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Abstract

Banks play a strategically important role in thechiaations of both global finance and the globairec
omy. Ensuring the stability and good governancthefbanking milieu falls within the ambit of the lBa

for International Settlements (BIS) which recogdisee importance of banks and established the Basel
Committee on Banking Supervision (BCBS) in 1974e BCBS has engineered and distributed two ac-
cords — Basel | and Basel Il — over the last tweades since 1988 with the goal of promoting adedyiat
and appropriately regulated banks. The latest of these — Basel éimbraces three risk components
namely market, credit and operational risk. Thetrs@mificant aspect of the current (Basel Il) accis

the determination of theppropriateamount of regulatory capital, i.e. an amount whghot so lenient
that it allows banks to regularly fail and yet bettoo onerous as to impede the day to day opasatiba
bank. The assessment of bank capital adequacyharehforcement of sufficient retained capital ane i

portant functions undertaken by banking supervisors

Basel Il requires that banks retain sufficient talpiat given confidence levels, to prevent insnbxe
Banks must also satisfy local regulators (who nmgrpret and impose more stringent aspects ofdhe a
cord) that additional risks have been adequatelyagpropriately addressed and the requisite cdpaisl
been reserved for these. The ultimate aim of thBBG to align banks' regulatory capital (the antoun
required to keep banks solvent as decided by theB@vith banks' internal (cgconomig capital. The
former is estimated via equations which are baseskweral economic assumptions, but are by definiti
highly conservative. The equations comprise sevemlts, some of which are determined by banks us-
ing the most advanced approaches but many of wisle been deliberatefyxed by the BCBS as a
means of introducing and establishing the perceauesterity into capital requirement formulas. The r
tionale behind the choices of fixed parametersnea®r been publicly released and this opacity alescu
the fairnessof the capital requirement&irnessin the sense of "do these fixed parameter resnst
make for capital requirements that & onerousor too lenien?" Without details of how to estimate
these fixed parameters, banks using the BCBS-speaiquations must simply accept that the require-

ments are "fair" or at leaappropriate

This thesis establishes measurement methodologitee mpaque, fixed variables of Basel II's capital
equations using banks' own empirical data. Usiegehmethodologies, banks (of any size and complex-
ity) may determine their own unique parameters fthair own internal loss experience and thus assess
the fairness of the imposed regulatory capital @bsrIf these are deemed too lenient, banks caedse
their capital reserves and if too onerous, banksazfjust the pricing of risky securities. In eitloaise,
banks using these methodologies will be able tabdish precisely their uniguempirical capital re-

quirements without blind acceptance of obscuredmaters in the capital calculations of Basel Il.



Uittreksel

Banke speel ‘n strategiese rol in die internasefiansiéle stelsel en is noodsaaklik vir die leavadng

van wéreldwye ekonomiese stabiliteit. Die Interonale Verrekeningsbank (IVB) is verantwoordelik vir
stabiliteit in internasionale bankwese en om tosiéa dat goeie bestuur in hierdie sektor geharidhaa
word. Die IVB het die erns en noodsaaklikheid vaanWrisikobestuur besef en gevolglik die
Baselkomitee oor Banktoesighouding (BKBT) in 19@ddtand gebring. Die BKBT het sedert 1988 twee
belangrike akkoorde (riglyne vir banke en toesighiey naamlik Basel | en Basel Il, saamgestel en
gepubliseer. Die mees onlangse akkoord — Baselfdkas op drie verskillende risiko’s waaraan banke
blootgestel is, naamlik mark-, krediet- en openasie risiko. Die belangrikste aspek van Basel Wies
bepaling van genoegsame regulatoriese kapitaahiwato toegeeflik is dat verliese op gereelde Habis
tot insolvensie nie, maar moet ook nie so strengswiat dit die bank se dag tot dag aktiwiteite ligqde

beinvioed nie.

Die raming van genoegsame bankkapitaal (teen gegewerheidsvlakke) sowel as die regulering van
vereiste kapitaalvlakke is belangrike verantwodkthelde vir banktoesighouers. Verder moet banke ook
plaaslike toesighouers (wat die akkoord strenger ikterpreteer) daarvan oortuig dat alle addisienel
risiko’s voldoende aangespreek is en dat voldodagbitaal daarvoor gereserveer is. Die uiteindelike
doelwit van die BKBT is om banke se regulatoriesgpitaal (soos voorgeskryf deur die BKBT) te
sinkroniseer met banke se interne égbnomiesekapitaal. Eersgenoemde word bepaal deur die debru
van vergelykings (gebaseer op ekonomiese aannanagsper definisie baie konserwatief is. Hierdie
voorgeskrewe vergelykings bestaan uit verskeiettmse die vorm van vaste parameters wat doelbewus
deur die BKBT so vasgestel word dat dit strenggitkalvereistes tot gevolg het. Die beweegredelieir
BCBS se gekose parameters is nog nooit bekend gemm@&n hierdie vaagheid (vanaf die BKBT) wek
twyfel op die regverdigheid van regulatoriese kagiitereistes. Met ander woorde: Is kapitaalvlakke,

gebaseer op die BKBT se vasgestelde parameteéoggeeflik of te streng?

Hierdie proefskrif bied ‘n vereenvoudigde metodadogvat banke (ongeag grootte of kompleksiteit)
instaat sal stel om geregverdige ekonomiese kaismmwes te kan bereken (gebaseer op die inivéduel
blootstelling van die bank). Banke kan, deur hierdnetododologie te gebruik, hul unieke
verliesgeskiedenis gebruik om self die regverdighin voorgestelde, regulatoriese kapitaal te bepaa
Indien dit te toegeeflik is, kan banke hul kapitasérwes verhoog. Indien dit egter te streng is,denke
die pryse van meer riskante effekte aanpas. Bowsaldbanke wat hierdie metodologie gebruik instaat
wees om hul eie, empiriese kapitaalvereistes akkwas te stel sonder blindelingse aanvaardingdi@n

obskure parameters soos voorgeskryf in Basel Il.



Table of Contents

ACKNOWIEAGEMENLS ... ii
Y 41 1 = T iii
LT =] 1= PR v
Table Of CONLENES .....uuiiiiiiiii e s st e e e e e e e e annes v
LiSt Of FIQUIES ..o Xi
IS R =1 ][ Xiv
List Of ADDIeVIatioNS.........coiiiiiiiiit e XVi
CHAPTER 1: INtroduCtiON .........c..cooviieiiicceecee e 1
1.1 7= Tod (o | (o 18] o 1P A
1.2 Problem statement ... ... e 3
1.3 Research goals and objectives.........ccccooiiiiiieiiieeeeeee e 4
14 TRESIS OULINE ... e 4
15 Yol 0] o1 TSP 6

CHAPTER 2: Historical development of International Capital

Regulations and the New Capital Accord (Basel Il)..........c.cccccccevne... 8
2.1 aTigoTe (VT i o] o FOU PP 8
2.2 L@ F=T o] =] gl =0 11 | R 10
2.3 Three essential role-players in global capégllation...............cccccvvvvvviiinnnn, 0.1
231 The Bank for International Settlement . . ...eeeeeeiiiiiiiiiiiieeeeee 11
2.3.1.1  Historical development of the BIS ... 11
2.3.1.2 The BIS as an organiSation..........c oot ee e e e e A2
2.3.2 Basel Committee on Banking Supervision (BCBS)..........ccccccvvvvvvvvvvvvvinnnee, 13
2.3.2.1  BASEI PrOCESS .....ccoiiiiiiieiie ettt e e e 13
2.3.2.2 The history of the BCBS .......coooiiiiiiee e 14
2.3.2.3  About the BCBS as an OrganiSation .. «eeeeeeeeeeeeeeeeeiaieiiiaeiiaeiieesiinaeeeen 14
2.3.3 The Capital ACCOITS.......uuuuuuriieeiieeeemereeeeeeeeeeereeeeeeeraaer e eeeeeeees .16
2.3.3.1 Historical development of the Capital AGEL...........cooviiiiiiiiiiiiee e 16
2.3.3.2 Basel |l introduced as the first Basel AdCaLr.............cccevveeiiiiiiiiiiiicceeee, A7
2.3.3.3  The 1996 Amendments t0 BaSel | .....cuueeeeeiiiiiiiiiiiiiiieeeeeeiiieee e .18
2.3.3.4 Basel ll replaces Basel | ...........ocoeeeeeiiiiiiiiii e .18

\'



2.4 THE BASEI Il ACCOIA ....oeeeieeieieeee e ettt e e et e et e et e e et e e e eeea e eennns .19

241 Introduction to the 3 pillar approach .............cccccvvveveiiiiiiiiieiieeeeee 19
2.4.2 1= PP PP 21
2.4.2.1 Calculation and definition of capital regments............ccccooeeeiiiiiiiiniiin i ceeen. 21
2.4.2.2  Defining Capital ........ oo .21
2.4.2.3 The basics of capital adeqUaCY .....ccceeeeeieiiiiiiiiiiiiieiiee e .22
2.4.2.4 Approaches to calculating risk in Pillar.L.............covvvvviiiiiiiiiiiiiiiiiiiiienennnee. 22
2.4.2.5 Pillar 1 — Credit Risk: Standardised Apploa................cuvvvivviiriiiiiniiniiniine. .23
2.4.2.5.1 ASSEL CIASSES .....oeiiiiiiiiieeet et ettt ettt eeee ettt eeeeteeeeae e et ee s e e nene e e e e e e e eeeeeeeeaeaes .24
2.4.2.5.2 Implementation Of the SA ... 25
2.4.2.6 Pillar 1 — Credit Risk: Internal RatingssB@.............cccccoveeiiiiiiiieiiiiiiiiiiieeeens .25
2.4.2.6.1 ASSEL CIASSES ....ceeiiiiiiiieeeit et ettt ettt ettt ettt eeeeeaeeeeeeestee et e rnene e e e e e e e eeeeeeeeaaees .26
2.4.2.6.2 Expected and unexpected I0SSES. .cccuueeeieiieiiiiiieeeeeeeeee e .26
2.4.2.6.3 LOSS COMPONENTS ...vvuuiiieiiiesienmmmmmeeesisan s e e eeeeeasits e e e e eeeeesesnnrrreessseaseeeessennnns 27
2.4.2.6.4 Capital calculating for IRB AppProaches..............cccvvvvvvvvvevvevnnnninnnnnrennnnn.. .28
2.4.2.6.4.1 The Foundation Internal Ratings Baggmoach (FIRB) ..............ccccoeeeeeeeen. .28
2.4.2.6.4.2 The Advanced Internal Ratings Bas@dogzh (AIRB) ......cooeeeeeei .29
2.4.2.7 Pillar 1: Operational RiSK ............cceeeeerrieeiiieiiiieiiiieiiiiiiirieeeeeereeeeeeeee e .29
2.4.2.7.1 Background and definition ..........cccceoriiiiiiiiiiiieiie e .30
2.4.2.7.2 Sources and types of operational riSK...........ccccceeeiiiiiiiiiiiiicceeeen .30
2.4.2.7.3 Basel Il deals with operational risK...............ccccoeeiiiiiiiee 31
2.4.2.7.4 Approaches to calculate operational £isk.............ccccceeeiiii, 31
2.4.2.7.4.1 The Basic Indicator approach (BIA) ccc....ccooeeiieeiiieeeeee .32
2.4.2.7.4.2 The Standardised approach (SA) oo eiiiiiiiieee e .32
2.4.2.7.4.3 The Advanced Measurement approach (AMA...............cccvviiiiiiievieennee, 32.
2.4.2.8  Pillar 1: Market RISK ........coouiiiiieeeiiiiie e .32
2.4.2.8.1 Background and definition ..........ccooeeeiiiiiiiiieee e .33
2.4.2.8.2 From Basel [t0 BaSel ...........oo e .33
2.4.2.8.3 Measurement of Market...........ooceveeeoiiiiiiiiiii e .34
2.4.2.9  Pillar 1: CONCIUSION .......coooeiiii e .35
24210  Pillar 2: SUPEIVISOIY ... .35
2.4.2.10.1 BacCKgroUNd .........ccooiiiiii i .35
2.4.2.10.2 Importance of SUPEIVISOIY MEVIEW weee.vvvvvervirrriiiriiiriieinniennrsnnnnnnesnnneeeeee. .36
2.4.2.10.3 The four basiC PriNCIPIES ........ e eeeeeeeeeeieeeieeeeieeeeeeeeeeeeeeeeeeineeeeeeeeeeeeeeees .36
2.4.2.10.4 COMPONENES. ....uuuuuiiiiiiirreeeee e e e e e e eeeeteeetee ettt er e er e e e e e e e e ereeeaaaaeeaeereeeeeees 37
2.4.2.11 Pillar 3: Market DiSCIPliNe ........ccooeeeeiiiiieeeeeeeeeeeeeeeee e .37
2.4.2.11.1 Background and definition ........ccceeecoeieeeiiiei e, .38
2.4.2.11.2 The purpose Of Pillar ... .38
2.4.2.11.3 DiSCIOSUIe reqUIrEMENES .......utieeeeeeeieieeeeeeeeeeeee e e e e e e e e e e e e eeee e e .39

Vi



2.4.2.11.4 Implementation of Pillar 3.......cccceee oo, .39

2.5
2.6

The relationship between model complexity #edbility ..........ccccceeeerviinnnneee. 40
CONCIUSION ...ttt e e r e e e e e 41

CHAPTER 3: Fair credit risk capital using empirical asset

CONTEIATIONS. ...ttt ettt ettt e eee e 42
3.1 INTFOAUCTION .. e e a e e 42
3.2 Chapter [AYOUL ........eeeeeieie e A4
3.3 LIErature STUAY........coiiiiiiiiiiiitmmmmmm et e e e e e e e eeas A4
3.3.1 INtroduction tO Credit MSK..........uiieeeeeiiiieice e 45
3.3.2 Calculating the capital charge for crediris.........coooviiiiiiiiiiie 46
3.33 Different types Of Credit EXPOSUIES. .. e eeeeeeieeeeeeeeeeeeeee e aeeeaee e 46
3.34 Retail exposures and Basel Il .........cccoooiivieiiiiiiiiiiiiiiiiiiiviivieeveeeeeee e 46
3.35 The ASRF approach ..., A7
10 10 70 Tt R =t ot o] ¢ = F= 11 o o PP .48
3.3.5.2 Average and conditional PDS ..........ccccouiiiiiiieiiiiiieee e .50
3.3.5.3  L0SS GIVEN DefaUIL.........ccuiiiiiiieeeeeiieee e 51
3.3.5.4 Expected versus Unexpected LOSSES ...ccvvveeeiiiiiiiiiiiiiiiieeeieeeeee, .52
3.3.5.5 Exposure at Default and risk weighted @SSet...........cccccoiiiiiiiiiiiiiiieissimnn .53
3.3.5.6  Maturity adjuSIMmENT .........coiiiiiii e .53
3.3.5.7  Model CaliDration ...........eeeiiiiiiimmiiieeeee e .54
34 Methodology and parameters ..........oo oo .54
341 The mathematics of the ASRF approach............cceeevvveieiiiiiiiiiiiiiiee e 55
3.4.2 DistribUutioN fittiNg ... ...eveeriiiiiiccee e .57
3.4.3 Extracting the empirical asset correlatiamfioss data.............................. 9.5
344 Using the empirical asset correlation towake economic capital................... .61
I O R B T | - LSRR .61
3.4.4.2 Comparing Basel and Empirical correlations.............ccccoeeeeeeeeeiiie 65
3.4.4.3 Using asset correlation to calculate thpitabrequirement ..............ccccvvveeeeen. 8.6
3.5 Application of the methodology ...........ceeeeeeeeieeeiiiee e .69
3.6 (@70 0 Tox (117 o PP PP PPPPRPRPR 71

CHAPTER 4: Fair trading book capital using empirical unwind

PEIIOUS ..ottt 73
4.1 INEFOTUCTION ...t 73
4.2 L@ gF=T o] (=T gl =0 11 | T 74

vii



4.3 LIterature STUAY.........ooiviiiieeeeeescemmee et s e e e s e e e 74

4.4 Definition of Market FiSK ...........ooovimeee oo, 75
44.1 A brief history of market risk ..........ccceeuriiiiiiiiiiiiiiii e .76
4.4.2 The banking and trading BOOKS .........cccccoiririiiiiiiiiiiii e .78
443 Market risk capital requirements methods............ooooeeei i 79
4.4.3.1 Standardised Method ............... e eeee e .79
4.4.3.2 Internal models approach (IMA) ..., .80
4.4.4 The VaR approach.........cccocooiiiiiiceeeeeeeeeeeeeeeeeeeeeeeeee v e enneeeeeeeeees .80
445 The three VaR measurement methodologies. .............euvueiieiiiiiiiniiinnnnennnd 82.
4.45.1 Historical simulation VaR ... .82
4.45.2 Monte Carlo simulation VaR...........cceeeaiiiiiiiiieee e .82
4.45.3 Variance-covariance method..........oii e .83
4.4.6 Specific (idiosyncratic) risk Charge ....cccceuvvvvveiiie e 85
4.4.7 Calculating the market risk charge ....cccceeeeeeeiieiiiieeeeen .87
4.4.8 Regulators’ criteria for good and bad models.............cccvvviviiiiiiiiiiiiiiien 88
4.4.8.1 (O IO T 11 = AV o 1 (=] 4 = U .88
4.4.8.2  Specification of market risk faCtors............cooceoeiiiiiiiiiii e .89
4.4.8.3 QUANTIEALIVE CHEE-TIA. ... ...ceevttimme e e e eeeeeeettiee e e e e e e eett e e e e eeeeeereennntaa e eeeeeeeens .90
4.4.9 Credit risk in the trading book: From Bastd Il ...............coovvvvviiviiieiiieeeee e 91
4.4.10  Credit risk in the trading book (pre-cremtiinch)................. e 91
4411 The onset of the credit CrunCh .........ccuvviiiiiii e .92
4.4.11.1 The credit crunch defined..........cocoeiiiiiiiiiiii e .92
4.4.11.2 Maindrivers of the creditcrunch ... .93
4.4.11.3 Consequences of the credit CrunCh oo .94
4.4.12 How VaR estimates failed during the credinch...............cccoooeeiviiiiinnnn. 95.
4.4.13  Basel Il amendments: Incremental Defaulk RIBR) ...........cccooeeeeiiiiiniinnnnnn. .95
4.4.13.1 BaSel 1IN LO88......ccooiiiiiiiiiiiiieee et e et e e e eneenee e e e e e e e e e nnnes .97
4.4.13.2 AMendments iN 2004 ... ..o .97
4.4.13.3 BASEl IN 2007 ...eeeeiiiieeiiiiiieeeeemt ettt e e e a e e e e e e .97
4.4.13.4 Proposed October 2008 amendments .o eeeeeeeeeeeeeeeeeenn 97
o I R | o 113 A (=] oo = S .98
4.4.15  The future OFf IDR ........eiiiiiiiie i immmee e e e .99
4.4.16  Potential consequences of proposed regulai@nges...........cccoeeeeeeieieiiennnnn. .100
4.4.17  Conclusion of the literature StUdY....ccccce.eveeeiemmiiii e 101
4.5 Methodology and parameters ..........oo i 101
451 D 1= TR .102
45.2 Modelling the market risk charge.......eeeeevvveeeviiiiiiiiiii e .103
4521  VaRfOr DONAS ...coooiiiiiiiie e .103
4.5.2.2  POrfOlio VAR ...ooooiiiiiee e .106

viii



45.3 Modelling the credit risk charge.......cccceeeeeeiiiiiiieeeeee. .108

454 Model ValidatioN..........cccoiiiiiie e 110
4.5.4.1  MVER FESUIS....ccoiiiiiiiiieiiee ettt e e e as 111
4.5.4.2  CVAR FESUILS....ouuiiiiiiiiii i eeeeeetti et e e e e 112
N N R o3 (== LTS = 1 [ P 112
4.5.4.2.2 Data distributions and risk SENSItIVILY.............eevieiiiiiiiiiiiiiiiiiiiieeeeeeeeeee 112
455 IDR and the holding Period .............uuuuueriuiiiiiiiiiiiiieee e enaneees 114
4551 MVaR during unstressed (pre credit crucmditions................coeeeeeeeeeeeenn. 115
455.2 The new capital charge by adding the CVaR............cccccoeeiiiiiiiiiiiiinninnnnm 116
455.3 Capital charge during stressed conditiQns..............cooooeeeeiiiiiiieeee. 116
4.6 Application of Methodology...........uuviemeemriiiiiiiiieiiieeeeeeve e 121
4.7 (0] o Tod 1113 (o] 13 122
CHAPTER 5: Contribution and results of investigateddata............ 123
51 INEFOAUCTION ... e .123
5.2 Chapter [aYOUL ...........vveiiiieiiieitieiveeeeieir e nnnanresseeenrnes 124
53 Application of MethodOIOGIES ...........immmeeeeeiieiieee e 125
531 L0 1T 11 4 1] R 125
5.3.2 IMAIKET FISK ...ttt e e e e 128
54 Results for data used in thisS StUAY ...ccceeeeiiiiiiiiiiii e 131
541 Credit FISK FESUILS. ... .. et ceeeeeiiiiiei ittt eeeeeeeeneees 131
5.4.1.1 Correlations comparison: Basel Il vs. Bingl correlation .............ccc.ccooe...... 134
5.4.1.1.1 Residential MOrgages...........iceeeeeeruiiiiriiiiiiiei e smaseenareennne 134
5.4.1.1.2 Qualifying ReVoIVINg @XPOSUIES ....ccceeeummrrnuniiaiaaaaaaeee e eae e eeeeeeennes 135
5.4.1.1.3 High volatility commercial real estate.............cccccceeeiiiiiiiiiiiiiee e .136
5.4.1.1.4 Other retail EXPOSUIES.........ccceveeeeei e 137
5.4.1.2 Effect of correlation on capital charge .............cccccceiiiieieeeee, 139
5.4.1.2.1 Residential MOMQagesS........covt oo .140
5.4.1.2.2 Qualifying ReVOIVING EXPOSUIES .....ccceeivrrrrriririiiiiiiiiinseaessee s s e s sesnnnnnnes .140
5.4.1.2.3 High Volatile Commercial Real EState ........cccoooevviiiiiiiiiiiiiiiiiiieeeieee, 141
5.4.1.2.4 Other retail EXPOSUIES........coiiieeeeeeee e 141
5.4.2 Market FISK FESUILS .......uuuiiiiiiiiit ceeeee ittt e eeee .143
5.4.2.1 Portfolio generation...............ooceeeeeiiiiiiiiiiii 144
55 (070 0 [ox (117 o PR PPUPPRPTR 155
551 Presented application............ooooiieeii i .156
55.2 RESUILS ...ttt e e e e e e e e e e eeeeeeeeeeees 156



CHAPTER 6: Conclusions and recommendations............ccocvveveeen.... 158

6.1 10T (1 o3 1T o 1 .158
6.2 Problem StatemeNnt............uuiiiiiiiieeeece e —————— .159
6.3 Research goals and bjectives ... .160
6.4 CoNtrDULION. ... 161
6.5. 1o 0] o = 2SR 164
6.6 Recommendations for future study .........ccccccevviiiiiiiiiiiicieeeeeee 164
6.6.1 Areas for future study in credit MSK. ..o 165
6.6.2 Areas for future study in market risk............ccoooiiiiiiiiiiiii s 165
6.7 FINal STAEMENT ...ooiiiiiiii e .165
Appendix | Fitting reSults ... 167
Appendix I =Fitting dSItriDULIONS.............oooiiiiiiii e, 179
REFEIENCES.......eeeeeeeeee e e .184



List of Figures

CHAPTER 3

Figure 2.1: The historical development of the BASEOrdS ..............eevvviiviiiiiiiiiiiiiiieeeeeeeeeee. A7
Figure 2.2: The different elements in the 3 Rillaf Basel Il ..., .20
Figure 2.3: Structure of the Basel Il diSCUSSION .c...... ... e 21
Figure 2.4: Structure of the Basel Il discussiBtandardised approach for credit risk .............. 23
Figure 2.5: Structure of the Basel Il discussi®B approach for credit risk ..............ccccccowemeee. .25
Figure 2.6: Probability distribution of potentiabses .............cccceeii e, 27
Figure 2.7: Structure of the Basel Il discussietiiar 1: Operational Risk.................c.oceeeeee .29
Figure 2.8: Structure of the Basel Il discussiitiar 1: Market RisK..............cccovvvvviveeeeeeeenee, .33
Figure 2.9: Structure of the Basel Il discussiditiar 2:Supervisory Review ..................ccuemee.. .35
Figure 2.10: Structure of the Basel Il discusskiflar 3: Market Discipline...........cccooevicmenn.... .37

Figure 2.11: Bank capital model complexity versuxdel flexibility to determine relevant capital.40

CHAPTER 3
Figure 3.1: Different losses (NUL, EL and Totalsis@s)...........coooviiiiiiiiiiiiiiiiieeeeeeeeeee .59

Figure 3.2: Basel Il vs. Empirically extracted redations — vertical axis=asset correlation;

horizontal axis= retail aSSet Class ..........cooveer i .67
CHAPTER 4
Figure 4.1: The relationship between VaR and stBhdeviation..............cccoocuvviee i e .81

Figure 4.2: Portfolio diversification and accdedmarket risk — vertival axis=exposure
to specific risk; horizonltal axis=number of assatthe portfolio..............cccvvvieeiiiii e .87

Figure 4.3: Increase in VaR as a result of tlegliticrunch — FTSE100 index returns .............. 94

Figure 4.4: Distributions of ratios (MVaR/totalarige) where: a) All bonds, b) Speculative

Xl



portfolios & c) investment portfolios. The verticatis represents the frequency............. .o . 113

Figure 4.5: Distributions of ratios of all, speative and investment portfolio bonds

ON the SAME TALIO SCAIE.....uiitiiie ettt et e et e et resem e e et e e e e e e s e e eeaaraeteeerass 114

Figure 4.6: Calculating the Basel Il and empiricapital charge (before and after
the Credit CIUNCR).....ccco e e e e e e e e e e e eeaaaeaaeeaaaeeaaeeaaeeaaaaaaeens 115

Figure 4.7: The Basel Il and empirical capitalrgjea(before and after the credit crunch ........ 119

CHAPTER 5

Figure 5.1: Summarised application methodologgmf@hapter ...........ccccccvvviiiiiiiiiieeeenen. 125
Figure 5.2: lllustration of key steps in the metblogy introduced in this chapter .................. 128
Figure 5.3: Summarised application methodologmf@hapter ..........ccccccveviveeiiiiiiiiieeeennn. 129
Figure 5.4: The relationship between actual loasesGDP in the US (1985-2008Q................ 32.1

Figure 5.5: Beta distributions over multiple pesdvertical axis = probability density;

aTelgvdelq) r- U= VOt [0 IS () PP 133
Figure 5.6: Correlation comparison for single figmesidential mortgages............vvvvvvvveeeeeee. 135
Figure 5.7: Correlations comparison for creditdcar.............coooeeeee e .136
Figure 5.8: Correlations comparison for commenaal estate 10ans............ccoccvveeeiiiceceenn. 136
Figure 5.9: Correlations comparison for businessi$ ................cccce e, 137
Figure 5.10: Correlations comparison for leasarfting receivables ..............cccccceeee e s .138
Figure 5.11: Correlations comparison for loansiget by real estate...........cccccvveiiiceeeennnns .138
Figure 5.12: Correlations comparison for CONSUIBEBNS. .............ooiiurrrrirerieeeeesens e eeeeeeees 138
Figure 5.13: Correlations comparison for otherstmner l0ans ...........ccccceeveeeveeeiieesivicmmmme . 139
Figure 5.14: Ratio of BCBS vs. empirical (eCoONON@@Pital.............uuueemmmiiiiiiiiiiiies v 142
Figure 5.15: Results obtained from investigatath 13000, randomly simulated bonds) .......... 144
Figure 5.16: Different holding periods with reface scale factors. .........cccccceeiiiiiiiieeeeeeneenn. .145
Figure 5.17: Capital requirements for differenttumities (average of all credit ratings)..........147
Figure 5.18: Capital requirements for differeraturities for all credit............c.ccooiiiiimeee e, 147

Xl



Figure 5.19: Difference between capital chargesliccredit ratingsrs.........ccccevvveveeviccceeeenns 149

Figure 5.20: Difference between capital chargesliaatings (1 year maturity)...............ce.... .150
Figure 5.21: Difference between capital chargeslfiaatings (2 year maturity)...............ceeee.. 151
Figure 5.22: Difference between capital chargesaliaratings (3 year maturity)...............cceeee. .151
Figure 5.23: Difference between capital chargeslficatings (4 year maturity).............cccc.e... 152
Figure 5.24: Difference between capital chargesliaatings (5 year maturity)..................... 152
APPENDIX |

Figure Al: (a) The Cumulative and (b) Probabiligndity function of fitted Beta
distribution - Vertical axis= (a) Cumulative dens& (b) Frequency; Horizontal

AXIST PEICENTAGE I0SS ...viuuiiiiiii e rmmmmmmms sttt a e e e 179

Xiii



List of Tables

CHAPTER 3
Table 3.1: Asset types for which loss data wegglalle and corresponding Basel Il
ClASSITICALION. ....ceiiiiiiie et 62
Table 3.2: Goodness of fitting results for eacindfvidual asset types for which loss
data were available ... .63
Table 3.3: Summarising the statistical differenoetsveen Basel Il and empirical
COITEIALIONS ...ttt ettt e e e e e e e s srmmne e e e e e e .66
Table 3.4: Summarising the Basel Il and empire@atelations..............ccvvvvveeeeiiiiis s 66
Table 3.5: Capital charge using Basel Il vs. eioglirasset correlation.......................... 69
CHAPTER 4
Table 4.1: Correlation matrix derived from 5 yeaf$istorical observations of corporate
OptioN-free BONAS..........uuviiceeee .106
Table 4.2: Inputs used in capital calculationS...............ccoe oo, .107
Table 4.3: PDs assigned to high quality, investrends ...............cccccceeeeeeiiiiiiicenee. 108
Table 4.4: PDs assigned to Lower quality, Spesddionds...............ccoeeeeeeeeeeeeee e, 108
Table 4.5: MVaR results from the capital model. ... 11
Table 4.6: CVaR results from capital MOAE! . ummmreeveeeeeeeiiiiiiiiiiiiiiiiiiiiiiiveeeeeeee e 112
Table 4.7: Increase in capital that under the @sed capital regulations..................... 112
Table 4.8: Inputs for capital Charge ........cccceeevveeeiieiiiieeiieee e 115
Table 4.9: Inputs for capital charge during steeSSONditions ............cevvvvveeeiiniiiiiieeaee. 117
CHAPTER 5
Table 5.1: Correlations comparison for Single fgmésidential mortgages..................... 135
Table 5.2: Correlations comparison for credit daahs.................evvviiieiinneinnenenns . 135

Xiv



Table 5.3: Correlations comparison for Commenaal estate 10ans...........cccoeeeeeeeennnnn 6.13
Table 5.4: Correlations comparison for other t&@IDOSUres............ccoevvvviiiiiiiiiiiiiieeee 137
Table 5.5: Regulatory Capital comparison for Resil mortgages............ccccceeeeeeee. 014
Table 5.6: Regulatory Capital comparison for (yadg Revolving exposures................ .140
Table 5.7: Regulatory Capital comparison for Higilatile Commercial Real Estate...... 141
Table 5.8: Regulatory Capital comparison for Otfe¢ail exposures.............cccceeeeee 411
Table 5.9: Capital charges and difference betveggmoaches for 1 year maturity bonds .153
Table 5.10: Capital charges and difference betvagpnoaches for 2 year maturity bonds. .153
Table 5.11: Capital charges and difference betvaggnoaches for 3 year maturity bonds. .154
Table 5.12: Capital charges and difference betvappnoaches for 4 year maturity bonds .154
Table 5.13: Capital charges and difference betvaggnoaches for 5 year maturity bonds. .155
APPENDIX |

The best fit to the distribution Of I0SS data.............uvviiiiiii e 167

XV



AFMA

AIG

AIRB

AMA

APRA

ATF

BCBS

BIA

BIS

CDF

CEBS

CGFS

Cl

CPSS

CVaR

EAD

ECA

ECAI

ECIM

El

EL

EPE

FDIC

List of Abbreviations

The Austrian Financial Market Authority
Accord Implementation Group

Advanced Internal Ratings Based approach
Advanced Measurement approach
Australian Prudential Regulation Authority
Accounting Task Force

Basel Committee of Banking Supervision
Basic Indicator approach

Bank for International Settlement
Cumulative density function

Committee of European Banking Supervisors
Committee on the Global Financial
Confidence interval

Committee on Payment and Settlement Systems
VaR for credit risk exposure

Exposure at default

Export Credit Agencies

External Credit Assessment Institution
European Commission: Internal

Exposure indicator

Expected losses

Expected positive exposure

Federal Deposit Insurance Corporation
XVi



FED - The Federal Reserve Board

FIRB - Foundation internal ratings based approach
FSA - Financial Services Authority

FSF - Financial Stability Forum

HVCRE - High-volatility commercial real estate

IAIS - International Association of Insurance Sopsors
IBM - International Business Machines Corporation
ICAAP - Internal Capital Adequacy Assessment Psece
IDR - Incremental default risk

IFRS - International Financial Reporting Standards
ILG - International Liaison Group

IMF - International Monetary Fund

IOSCO - International Organization of Securitiem@nissions
ISDA - International Swaps and Derivatives Assbora
LGD - Loss given default

M - Maturity

MDB - Multilateral development banks

MVaR - VaR for market risk exposure

NUL - Nett Unexpected Loss

OECD - Organisation for Economic Co-operation ams&opment
OoTC - Over the Counter

PDF - Probability density function

PDG - Policy Development Group

PIT - Point-in-time

PR - Price risk

PSE - Public sector entities

RWA - Risk-weighted assets

Xvii



SA

SAS

SL

SME

SRC

SREP

TTC

UL

)

VaR

VCV

Standardised approach
Statistical Analysis System
Specialised lending

Small- and medium-sized entity
Specific risk charge
Supervisory Review and Evaluation Process
Through-the-cycle

Unexpected losses

United States of America

Value at Risk

Variance-covariance

Alpha

Beta

Correlation

XVili



Chapter 1

Introduction

Life has always involved risk and those who are bk to weigh risks and make ap
propriate decisions have always been the most ssfuléSAS, 2002:1).

1.1 Background

Measuring and managing risk capital in a bankiigcat in maintaining global financial stability espe-
cially when large losses occur or in times of higarket volatility. It is, therefore, vital that n@lgtory
capital frameworks (which are designed to measnceestimate the requisite retention of risk-sevesiti

capital) are constantly adapted and improved.

Ensuring the stability and good governance of tekimg milieu falls within the ambit of the Bankrfo
International Settlements (the BIS) which recogtiiee strategic importance of banks and established
the Basel Committee on Banking Supervision (BCBS)974. The BCBS has engineered and distributed
two accords (known as Basel | and Basel Il) overl#st two decades (since 1988) to assert thaidsoun
(i.e. adequately and appropriately regulated) bamkscritical to the maintenance of global finahsta-
bility. Since the introduction of Basel | risk mayganent has evolved from a completely novel and imma
ture concept into a highly-defined and strictlywkeged process (Saidenberg and Schuermann, 2003:1).
The current (Basel 1l) accord — which was launchredanuary 2008 — is more risk-sensitive than its
predecessor and sets anter alia advanced modelling techniques for use by qualifyinks. These
methodologies are intended to improve the abilitpanks to quantify and manage their risk (Proctor,
2006). The implementation of Basel Il helped torecr numerous weaknesses of Basel |, although the
economic crisis (which began in 2008) revealed rsd\a@eas where the accord could be further imptove
to strengthen the global banking sector (Finan8ialbility Forum (FSF) and BCBS Working Group,
2009:5).

Basel Il embraces, in some detail, three signiticemk risk components namely market, credit and op
erational risk. The framework comprises three gllaith which all Basel-compliant banks must comply
The first of these pillars requires banks to retiteastan amount of capital specified by their adopted
(and regulatory-approved) approach. Banks musaduition, also satisfy local regulators (who may in
terpret and impose more stringent aspects of tberdgrthat other risks have been adequately anapp
priately addressed and the requisite capital has beserved for these over and above that requirddr
the first pillar. This second pillar embraces calpiequired for concentration risk, legal risk,ulidjty
risk, interest rate (in the banking book) risk abers, including capital required for severely erde
market conditions (i.e. for the results of stremsting). It is the aim of the BCBS that the sunthod

banks' capital under pillars one and two will ulditely equate to banks' internal @conomi¢ capital



requirements or, stated differently, that the amadicapital required to keep banks solvent asdigtby
the BCBS is as closely aligned as possible withtvalaaks themselves believe this amount of capital t
be.

The most prominent aspect of Basel Il is the detstion of theappropriateamount of regulatory capi-
tal, i.e. an amount which is not so lenient thalldws banks to regularly fail and yet not so @osras to
impede the day-to-day operations of a bank. Thesassent of bank capital adequacy and the enforce-
ment of sufficient retained capital for this purp@se important functions of banking supervisorsegu-
lators. Regulators that perform these assessmentpace banks’ available capital (held for protettio
with the bank's capital needs (based on its ovasidiprofile). Bank management must also contirslypu
evaluate internal capital adequacy in relatiorigk faced by a bank (Federal Deposit Insurance @arp
tion (FDIC, 2004)).

Banks must comply with regulators’ demands: theyndbhave any choice in implementing the supervi-
sory rules. Several banks, however, face numerbstaces in order to comply with and effectively-im
plement the Basel Il capital requirements (Callagt006). At the time of writing (November 2009),
most banks follow the Basel Il Standardised anddapproaches for all risk types (Van Roy, 2005:7).
To satisfy the requirements required for the adedrappproaches as set out in Basel I, banks must ha
rigorous procedures in place for data collectiondet validation and backtesting. Even though this i
expensive and complex, banks that qualify are réeawith a risk management system which provides a
competitive advantage as it enables them to ra&eatings and calculate fair regulatory capitsdrges
(Callaghan, 2006). Many banks, however, have neitie resources not the expertise to construct and
implement Basel II's Advanced models (see Straif)02l, Yao, 2003:23 and Whalen, 2006:2). All
banks, however, also require their own internabgemic capitd) models and prior to the introduction
of Basel Il, these were designed with varying |\l sophistication (Wong, 2008:1). Since Baselris

to calibrate regulatory capital models with intéreéeonomic capital modefsmany banks simply employ
Basel Il Advancednodelsfor their own (internal) use (Wong, 2008:3). Theues ofeconomiccapital

model parameters, however, are chosen completéhe ddank's discretion.

Large international banks are increasingly comfidedo use their economic capital frameworks in dis
cussions with stakeholders and to use it for BAssblutions. Singh and Wilson (2007:19) expect-eco
nomic frameworks to continue to improve and, intipatar over the next few years, to be more widely
accepted by the market and regulators in assibtimis to determine their capital management require

ments. The determination of economic capital is\é @ill in future be — increasingly important fat a

! Several large developing countries — such as Ciridaindia — have announced that they will not attwp Basel 1l framework
(The Economist2003).

2 Economic capital can be defined as the amounajpital a bank needs to cover losses arising framttique risk exposure at a
specific confidence level. This capital requiremisntalculated based on the bank’s own dynamierial measures, not pre-
scribed by any external parties (Smithson, 2008pnBmic capital is discussed in more detail attibginning of Chapter 2.
Economic capital has reached an advanced levelabdirity, and is now more widely accepted than éedpre (Singh and
Wilson, 2007:19).

% The Basel Il framework, titled thiaternational Convergence of Capital Measurement &agital Standardshas a clear ob-
jective to increasingly improve international corgence for capital adequacy for supervised banks (B@BS86a:1). Accu-
rate and more risk sensitive economic capital nmdehich can, in future be implemented to imprave BCBS's frame-
works, are therefore supported by regulators wkdrareasingly interested in banks’ economic capitadelling.
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banks, an undertaking that requires intensive nliadehnd analysis that is not always possible fbr a

global banks due to a wide variety of resourcedsg®herris and Van der Hoek, 2006:39).

Despite the retention of capital to protect bamksnffinancial crises, the 'credit crisis' has atecalmost
every segment of the financial system. Indeed, $avdre the hardest hit by the crisis (which wasiarg
bly caused by the banks themselves) as billiomaartgage-related investments had to be written down
equity market values losses were considerable and exptswneotic credit derivatives (such as CBOs
and CDS3 resulted in many bank failures. Investment baihieg once dominated the financial world
have either disappeared, been absorbed or haverbesented as commercial banks (The New York
Times, 2009). Although some signs of tentative vecp have been noted recently, at the time of mgiti
(November 2009) the crisis continues unabated. €fbier, understanding a bank’s economic capital is
currently the focus of all banks, including the BiBd local regulators as the credit crunch revetiat
pre-credit crunch regulation was ill prepared fur trisis that followed and that it must be addrdsa a

holistic and comprehensive manner in order to evfdem the crisis (Morrison, 2009:2).

1.2 Problem statement

Under Basel II, banks are (and will in the futue) begulated by a similar set of rules (with diéer lev-

els of complexity) in order to ensure that bankgehsufficient capital for future events. The BCBS$ab-
lished equations that are part of these rules,dbareseveral broadly sound economic assumptions, fo
calculating the requisite capital. These assumptieme by definition highly conservative. The equradi
comprise several inputs, most of which may be daterd by banks themselves using the most advanced
approaches. The remaining parameters, however,deare deliberatelfixed by the BCBS as a means of
introducing and establishing the necessary augtiit capital requirement formulas. These fixed pa

rameters may not, however, reflect the individuad anique risk exposures and experience of a bank.

The BCBS have presented detailed documentatiorrdiegathe choice of model and most of the steps
which lead to the capital requirement equations tihel rationale behind the choices of fixed paramset
has not been publicly released. This opacity olescthefairnessof the capital requirementiirnessin

the sense of 'do these fixed parameter restrichiasise for capital requirements that &we onerousor

too lenien?' Without details of how to estimate (empiricadlytheoretically) the fixed parameters, banks
using the BCBS-specified equations must simply pictet the requirements are, indeed, 'fair' deast

appropriate.

Currently (November 2009), sophisticated banksutate their economic capital requirements independ-
ently of the BCBS while smaller, less sophisticatadks — which often lack the quantitative resosiafe
their more complex peers — rely heavily on Basdbtlguidance on the estimation of economic capital
(Wong, 2008: 3).

4 Collateralised debt obligations.
® Credit default swaps.



1.3 Research goals and objectives

To address this problem, primary and secondarysgeate identified.

The primary goal of this study is to address thevabmentioned problem statement by establishing
methodologies to empirically estimate some of thaque, fixed variables present in Basel II's equa-
tions. The methodologies allow banks (of any siad aomplexity) to determine empirically their
own unigue parameters (for credit and market riigkh their own unique loss experience. Knowing
these empirical values will allow banks to ascertahether or not the BCBS-specified fixed parame-
ters ensure that capital requirements are indeetktoent or too onerous (i.e. determinfaia capital
charge). If the former, banks can increase econaaypital reserves appropriately and if the latter,
banks can judge for themselves whether or not greyaconomic conditions warrant such capital
requirement severity. In either case, banks udwegsuggested methodologies are able to establish
precisely their uniquesmpirical capital requirements without blind acceptance lifoored parame-

ters in Basel II's capital calculations.

The secondary goal of this study is to summarigecticulation methodologies introduced in this
study into implementable applications which mayebgloyed by any bank. These applications will
allow banks (of any size and complexity) to detemrempirically their own unique market and credit

risk parameters from their unique loss experiences.

This study does not seek to discredit Basel Iherit acknowledges the necessity for banks torensu

that key elements of the Basel Il risk managemereance structures, policies, processes andsyste

are robust and integrated within banks' day toatdiyities. This is especially important in thehligf the
ongoing (November 2009) credit crisis (Griffin, 3)0

1.4 Thesis outline

This study comprises the following chapters.

Chapter 2: Literature survey

Chapter 2 presents a literature survey which intced the three essential role-players of global cap
tal regulation namely: the BIS, BCBS and the Bdlsfhmework. These protagonists are discussed
to provide a better understanding of the globallaipn of bank capital. The concept of economic
capital is also explored in more detail. Historidavelopments, functioning and status quo of the
components is detailed and Basel II's three pflamework is summarised. Under the first pillar

(minimum capital requirements) of Basel I, credperational and market risk is introduced briefly.

This is followed by a brief introduction of the s&d pillar (supervisory review) and the third (metrk

discipline).



Chapter 3: Fair credit risk capital using empirical asset correlations

Chapter 3 focuses only on Basel II's first pillzamely minimum capital requirements for credit risk
(chiefly under the Advanced Internal Ratings Ba@®itRB) approach). The primary purpose of this
chapter is to introduce a calculation methodologyciv will enable banks to determine a fair level of

economic capital.

The first parameter which has deliberately biesd by the BCBS as a means of introducing and es-
tablishing the necessary austerity into capitaliiregnent formulas is asset correlation and thig-is
vestigated in Chapter 3 with the purpose of deteingi a fair level of economic capital for credit
risk, specifically for retail assets. Asset cortiela was specifically identified as a potential lplem
since an incorrect measurement of this parametdd dze detrimental in estimating a bank’s capital

requirements (Laurent, 2004:23).

Chapter 3 comprises three sections: a literatuigygtwhich covers the relevant credit risk definiits
and focuses on the capital calculation framewodsgribed by Basel Il. As this chapter investigates
asset correlations and their impact on creditcegbital charges, a thorough description of thigctigp
required in order to contextualise the subject @raav accurate conclusions on this topic), a method-
ology for extracting empirical asset correlatiossig empirical data (which is employed in the calcu
lation methods of the prescribed Basel Il framewgnkroduced in Section 1) to also calculate the
capital charge for credit risk) and a summary @f application which may be employed by banks to
extract the empirical asset correlation from aoéeétail empirical loss data. Banks may use thuese
rived asset correlations to calculate fair levélea@nomic capital (using the Basel Il frameworkian
equations for credit risk). Section 3 also pres#dmgesults obtained from the methodology by apply

ing it to US retail loss data.
Chapter 4: Fair trading book capital using empiricd unwind periods

Chapter 4 extends the investigation beyond créilit(dominant in the banking book) and into mar-
ket risk (prevalent in the trading book) and inigetes the incremental default risk charge (IDR)
which was recently introduced by the BCBS to takeoant of credit risk embedded in the trading
book. This chapter thus investigates another pasanwhich has been deliberately fixed by the
BCBS as a means of introducing and establishingndmessary austerity into capital requirement

formulas, namelyhe creditholding(or unwind)period.

The holding periods refers to the length of timguieed to unwind a financial position without mate-
rially affecting underlying asset prices. It is arfethe few components of contemporary risk models
which may be altered subject to the practitionetism. Most others arealculatedand hence ma-
nipulation of their values is more difficult. Chap# therefore introduces a calculation methodglogy
which may be applied by any bank, to determineetigirical holding period for credit risky instru-

ments in the trading book.



Chapter 4 comprises of three sections. Sectionalliterature review which covers all the relevant
trading book concepts and developmérgction 2 is a methodology section (as well agxqiora-
tion of the required parameters neededjile Section 3 is a summary or application sectidich
may be used by banks to calculate their own faidihg period of trading book credit exposures,
based on their own data. This fair holding per®dn important value and could be of strategiainte

est to banks who wish to establish fair levelsaafremmic capital for market risk.
=  Chapter 5 - Contribution and results of investigatel data

Chapter 5 presents the results obtained in thif/siseand comprises two sections. Section 1 is an
application section which summarises the capitidutation methodologies from Chapter 3 which
may be used by banks to extract the empirical assetlation from a set of retail loss data. Banks
may then use thempirical asset correlation to determine a fair level ofneenic capital using the
Basel Il credit capital equations. This is followlgd a summary of the methodology introduced in
Chapter 4 which may be used by banks to calculai& bwn fair holding period of trading book

credit exposures, based on their own loss data. falriholding period is an important value and

could be of strategic interest to banks who wishdiablish fair levels of economic capital for nerk
risk. Section 2 then applies these capital calmrat(one for credit risk and one for market rigk)
specific datasets and presents the results. Théisehow — in both cases — that the capital clsarge
calculated by applying fixed BCBS parameters resultighly conservative (even punitive) levels of

capital when compared with empirically calculatbdged on unique loss experience) capital charges.
= Chapter 6 — Conclusion and recommendations

Chapter 6 concludes the study and makes some kesnmeendations for future research.

1.5 Scope

This study is aimed at banks of any size and coxitgl¢hat have adopted Basel Il and introduces
calculation methodologies which will allow them determine empirically their unique parameters
for capital calculation from their own loss expeage. The study does not intend to discredit Bdsel |
nor its conclusions, but rather aims to provideksawith methodologies to determine empirical

(based on banks' own data) economic capital. Treséts may be used in economic capital calcula-

tions which are — and will become — more imporfanbanks, regulators and investors in future.

® This section also introduces and discusses crisffitmbedded in the trading book, a new developritethe Basel frame-
work. A thorough description about this topic issded to make a proper analysis and develop anatecoethodology for
capital calculations.

" All the background mathematics is presented is skiction. This section also applies the mathematia specific set of bond
data. The properties of the underlying data arerdesd in detail. The modelling procedures and ena for the assumptions
used in the calculation of empirical holding peraré also presented.
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In Chapter 2 Basel Il is discussed along with tired pillar framework of which it comprises. Under
the first pillar, credit, operational and markegkrare introduced, but this study focuses only aypi-c

tal calculation methodologies for credit and marisk. Operational risk was not covered.

For credit risk, the capital calculation methodglag specifically aimed atetail credit exposures
which have not received sufficient attention inergicyears as industry and regulatory resources have

always focused far more @orporatelending (Ghosh, 2005:3).

For market risk, the capital calculation methodglegas based on bonds (specifically plain vanilla,
corporate bonds). The idea was to isolate the tsff@iccredit-risky instruments from other types of
instruments (such as equities) in the trading bbtlskng simple debt instruments (plain vanilla cerpo

rate bonds) the application of the methodologyoitticed in this study could be effectively demon-
strated. Complex debt instruments (such as CDSLa&@s) are intricate and this unnecessarily ob-
scures the effective application of the introdunsethodology. However, banks which do hold com-
plex instruments may still apply this methodologpyided they can accurately determine both the

market and credit risk capital charge components.

The literature study follows in Chapter 2.



Chapter 2

Historical development of International Capital Regions and

the New Capital Accord (Basel II)

The banking industry is probably the most regulaedtor in the history of civilizatiop
(Bentulan, 2001:4).

2.1 Introduction

During the past four decades (since 1970) bankmakagement has evolved from a completely new
concept into a highly defined process of the modgobal financial milieu. The principal driver dfis

process has been the regulation of bank risk dapita

The primary goal of this study is to introduce negtblogies to empirically estimate some of the fixed
variables present in Basel II's equations. The watlogies allow banks (of any size and complexity)
determine empirically their own unique parametéos ¢redit and market risk) from their own unique
loss experiences. Knowing these empirical valueg allaw banks to ascertain whether or not the BCBS-
specified fixed parameters ensure that capitalireaquents are too lenient or too onerous. The caln
methodologies introduced should enable banks tmat& the fair level of economic capital for creatitd
market risk. This is important for banks @wsderstanding banks’ economic capiiglcurrently (Novem-

ber 2009) a critical focus in the global bankingtee (Morrison, 2009:2).

If a bank finds that (based on its own empiricgberience) the Basel ll-prescribed capital requiraise
are too lenient, it may choose to increase econaapital reserves appropriately. If, on the othend)

the capital charge is too onerous, it may judgeitémif whether or not prevailing economic condito
warrant such capital requirement severity. In eittese, a bank using the suggested methodologies is

able to establish precisely its unigeeypirical capital requirements (a fair economic capital gafir

It is the aim of the BCBS that the regulatory calpiequired to keep banks solvent be as closeiyed
as possible with what banks themselves believeatimsunt of (economic) capital to be. At present, so
phisticated banks decide their economic capitalireqents independently of the BCBS while smaller,

less sophisticated banks — which often lack thentigaéive resources of their more complex peersly- r

8 Knowing the accurate levels of economic capitatritical for banks as it is used to better underdtthe level of bank sol-
vency. Economic capital is crucial for banks' sigi¢ decision-making processes as it provides imion on issues such
guantitative risk reward trade-offs and where rskigating investments are needed. Banks furthermedyeon accurate levels
of economic capital to make better pricing decisi¢e.g. for credit securities in their trading bpokccurate levels of eco-
nomic capital also facilitate better understandifigelative returns on risks across banks and stpportfolio optimisation by
providing a good understanding of the combinatiohieturn for risk across different business linéisally, economic capital
is important for investment assessment used wheéng@ecisions about new investments. When a bankiders investment
opportunities it must not only look at the retumtbe investment, but also the risk adjusted rethith can be determined by
empirical economic capital (Lang, 2009).



heavily on Basel Il for guidance on the estimatidreconomic capital. Economic capital differs from
regulatory capital as the latter refers to the mumn capital required by the regulator to maintairade-
guate level of liquidity based on the bank’s expesuln this studyegulatory capitalrefers to the capital
charges stated by Basel Il (Elizalde and Repuld§421)?

Banks and regulators are continuously working togieto improve international convergence of these
two concepts (a principal Basel Il aim). In partaoy numerous discussions preceding the publicaifon
Basel Il have highlighted the objective of bringirgulatory capital closer to economic capital {&lie
and Repullo, 2004:1).

From a theoretical perspective, economic capitakdmt receive as much attention in the literahgréne
extensive regulatory capital processes and regeinesn By definition, the determination of economic
capital is proprietary: banks are understandabWyilling to share processes, procedures and methedol
gies that may provide them with a competitive edijee BCBS (2009a:5) clearly acknowledges eco-
nomic capital’ and notes that economic capital modelling continieegvolve. There are significant
methodological, implementation and business chgélerwhich are associated with the application of
economic capital in banks. This is particularlyetiieconomic capital measures are to be usedfer-i

nal assessments of capital adequacy. Banks areragenl to address economic capital issues be explor
ing methodologies to improve the overall architeetaf economic capital modelling and to the underly
ing building blocks (BCBS, 2009a:5). However, exhough the BCBS recognises and encourages the
development of economic capital, banks are stduneed to calculate their capital based on Basel Il

hence regulatory capital.

There are generally two sets of motivations fortehpegulation in banks. Firstly, these regulasigmo-

tect bank customers from exploitation by estabtigrsounder and better-informed financial institasio
(Saidenberg and Schuermann, 2003:1). For banksrh#s that clients’ savings and investments must
be protected from losses. Secondly, systemic sskinimised. Banks are often considered a source of
systemic risk because of their central role inrrial intermediation. The Reserve Bank of Australia

(2001:1) defines systematic risk as:

The risk that the failure of one participant iniaancial system, to meet its required obli-
gations when due will cause other participants ioamcial institutions to be unable to

meet their obligations (including settlement obligas in a transfer system) when due.
Such a failure may cause significant liquidity @edit problems and, as a result, might
threaten the stability of financial markets.

° The onset of the credit crisis (which began in80tas focussed attention on bank’s economic dapite computation of risk
capital based on a comprehensive and all-inclusiyggoach is critical, not only for the recoveryipdrwhich will follow the
crisis, but also to ensure sustained levels ohfife stability (Morrison, 2009:1).

10 The BCBS (2009a:1) defines economic capital as: Tathads or practices that allow banks to consistexgbess risk and
attribute capital to cover the economic effectsigk-taking activities. Economic capital was origily developed by banks as a
tool for capital allocation and performance assesgnfor these purposes, economic capital measussy need to reliably
and accurately measure risks in a relative senigie legs importance attached to the measuremeheajverall level of risk or
capital. Over time, the use of economic capitallbeen extended to applications that require acguraestimation of the level
of capital (or risk), such as the quantificationtloé absolute level of internal capital needed lipaak. This evolution in the
use of economic capital has been driven by botrriad capital management needs of banks and regglattiatives, and has
been facilitated by advances in risk quantificatioethodologies and the supporting technologicaastfucture.
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Banks are, amongst others, the providers of liggidiredit and several types of other financiavsess.
These important contributions make banks the mmgrtant financial intermediaries in virtually all
economies. The hard work conducted by the intesnaticommunity to adopt global capital standards is

motivated by the important role bank capital playglobal banking soundness (Santos, 2001:3).

Three essential role-players regulate global baaptal. These are: The Bank for International Settl
ments (BIS), The Basel Committee on Banking Sugemi (BCBS) and the documentiternational
Convergence of Capital Measurement and Capital @&teds (referred to as "Basel II" in this study).
These are discussed in this chapter in order taigea better understanding of global bank capéagu-
lation. This theoretical overview is required by tinancial community to eventually have betteighs
into the calculation methodologies introduced iis $tudy which will enable any bank to calculati fa

levels of economic capital for credit and marksk fiand the main goal of this study).

The BIS acts as a global regulatory entity. Itifalthis role of international risk regulating fhizitor
through several representative bodies or commitkéiiasthe main body (with reference to capital rfegu
tion) being the BCBS. The BCBS is the second mmgtortant global role-player in the regulation of
capital. The BCBS has producéder alia two unique documents or accords, known in the gtagk
Basel | and II. In 1988, the original Basel AccdBhsel |) was produced and was eventually replaged
Basel Il (also named thiaternational Convergence of Capital Measuremend &apital Standards: a
Revised FrameworlBCBS, 2006a:1)) in 2008. These accords have bégelywconsulted, actively re-

vised updated and amended and may be thoughttioé asost important tool in global capital regulatio

2.2 Chapter layout

This chapter comprises two parts. Firstly the thhade-players (the BIS, the BCBS and the Basel Ac-
cords) are discussed more thoroughly. In this disiom, the focus is on the historic developmerid, a

the functioning and the status quo of these radgqais in the process of global capital regulations.

The second part focuses on Basel Il which currgiiMyvember 2009) serves as a guide to local regula-
tors worldwide. Specific reference is made to depelents and revisions since the publication of Blase
Basel Il is also discussed — along with the thrdargramework of which it comprises. Under thesfi
pillar, credit, operational and market risk areaduced. The second and third pillars are alsoudiszd
here. Since the latest (2006) version of Basaliisrinto many hundreds of pages, this chapter does

aim at providing a detailed discussion of Baseblit rather a summary of the main ideas.

2.3 Three essential role-players in global capital redgation

A discussion regarding the three role-players enptocess of global capital regulations follows.
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2.3.1 The Bank for International Settlement (BIS)

The historical development of the BIS and the Bi%ia organisation are detailed in this section.

2.3.1.1 Historical development of the BIS

The original negotiations that would lead to thenfation of the BIS began in 1929. Members from Bel-
gium, France, Germany, Great Britain, Italy, Japad the United States developed a framework tatassi
in German war reparations. This work eventually tiedhe creation of the BIS (Fratianni and Pattjson
1999:7). War reparations were, however, not the saitive as the BIS was also designed to address th
threatening failure of capital markets at the efthe 19209Simmons, 1993:401). Central bankers also
began to realise that a central financial institutivas necessary to avoid future financial criSegh an
institution would serve as a coordinator of cenliahkers and financial regulatory authorities (Eefsld

and Bilali, 2004:14). On January 20, 1930 the BEsviormally constituted at the Hague Conference and

it began its activities in Basel, Switzerland whttre headquarters were established. (Scheller,: 209%

The BIS had the responsibility to collect, admirgitd and distribute annuities payable by Germariiido
victorious allied nations for reparations after tr. This function had previously been performgdhz
Agent General for Reparations in Berlin, Germanyiclwhno longer existed (Felsenfeld and Bilali,
2004:13).

Another responsibility of the BIS was to improvéeimational financial cooperation among global fina
cial parties. It also had to nurture public senhinef resistance against the disturbance of harmony
However, the BIS did not intend to have superidgharity over central banks and therefore did nateha
and still does not have, any legal or politicalhauity (Felsenfeld and Bilali, 2004:3). As a resofitthe
declining economic situation in Europe during ti@80s, further BIS initiatives were hampered. Euro-
pean activities were temporarily suspended durirgl&WVar Il and the BIS could only operate in Basel
Switzerland. In 1944 the Bretton Woods Conferesogported by the US government requested the lig-
uidation of the BIS (Felsenfeld and Bilali, 2004:5his was motivated by accusations of gold lauimder
by the BIS, allegedly stolen by the Nazi’'s from wgied Europe. This resolution, however, was never
passed as the BIS nearly instantly assumed anrahtege in the international payment systems i@ th

post-war era, helping the European currenciesstore convertibility (BIS, 2009a).

In the years that followed World War IlI, the BlScissed on monetary policy cooperation among its
member countries. Furthermore the BIS also hadtagtal role in implementing and defending the Bret
ton Woods systeth In the early 1970’s, however, the Bretton Woogstem collapsed. This was the
main result of a fixed exchange system that faitedccommodate the needs of international trade (Ei

chengreen, 2004:6). This was replaced by a systawik as thananaged floatingystem which recog-

1 The Bretton Woods system refers to an internatiovmietary system used from 1946-1973 where the\afithe dollar was
fixed in terms of gold. All other countries heldthcurrencies at a fixed exchange rate againsddoliar. When trade deficits
occurred, the central bank of the deficit counimaficed the shortfall with its reserves of inteioradl currencies (The Founda-
tion for American Communications, 2002).
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nised acceptable exchange rates, but also alldveidftexibility within specified parameters (Fetdeld
and Bilali, 2004:7).

During the 1970s and 1980s the BIS was primarilyvacin the management of cross-border capital
flows as a result of the oil and international detisis. The turbulent financial situation in th@70s re-
sulted in the development of the regulatory sugérai concept. This would be developed during thé ne

few years and implemented by internationally ackaeks (BIS, 2009a).

In 1974 the BIS started an initiative that woulcetwally be seen as its most significant contrdyuto
ensure international bank risk capital regulatibime BIS and central bank governors of the Groupesf
countries formed a working group in SwitzerlandisTiwould result in the formation of the BCBS (Fel-
senfeld and Bilali, 2004:8). The BCBS — and itdwati¢s since 1974 — are discussed later in thipodr.

2.3.1.2 The BIS as an organisation

Established on 17 May 1930, the BIS operates asvirtl's oldest international financial organisatio
(Felsenfeld and Bilali, 2004:12). Since then, glot@operation between central banks has taken place
through regular meetings by central bank goveraars other experts involved in central bank business
Meetings still take place in Basel, Switzerlance(tiead office of the BIS). The BIS also has twaeep
sentative offices in Hong Kong and Mexico City (EB1806:155).

The activities of the BIS can be divided into thte®ad categories namely (Fratianni and Pattison,
1999:12):

= international monetary and financial cooperation,
= agent and trustee assistance to central banks and
= financial assistance to central banks.

In its latest annual report, the BIS reported thatts as an international organisation, fostenmegrna-
tional monetary and financial cooperation. The BIS serves as bank for central banknd it attempts
to maintain international representation. As a ltesuemploys 570 staff members from 53 different
countries (BIS, 2009a).

According to the BIS (2006:155) it fulfils its maaieé through the following:

= by acting as a forum to promote dialogue and tatdithe process of making decisions among central

banks and other authorities involved in financtabdity,

= by serving as source of economic and monetary reseghich makes significant contributions by
collecting and distributing economic and finanadtistics. As a result, more than 100 documents
which provide guidance on a diverse series of sig@ny topics are available on the BIS website
(BIS, 2009b),

= to act as a major counterparty for central bankkeir financial transactions and
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= to serve as a trustee or agent in the engageménteafational financial operations.

The BIS provides the secretariat for various conaag and organisations that seek to promote fiahnci
stability (Yoshikuni, 2002:2) and it is these Babaked committees which also serve as forums which

collectively form the Basel process.

2.3.2 Basel Committee on Banking Supervision (BCBS)

The second role-player in the process of globaitalgegulations is the BCBS which is discussedehky
amining the following aspects: the Basel process, History of the BCBS and a detailed look at the

BCBS as an organisation.

2.3.2.1 Basel process

The integration of domestic financial markets, tatpry authorities and central banks is a direstiiteof
globalisation. This inevitable process requirebective system to coordinate and standardisdgpart
pants’ activities (Bieri, 2004:4). A global frametkdor harmonising processes and standards has-ther
fore been developed into what is known as the Bpsmiess (Yoshikuni, 2002:4) which may be de-
scribed as a collection of supervisory and regwaitaitiatives that provide global guidance in toem

of different committees based in Basel (Bieri, 2@)4These committees play an integral role in ngu
better financial stability as they serve as a uaiglatform for discussion. Discussions are focusedur-

rent sources of concern or threats to global firrstability (Bieri, 2004:12).

Each of the four main Basel committees have th&ir secretariat (Yoshikuni, 2002:5). The responisibil
ties and activities of the four different committe@nd their secretariats are well defined and 8pdci
The secretariats have the task of providing releaad unbiased expert analysis. The four committees

are:

i. the Basel Committee on Banking Supervision (BCB8)ctv deals with commercial banks and

specifically capital regulation,

i. the Committee on the Global Financial System (CGK&Eh is responsible for the functioning

of foreign exchange and financial markets issuésriB004:5),

iii. the Committee on Payment and Settlement SystenSSL&nd is involved in market infrastruc-
ture issues such as the development of cross-bartkdomestic payment, settlement and clear-

ing systems (Bieri, 2004:6) and

iv.  the International Association of Insurance SupengglAlS) which is responsible for regulations

and supervision in the insurance sector (Yoshikeoi2:4).

Yoshikuni (2002:5) summarises the purpose of theeBRrocess as follows:
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The Basel Process provides the international fitelncommunity with the opportunity to
explore good governance in various regulatory angesvisory issues in forums that allow
a frank exchange of views with the support of lyiglalphisticated analysis.

The most important component of the Basel Procetsei process of establishing and monitoring chpita
regulations in banks. This is accomplished by imp@ating and monitoring Basel | and 1l (these public
tions are discussed later in this chapter). The 8@&the most important and influential committeehie

Basel process (Bieri, 2004:5).

2.3.2.2 The history of the BCBS

In Junel974 Bankhaus Herstatt, a small bank in West Germiaag,its banking licence withdrawn after
a series of losses. The banknainly active in foreign exchange dealings — $@tl$620 million of for-
eign exchange trades unsettlég a result, the aunterparties involved attempted to collect thait-o
standing currency without success, hence forcingrsé parties to defau(tyoshikuni, 2002:6). This se-
ries of events resulted in the establishnterthe Basel Committee on Banking Supervisaithe end of
1974 (BIS, 2001:1)The main aim of this initiative was to preventepetition of Bankhaus Herstatt by
establishingnternational cooperation between bank regulafbine. aim was to bridge gaps in bank su-
pervision internationally. Furthermore the BCBS taimprove the mutual understanding and the qualit
of bank supervision by encouragintational regulators to work together (Fratiannid aRattison,
1999:19). The BCBS%vas originally established by the central-bank Goees of the Group of Ten coun-
tries as the Committee on Banking Regulations amk&isory Practices. Since February 1975 the body
has held meetings three or four times per annuig,(B009c:1)Over the past three decades this resulted
in the formulation and promotion of sound supemysstandards for banks worldwide through its most

influential publications, Basel | and Il (Esterhaps 2003:18).

2.3.2.3 About the BCBS as an organisation

The BCBS today consists of supervisory represemtstirom Belgium, Canada, France, Germany, Italy,
Japan, Luxemburg, the Netherlands, Spain, Switzérl&nited Kingdom and the United States (BIS,
2009a) At their meetings the central bankers are acconepioy officials from government agencies that
are responsible for prudential bank supervisionreftleis is not the responsibility by the countriesh-
tral bank(Fratianni and Pattiso1999:18).

The BIS’ annual financial statements are approvetidecisions taken other related business issubs at
Annual General Meeting (AGM). At the time of writi{November 2009), 55 institutions have rights of
voting and representation at General Meetings wimicludes the central banks or monetary authoriifes
Algeria, Argentina, Australia, Austria, Belgium, 8ta and Herzegovina, Brazil, Bulgaria, Canada,
Chile, China, Croatia, the Czech Republic, Denm&stpnia, Finland, France, Germany, Greece, Hong

Kong SAR, Hungary, Iceland, India, Indonesia, Inelalsrael, Italy, Japan, Korea, Latvia, Lithuarie
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Republic of Macedonia, Malaysia, Mexico, the Neldmeds, New Zealand, Norway, the Philippines, Po-
land, Portugal, Romania, Russia, Saudi Arabia, &oge, Slovakia, Slovenia, South Africa, Spain, Swe
den, Switzerland, Thailand, Turkey, the United Kiom and the United States, plus the European Cen-
tral Bank (BIS, 2009a).

During its existence the BCBS has had chairmen fdifferent regions such as the United Kingdom,
United States, ltaly, Spain and the Netherlandsredtly (2009) it is chaired by Guillermo Ortiz,eth
Governor of the Bank of Mexico (BIS, 2009d).

Since the formation of the committee the primarjeotive remained the followingthe improvement of
supervisory understanding and the quality of baglsopervision worldwidéBIS, 2001:1). This objec-
tive is addressed using three principal approadfiestly by exchanging information on national stype
sory arrangements, secondly by improving the dffeoess of techniques for supervising international
banking business and finally by setting minimumesufsory standards in the areas they are considered
relevant (BIS, 2007:1).

The BCBS reports to central bank governors of tleenbrer countries and seeks their approval for its
main initiatives (BIS, 2007:1). The findings anccid@ns of the BCBS do not possess any formal supra
national supervisory authority. This was, howevaver the intention. In the expectation that irdiil
authorities will implement detailed arrangementstseiited to their own national systems, the cotesmit
formulates general guidelines and supervisory statsd(BIS, 2001:1). The result of its activitiesi-ul
mately became recognised when the 1988 Accord dast@d by over 100 countrieSratianni and Patti-
son, 19921). In October 2006, the BCBS reorganised itsvdiets to function under four main sub-

committees with the following functions:

= the Accord Implementation Group (AIG) which shargsrmation and promotes consistency in im-

plementation of Basel II,

= the Policy Development Group (PDG) whose main dhjeds to identify and review emerging su-

pervisory issues,

= the Accounting Task Force (ATF) which strives tompte sound risk management at financial in-
stitutions by promoting more sound and transpargretnational accounting and auditing standards

and

= the International Liaison Group (ILG) which senasa forum for strengthening the BCBS's rela-

tionship with supervisors worldwide (BIS, 2009a).
De Swaan (1997:2) describes the BCBS as follows:

The BCBS has evolved into a rule-making body, whtasalards and recommendations
are recognised and implemented in legislation ghodal scale.

The BCBS formulated the Basel | and Il accords) aedferred to as the Capital Accords.
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2.3.3 The Capital Accords

The last of the role-layers are the Basel | an(CHpital) accords. The following aspects are exguor
historical development, Basel | (1988), the 199@@adments to Basel | and finally Basel Il (2008).

2.3.3.1 Historical development of the Capital Accords

The most prominent aspects in banking regulati@enthe rules pertaining to banking capital (Santos,
2001:3). The following factors led to the procdsat tultimately resulted in rules pertaining to biagk
capital called the Capital Accords (Saayman, 20082:1

= expansion of international bank operations,

= increased levels of competition between banks amnebank financial intermediaries,
= deterioration of the asset quality,

= increased product innovations and

= asequence of international bank crises or scandals

Even though the BCBS's focus in the 1970s and 1988s mainly on managing cross-border capital
flows as a result of the oil crises and the glatett crisis, the 1970s financial catastrophes daike
matter of regulatory supervision of internationallgtive banks which led to the Capital Accords &Der
2005).

Figure 2.1 illustrates the development of thisuefitial framework for international regulatory snpe

sion and effective bank risk management.
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Figure 2.1: Historical development of the Basel étds

1974 41 BCBS officially formed by the G10

1988 <« Original Basel Accord (Basel I)

1992 4 Basel lbecomes effective

1996 €« Amendmentto Accord to accommodate Market Risk
1997 € 1996 Amendment becomes effective

1999 «¢» Consultative Package 1 (CP1) as proposal for new framew ork
2001 4P Consultative Package 2 (CP2)

2003 «4fp Consultative Package 3 (CP3)

2003 (o4 New Basel Capital Accord (Basel Il

2005 <P Trading book review and double default

2006 <«Pp> Baselll- Comprehensive Version published

End 2006@» Implementation: Simpler methods

2007 4P Baselllbecomes effective

End 200749 Implementations: Advanced methods

2010 <r End of transition period

Source: Compiled by the author

2.3.3.2 Basel | introduced as the first Basel Accord

Basel | was published in July 1988 and was theltre§several years of work by the BCBS to implemen
international convergence of supervisory regulaidrhis was specifically aimed at governing theitehp
adequacy of international banks. The frameworkosgtthe details for measuring capital adequacy and
the minimum standards to be achieved by countfies.framework was endorsed by the Group of Ten
central bank Governors and the BCBS intended tlitede and encourage the implementation of Basel |

in the different countries by the local bankingremities (Altman and Saunders, 2001:1).

The Basel Accord served the purpose of measuringshaisk levels. The highest level of risk in anka
was then identified as the process of providing$od he Basel framework therefore required a minimu
capital standard of 8% to be adopted by compliamkb!? The finalisation of the Basel Accord in 1988

was history in the making as it was the first intgional accord of its kind (Jacobsohn, 2004:2).

12 Banks should hold aside total capital equal torimmim of 8% of their total risk-weighted assets (IBA005:5)

17



2.3.3.3 The 1996 Amendments to Basel |

At the end of 1991 the original Accord was amenidedhe first time. This was expected as it wasemev
intended to be a static document. General prowssieere included in the calculation of capital adeyu
In 1995 the BCBS furthermore acknowledged the &gfetbilateral netting of banks' credit risk expies
and in April 1996 the effects of multilateral negiwas defined in more detail (BIS, 2007:7).

The BCBS initiated the groundwork to improve thanfiework by addressing risks other than credit risk.
Market risk was addressed for the first time in3.88d this led to the committee’s third influenpaibli-

cation in 1996 titled thAmendments to the capital accord to incorporatekearisk(Styger, 1998).

The newly defined market risk was a result of banken positions in foreign exchange, traded debt s
curities, traded equities, commaodities and denresti(Santos, 2001:3). Similarly to credit risk, tagital

requirements for market risk were to apply on aldwide consolidated basis (BCBS, 2005a:2).

Banks were at first very critical about this be@abthe insufficient risk assessment methods alvkglat
the time (Janson, 2003:20). This, however, imprawetthe years that followed. The elements of market

risk are discussed in more detail in Section 2.7.

2.3.3.4 Basel Il replaces Basel |

In order to further strengthen the soundness atility of the international banking system aftee im-
portant amendment of 1996, the BCBS developed eepsoto establish more risk-sensitive capital re-

quirements. Therefore Basel | required furthergiewi.

This publication represented a process of almosyears of challenging inputs. During that time the
BCBS engaged in extensive consultation with all fencountries as proposals were also circulated to
supervisory authorities, banking and other indugtoups in order to develop a more risk-sensitagi-c

tal requirement framework which would also be cqteally sound (BIS, 2007:3). The BCBS formulated
the first proposals for consultation in January@6d a second in April 2003. The BCBS also coretlict
three quantitative impact studies (related to itppsals) from which several important improvements
were made. The current framework was eventuallgedyupon by all its members in 2004. Basel Il and
the standard it contains have also been endorsedeb@€entral Bank Governors and Heads of Banking
Supervision of the Group of Ten countries (BCB)&101).

The framework explains the details for measuringtehadequacy as well as minimum supervisory stan-
dards that ought to be complied with. In the défd@rcountries involved, the national supervisorhati-

ties represented of the BCBS is responsible foeBa their local markets.
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Basel Il has been designed to provide a more fahhmsoking approach to capital adequacy supervision
This framework should therefore have the capaaitgidvelop in future to remain relevant. This flégib
characteristic will enable the framework to stayline with market developments and advances in risk
management practices (BCBS, 2006a:4). AlthoughBGBS’s proposals have evolved significantly in

the past, the fundamental objectives and the thiltsg-approach remain constant at the time ofingit

Basel Il is a much more complicated and bettemaeffiframework than the one it replaced. The next se

tion focuses on the fundamentals of Basel Il.

2.4 The Basel Il Accord

Basel Il introduces a far more comprehensive fraor&wior regulatory capital
and Risk Management than we have ever knfiamenos, 2007:2)

2.4.1 Introduction to the 3 pillar approach

The Basel Il framework is designed to permit a nraale sensitive and compre
hensive coverage of banking risks. It consisthiae complementary and mutu-
ally reinforcing pillars (Thoraval, 2006:68)

The main features of Basel Il — acceptediune 2004 — include:

« Basel Il capital charges focus on the quality cfeds and banks are permitted to choose an ap-

proach from among several acceptable approachéd, @097:2)
» Basel Il aligns risk and capital requirements neffectively than Basel | (IBM, 2005:5) and

» the three pillar approach to capital adequacy wiscteen as the backbone of Basel Il (Saiden-
berg and Schuermann, 2003:5).

Figure 2.2 summarises the pillars.
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Figure 2.2: The different elements in the 3 Pillaf8Basel Il

Calculation of three

risk types:
1. Market 1. Adequate Capital
. 2. Sound Supervisory Disclosure of Risk and
2. Credit . . . .
review practice Risk practices

3. Improvement of Risk
Management techniques

Source: BCBS (2004:2)

3. Operational

The first pillar stipulates the minimum capital vég@ments to be held by banks and is designedgoren
that banks hold adequate capital to support riskerent in their business. Under Pillar 1, thedatgon
of the capital requirements covers credit, market@perational risks (Varghese, 2005:3).

Pillar 2 is concerned with the supervisory evalatdf risks not captured in Pillar 1. These incluide
terest rate risk in the banking book, concentratisk, liquidity risk, settlement risk, reputatioisk and
strategic risk (Kaufman, 2003:7). These risks tende more subject to interpretation by local raturis
and are therefore less likely to lend themselveguantitative measurement (CEBS, 2005:21). Local
regulators are expected to assess how well ban&suretheir capital needs relative to the riskg thee

and are expected to intervene where they congidepropriate to do so (Kaufman, 2003:7).

Pillar 3 embraces market discipline — or marketldisure — which should contribute to the creatiébn o
sound information standards among all market ppdids. Pillar 3 focuses on such aspects as thig pub
cation of information on a bank’s capital adequaoy its risk profile(Oesterreichische Nationalbank,

2007).

Figure 2.3 is used throughout the chapter to inditze relevant section focus. This figure is useiddi-

cate the discussion progress.
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Figure 2.3: Structure of the Basel Il discussion

PILLAR 1 PILLAR 2 PILLAR 3

Credit Risk

Operational Risk

Market risk

Source: Compiled by the author.
As the main goal of this study is to determine dhmeéology to estimate tHair level of economic capital
for credit and market risk (covered under Pillairlgommercial banks, the literature covering these
quirements needs to be understood. Even thouglcalaiion methodology to estimate the fair level of
economic capital for operational risk will not bevered in this study, it is nevertheless discussed
completeness. This is also true for Pillar 2 aweh&h will not be used in the capital calculatioethmod-

ology, but is introduced as part of the literatsiedy.

2.4.2 Pillar 1

The most important pillar, Pillar 1, consists ofmmum capital requirements
that is, the rules by which a bank calculates #pital ratio and by which its su-
pervisor assesses whether it is in compliance thighminimum capital threshol
(Ferguson, 2003).

o

Critical elements that need to be understood vegipect to Pillar 1 are: the calculation and dediniof
capital requirements, defining capital, the basitgapital adequacy and the approaches to caloglati
risk under Pillar 1 (Mars, 2008). These elemenésadso crucial as the calculation methodologie®int

duced in this study are based on the principlesegadirements of Pillar 1.

2.4.2.1 Calculation and definition of capital requirements

Banks take risks by investing third party deposgite loans which might not be repaid. The depositor
however, generally expect to receive back theiodiépBanks therefore need capital to protect diémss
from losses when the quality of an asset detegsrdBanks hold capital as a buffer in order to quit

depositors and other creditors against these |§b&as, 2008).

2.4.2.2 Defining capital

Since many definitions of capital exist, the BCB&/eloped standard definitions for different typdés o
capital known as Tier I, Il and Tier lll capitalh@& different tier categories indicate the qualityeach

instrument. Tier | instruments (which include penmat capital, paid-up share capital and disclosed r
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serves (Chaudhamt al, 2005)) have the highest quality. Tier Il capitefers to supplementary capital
(and includes undisclosed reserves, general pomgsiasset revaluation reserves, hybrid capitétuns
ments and subordinated debt) and Tier Il capitdii¢h includes short-term subordinated debt and is

only affected by market risk (Zaher, 2007) is rederred to as frequently in Basel Il as the othest

2.4.2.3 The basicsof capital adequacy

The key concept of capital adequacy is that bankst maintain capital at a level that reflects tis& r
contained in their balance sheet assets. Bas@nBiders three separate components when refewing t
capital adequacy: the capital ratio, risk-weightsdets (RWA) and the capital base. ahks risk-based
capital ratio under Basel Il (similar to Basel Bsha numerator representing the capital availabtbd
bank (capital base). It also has a denominatorrttestsures the risks faced by the bank, referred the
RWA (Ferguson, 2003).

Capitalbase

Capitalratio = — -
Risk weigltedassets

(2.1)

Where:

= the capital ratiois the relationship between RWA and the capitakbasd is calculated using the
definition of regulatory capital and risk-weightasssets. The total capital ratio must be larger 8%n
(BCBS, 2006a:12),

= risk-weightedassetsare calculated by multiplying the value of eacheagstegory by a conversion
factor. The different conversion factors refleat tisk attached to that category of assets. Thaucal
lated values of the different asset categoriesttagn added together. In practice this means cash is

risk-free and is assigned a conversion factor of @dars, 2008), and

= thecapital basewhichrefers to the different tiers of capital develofpydhe BCBS. These tiers indi-
cate the quality of each instrument (The FederaeRe Board (FED), 2006a).

2.4.2.4 Approaches to calculating risk in Pillar 1

Basel Il requires banks to calculate capital rezyuints for exposure to credit, operational and etark
risk. Pillar 1 therefore provides banks with difet approaches with different degreesamplexity and
flexibility to calculate the capital requirements for theseglifferent risks. The different approaches are

discussed next.
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2.4.2.5 Pillar 1 — Credit Risk: Standardised Approach

(@)

The standardised approach is the simplest of tmeetlbroad approaches t
creditrisk (BCBS, 2001b:1).

The first area of the Pillar 1 to be explored is 8tandardised Approach (SA) for credit risk (ifiated in
Figure 2.4 below).

Figure 2.4: Structure of the Basel Il discussiotartslardised approach for credit risk

PILLAR 1 PILLAR 2 PILLAR 3

Credit Risk

Standardised Approach

Operational Risk

Market risk

With the revision of Basel |, the BCBS realisedtthdalance between accuracy and simplicity neéaled
be achieved. As with market risk, the BCBS propasednge of approaches for banks to calculate tcredi
risk. By so doing, the BCBS opted to achieve amnogdtbalance between simplicity and accuracy among
different banks. This implies that banks shoulctehte regulatory capital in such a way that itthes

flects the position of their risk measurement armthagement practices (BCBS, 2001a:1).

The SA is the simplest approach and relies entalthe use of external ratings. The BCBS, howaler,
not see this as the perfect solution as banks ghmobw their borrowers better than rating agencies.
However, where external ratings exist and bankshateable to develop internal ratings, these esfern
ratings provide a more accurate differentiatiorrisks. The other two approaches namedhRgundation
Internal Ratings Based approadkIRB) and theAdvanced Internal Ratings Based approd£hRB)
(which is discussed later in this chaptar® based on banks’ internal rating systems. Tinelkiity, cost

and compatibility of the SA makes it one of the tatractive approaches to credit risk assessment
(Nouy, 2003:6). Since 2003, the number of Basel gimnt banks increased and the SA has been fa-

voured as the compliance process is complex anthea@xtremely expensive (Beaton, 2007)

The BCBS (2001a:1) furthermore describes the SAnaapproach that aligns regulatory capital require-
ments more directly with the key elements of bagkisk. This is achieved by the offering more daeer
risk weights and also a wider recognition of creidik mitigation techniques. When compared withdtas

l, the SA in Basel Il produces capital ratios taet more in line with the actual economic risksethby

banks. The current SA, therefore, should improeeimives for banks to improve their risk measurégmen
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and management capabilities and should furthermedtace the incentives for regulatory capital arbi-
trage® (BCBS, 2001a:1).

Banks are required to group all credit risks in®ekposure classes when using the SA. The required
capital for each class is determined by a risk ie{@mith and Kaveripatnam, 2005:49). In the cdse o
sovereign, bank and corporate exposures, the @sghis are assigned to the credit rating of theetdyd

ing asset as decided by an External Credit Assegdm&itution (ECAI).

The following sections explain the SA for credikriin Pillar 1 in more detail by examining diffeten

types of asset classes and some implementatioesigesyperienced in the SA.

2.4.2.5.1 Asset classes

In contrast with Basel I, the SA recognises moseaslasses in Basel Il. Furthermore, the link to
external credit ratings results in weights thatngfain line with credit risk (Smith and Kaveripat-

nam, 2005:49)Another difference from Basel | is thatal regulators have discretionary options
for categorising asset classes and applying risghv® The applicable rules should, therefore, be

properly communicated and well understood by lbealks using the SA (Mars, 2008).

The SA increases the risk sensitivity by recogigighe individual classes for counterparties. This

is done as entirely different risks may exist witkimilar loan categories (Walsh, 2003:1).
The BCBS (2006a:19) identifies individual claims on

= sovereigns (Basel Il paragraph 50-56)

= non-central government public sector entities (A$Basel 1l paragraph 57-58)
= multilateral development banks (MDBSs) (Basel llggraph 59)

= banks (Basel Il paragraph 60-64)

= securities firms (Basel Il paragraph 65)

= corporates (Basel Il paragraph 66-68)

= those included in the regulatory retail portfol{@asel Il paragraph 69-71)

= those secured by residential property (Basel lhgaph 72-73)

= those secured by commercial real estate (Basar#graph 74)

= past due loans (Basel Il paragraph 75-78)

= higher-risk categories (Basel Il paragraph 79-80)

other assets (Basel Il paragraph 81) and

BRegulatory capital arbitrage is the practice ofrigkhdvantage of the regulatory framework to redhedevel of capital re-
quired according to regulators (Mars, 2008).
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= off-balance sheet items (Basel Il paragraph 82-89)

2.4.2.5.2 Implementation of the SA

The SA can be summarised as an approach basedeirofdefined categories and external rat-
ings. Banks must map this framework across thein bwsiness. Each individual risk exposure
must be assigned to one of the 13 classes of dhdhviclaims in Basel 1l. A risk weight is then
calculated by applying external credit rating tateask exposure (Basel Il paragraph 90-91). By
employing these two important elements (a set @ihelé categories and external ratings), the re-
quired capital may be calculated under the supervisf local regulators. Even though local
regulators are interested in the correct capitplré, the methods used (to calculate capital) by

banks under their supervision are equally import&ntith and Kaveripatnam, 2005:49).

For the first time, vast numbers of smaller banies wsing risk sensitive capital calculations by
adopting the improved SA as prescribed by Bas@lé of Man Financial Supervision Commis-
sion, 2006:13). However, more sophisticated baaksly use the simplified SA opting instead
for more advanced approaches (which usually (but alovays) results in reduced capital

charges). These are discussed in the next section.

2.4.2.6 Pillar 1 — Credit Risk: Internal Ratings Based Approach

The SA — discussed in the previous section — isstimplest approach for calculating minimum capital
requirements and mostly used by smaller, less sbphied banks (BCBS, 2001a:1) this section, a
more advanced approach is introduced, the Intétathgs Based Approach (IRB) as illustrated in Fegu
2.5 below.

Figure 2.5: Structure of the Basel Il discussioRBl approach for credit risk

PILLAR 1 PILLAR 2 PILLAR 3

Credit Risk

Internal Ratings based

Operational Risk

Market risk

Banks qualify for the IRB approach if they meettagr minimum conditions and disclosure requirements

prescribed by Basel Il. These banks should alse ltiagir systems for risk assessment evaluated @nd a
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proved by local regulators. This means that theyadlowed to use their own internal estimates terde
mine certain risk exposures which are needed toutzk the minimum capital requirements for credit
risk (BCBS, 2006a:52). The risk exposures requingthe BCBS are the probability of default (PDe t
loss given default (LGD), the exposure at defabAD), and the effective maturity (M). In the IRB-ap
proach the categorisation of exposures into diffeesset classes is the responsibility of banksrival

risk assessors (Jackson, 2001:56). FurthermorelRBeapproach is based on measures of unexpected
losses (UL) and expected losses (EL) which areudid later in this chapter as part of the IRB @gogir
(BCBS, 2004:48).

2.4.2.6.1 Asset classes

Similar to the SA, the IRB also uses asset clagedifferent risk exposures. Howeven, ¢alcu-
lating capital requirements under the IRB approachek exposures can be divided into five as-
set classes namely: sovereigns, banks, corporated, and equity. For the corporate asset class
Basel Il identified five separate sub-classes etidised lending. For the retail asset classgthre
sub-classes are separately identified. Providedctivéain conditions are met, Basel Il also allows
distinct treatment for purchased receivables (BCB®6a: 52). The classification of exposures
in this way is generally consistent with traditibbank practice. However, Basel Il also allows
banks to use different definitions in their intdrnigk management and measurement systems.
Basel Il does not require banks to change the wayhich they manage their risks, but states that
banks are required to apply appropriate treatmemxposures in order to calculate the capital
charge for credit risk. Banks should however be abldemonstrate their methodology to local
regulators (BCBS, 2006a: 52).

The rules and guidance applying to the differerseaglasses are documented in detail in the

Basel Il document and consists of 159 paragrapt4-873).

The next important elements on which the IRB apgida based, UL and EL, are discussed next.

2.4.2.6.2 Expected and unexpected losses

The IRB approach introduces two credit risk consepkpecte@nd unexpected losses. lting-
portant to understand the fundamental differendedsen these two for the calculation of regula-

tory capital.

The European Commission Internal Market (ECIM) 200 definesexpected loss as a statisti-
cally established loss that is expected to occuarmexposure. This is calculated by multiplying
the estimates for the probability of default witte testimates of the loss which will arise should
default occurHowever, unexpected loss refers to a risk greaan the expected losses. Unex-

pected losses arise from uncertainties in the astisnof expected loss (ECIM, 2003:1).
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Bank capital models assume that expected lossesaesed by effective pricing and provisions
(Jackson, 2001:61). Figure 2.6 illustrates the abdlty distribution of potential losses associated

with a specific time horizon, usually one year.

Figure 2.6: Probability distribution of potentiabsses’
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Source: FED (2006b)

Figure 2.6 shows thstatistical mean of the loss distribution — equewalto the loss amount ex-
pected over a specific time horizon. It can alscseen that there is a high probability that ex-

pected losses is relatively low (FED, 2006b).

Banks require sufficient capital to protect themsslagainst losses up to a certain level. This
level is referred to — in statistical terms — as tdonfidence level. A confidence level of 99.9%
has been selected by Basel Il for credit risk Isss®lying that there is a 0.1% chance that losses
will exceed the bank’s capital. Losses greater thiare referred to as catastrophic losses (Van
Vuuren, 2007).

The components of expectadd unexpected loss are discussed individuallizémiext section as
they are used in this study to determine a calicunanethodology to determine a fair level of

economic capital for credit risk.

2.4.2.6.3 Loss components

The calculation of expected loss is based on feyrgarameters which are used to estimate credit
risks under the IRB approach (Saidenberg and Sotarer, 2003:8).

These parameters, defined in Section 2.3.5, ard.BD, EAD and M.

14 The 99.9' percentile is the area to the right of the indidatne, not the line itself.

27



The PD is the probability that a borrower will defaover a one year time horizon. Default oc-
curs when a borrower has not repaid its loan otiiga in full (Oesterreichische Nationalbank,
2007). Basel Il asserts that default has occurrednna borrower is past due more than 90 days
on any material credit obligation. For the caldalatof PD, banks must first assign its borrowers
to risk categories or risk buckets. Each buckeukhoontain customers with the same level of
risk and is usually done using an internal ratiggteam similar in concept to ECAI's explained in
Section 2.4.1. The bank must calculate a PD foh e&& bucket over a one year period (Lloyd,
2001:4).

LGD estimates the impact on the institution of éadied loan and may be considered as the total
loss faced by a bank, net of any recovery the lheskreceived. The recovery can be in the form
of liquidation of collateral or the deficiency jutignts made from foreclosure or bankruptcy ac-
tions. LGD can furthermore simply refer to the tgpercentage of the exposure that is lost
(Featherstonet al,2004:5).

The EAD is the amount the bank has at risk wherldae goes into default. EAD is usually ex-
pressed as a monetary amount comprising the pahoigstanding, unutilised commitment and

any fees or other expenses the bank made in dobiettte default (Featherstoeeal, 2004:5).

A maturity adjustment is usually applied under Adsed IRB which is discussed in a later sec-
tion (Aas, 2005:10).

If a bank has a process for measuring expecteditosdll usually set the margin at the origina-
tion of the loan to cover the expected loss anghounerate the capital held to cover unexpected
losses (Jackson, 2001:61). This means that a dgmesasion raised to cover an expected loss

could also be used to set against unexpected |dssegh Tier 2 capital (Jackson, 2001:61).

2.4.2.6.4 Capital calculating for IRB Approaches

For a given maturity, the above mentioned elemargsused to estimate the EL for the founda-
tion IRB approach (FIRB) and the advanced IRB agphaAIRB) (Schuermann, 2004:3).

2.4.2.6.4.1 The Foundation Internal Ratings Based approach (FIR)

The FIRB allows banks to use their own internaditrask estimates as inputs to determine
the amount of capital needed. Basel Il providesntie¢hodology for calculating the capital
requirements. The methodology comprises four inpihis probability of default (PD), the
loss given default (LGD), the exposure at defabAD) and the effective maturity (M). Of
these parameters, only PD directly characterisesplcific borrower. LGD may also charac-

terise the client, but more directly refers to semiority of debt. EAD and M are pure charac-
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teristics of the current outstanding credit (Phalaisov, 2004:3). The functioning of the FIRB

for calculating minimum capital is elaborated upater in this chapter.

2.4.2.6.4.2 The Advanced Internal Ratings Based approach (AIRB)

The AIRB is similar to the FIRB, but in this appobabanks may use their own internally-
modelled measures for the PD, LGD and EAD inpuék@ and Stoilov, 2005:35). The more
advanced the approach used by a bank to measuiieresk, the more sensitive is the meas-
ure to the amount of risk. It is therefore not plolesto determine whether banks will require
more or less capital under a particular approatiis €an only be determined after the full
details of a bank’s asset collection have beernatiaEgan, 2003)he AIRB is discussed in

more detail in Chapter 3.

The next section continues the exploration of BHg@#illar 1) by examining operational risk.

2.4.2.7 Pillar 1: Operational Risk
This section explores Basel II's (Pillar 1) treatinef operational risk (illustrated in Figure 2.&&w).

Figure 2.7 Structure of the Basel Il discussiorildpil: Operational Risk

PILLAR 1 PILLAR 2 PILLAR 3

Credit Risk

Operational Risk

Market risk

Even though the main goal of this study is to deiee a methodology to estimate the fair level a-ec
nomic capital for credit and market risk in comnigrdanks, operational risk is still explored iristh

chapter as it is part of Pillar 1 investigatedtia titerature study.

In this section operational risk is discussed bstlff exploring its background and definition, fmlled by
sources and classes of operational risk. The wayhich Basel Il deals with operational risk and the
three different approaches for the measuremerttisfrisk are also discussed in this section. Rnilé
qualifying criteria for the above mentioned thrgpmaches and the sound practices for the managemen

and supervision of operational risk are discussed.
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2.4.2.7.1 Background and definition

Addressing the London Credit Risk Modelling Confere in September 1998, W. McDonough,
BCBS chairman and chief executive of the FederaleRe Bank of New York, first introduced
operational risk. At that time the term was onlyokm by a very few delegates (Medova,
2002:2). The BCBS continued to demonstrate incceagerest in operational risk by publishing
a paper entitledOperational Risk Managemeint 1998. The reason for this was that the man-
agement of operational risk became a vital eleroésbund risk management practice in modern
financial system (Hashagen, 2003:9).

Influenced by the expansion and developments afstrgl business practices, the BCBS has rec-
ommended that operational risk must be definedseparate risk category, backed by regulatory
capital (Hashagen, 2003:9). Basel Il specificakdfimes operational risk and requires that banks
reserve capital against risks other than creditraadket for this (Medova, 2002:2). In the Janu-
ary 2001 the BCBS defined operational risk as:

The risk of direct or indirect loss resulting fromadequate or failed internal

processes, people and systems or from externaleven
During the same year the BCBS also included legklin this definition while strategic and re-
putational risks were later excluded (BCBS, 200Ldf®day, the BCBS (2006a:144) use the fol-
lowing definition for minimum capital requiremerfts operational risk worldwide:

Operational risk is defined as the risk of lossutéeg from inadequate or failed

internal processes, people and systems or fromrr@ttevents. This definition in-
cludes legal risk, but excludes strategic and rapanal risk.

2.4.2.7.2 Sources and types of operational risk

The complex nature of operational risk is the resfilthe dynamic risk environment in which
banks operate (Walsh, 2003:3). Operational risksda® occur in a vacuum as losses are never
the result of single failures in a bank. The chadke for operational risk managers is to determine
the contributory factors in an environment in whibRre is interaction between the five key areas
namely: people, processes, systems, businessgstatend the business environment (Walsh,
2003:4-5). The BCBS (2006a:305) also identifiedeseloss event types for operational risk that
banks must consider when managing operationalamskcalculating capital (Basel Il Annex 9).

These are:
i internal fraud,
ii. external fraud,
iii. employment practices and workplace safety
iv. clients, Products and Business Practices and

v. damage to physical assets
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vi.  business disruption and system failures and

vii.  execution, delivery and process management.

2.4.2.7.3 Basel Il deals with operational risk

It is not yet clear how Basel Il deals with thergasing risk faced by banks. The 8% capital ade-
quacy ratio stated by the BCBS in 1988 refers ®rttinimumamount of capital that banks are
required to hold. Basel | and Il require a minimgapital ratio of 8% of risk weighted assets.

However, under Basel Il the method for calculatimg 8% changed (Heinrich, 2006:13).

The new methods under Basel Il result in more sisksitive internal models for banks. This is
the result of the globalisation of financial adyviincreased sophistication of banking business

and best practices developed over time in the grikidustry (Fontnouvellet al, 2005:26).

In Equation 2.1, the factor of 8% is built into Bbs capital charge for credit risk. This is natetr
for market and operational risk so they must betiplidd by 12.5 to scale them back to 1 (since
125% 8% = 100). The simplified calculation for calculating théated 8% is stated below
(Heinrich, 2006:13).

Capital S
CreditRisk +12.5x (MarketRisk + Operation&Risk)

8% 2.2)

Where:
= Capital = Tier 1, 2 and 3 capital

Basel Il provides banks with three options or mdthto determine the capital charges (BCBS,
2006a:144).

2.4.2.7.4 Approaches to calculate operational risk

According to the BCBS (2006a:144) the three metHods a continuum of increasing sophisti-
cation and risk sensitivity. These are: the basdicator approach (BIA), the standardised ap-
proach (SA) and the advanced measurement approdth)( These three approached are sum-

marised next
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2.4.2.7.4.1 The Basic Indicator approach (BIA)

The BIA requires banks to hold a fixed percentaigheir average annual gross income (only
positive income) over the previous three yéamhere are no minimum criteria for a bank to
adopt the BIA (Egan, 2003).

2.4.2.7.4.2 The Standardised approach (SA)

Under the SA approach, banks are required to dithée business activities into eight dif-

ferent business lines. The SA is similar to the Bbcept that banks must calculate the capi-
tal requirement for each different business linerutiplying gross income (average over the
last three positive years) by fixed factors — duteed by Basel Il. These factors reflect the
different risk weightings of business lines. Thata@apital required is the sum of the capital

required for each of the eight business lines (Mad2002:5).

2.4.2.7.4.3 The Advanced Measurement approach (AMA)

The AMA is the most advanced approach available and has no fiapitat calculation
methodology in Basel Il. This approach involves arencomprehensive overview of opera-
tional losses and considers several operationkltyises for each business line (Medova,
2002:5). Under this approach banks are requiraddet specific minimum quantitative and
qualitative requirements. Banks' internal operatiamsk measurement systems are used to
calculatethe amount of capital to be held (Balzarettial 2002:197). The BCBS ruled that,
subjected to certain conditions, the AMA may fadtorisk mitigation, such as insurance

(Egan, 2003).

The BCBS encourages banks to move along the speaifravailable methods or approaches
as they become more sophisticated in their measureai operational risk. Different quali-
fication criteria are laid down by the BCBS (2088t) but local regulators evaluate banks

to determine which of the above discussed threecappes should be implemented.

The next section continues to explore Basel 11 xgneining market risk.

2.4.2.8 Pillar 1: Market Risk

Market risk — illustrated in Figure 2.8 below -discussed in this section.

15 Gross income is defined as net interest income péi non-interest income. This measure shoyldie(igross of any provi-
sions (e.g. for unpaid interest); (ii) be grosopérating expenses, including fees paid to outsagiservice providers; (iii)
exclude realised profits/losses from the sale ofisges in the banking book; and (iv) exclude eatdinary or irregular
items as well as income derived from insurance (BGBB6a: 145).
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Figure 2.8 Structure of the Basel Il discussionldpil: Market Risk

PILLAR 1 PILLAR 2 PILLAR 3
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A background and definition of market risk is pra®el in this section, followed by the differences (
approaches to market risk) between Basel | andihis section concludes with an overview of market
risk measurement approaches as the fundamentedsiused in this section is applied in Chapter 4 to
introduce a calculation methodology which couldused to determine the fair level of market riskiceap
tal.

2.4.2.8.1 Background and definition
Market risk is defined as follows:

The risk of loss on on-balance sheet or off-balasta®et positions arising from fluctua-
tions in market price@Bank of France, 2006:7).

The Austrian Financial Market Authority (2007) (AR defines market risk as thiesk of un-
certainty in the market value of a portfolBank portfolio values may decline in value as ailtes

of unfavourable market price movements. This canltén losses to exposed parties.

Market risk was not originally included in the 19B8&sel | document. The 1996 Amendment of
Basel | introduced short-term subordinated debf{er 3 capital) for covering market risk expo-
sures. In 1996 the Basel framework first requiregi@al charges for market risk (Wong,
2006:12). This amendment permitted banks to use ol internal models for determining the

required capital charge (Applabs, 2007:2).

2.4.2.8.2 From Basel | to Basel Il

The minimum capital requirements remained at 8%isK-weighted assets in Basel Il. The
measurement of market risk also remained largethanged (Applabs, 2007:2) since the basic
concept of market risk has remained the same (AF&@Q7). There were, however, a few
amendments to the Basel | document which appear&hsel Il of which the most significant
was the definition of the trading book (Hollowayda@robler, 2005:152).
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The definition of the bank trading book was imprdve order to be more descriptive on what
should be incorporated in the trading book. Thditg book’s new definition recognises a wider
selection of tradable instruments (Holloway andlgleg 2005:153). The BCBS (2006a:150) de-
fines trading book Basel Il as follows:

A trading book consists of positions in financiadtruments and commodities held

either with trading intent or in order to hedge ethelements of the trading book.

To be eligible for trading book capital treatmefiancial instruments must either

be free of any restrictive covenants on their tiaitity or able to be hedged com-

pletely. In addition, positions should be frequgrthd accurately valued, and the
portfolio should be actively managed.

Holloway and Grobler (2005:154) summarise the neguirements relating to the new definition

of the trading book as follows:
= positions’ intents should initially be identifietearly as being trading or banking book based,

= trading book positions must comply with a well-do@nted trading strategy and thoroughly

defined policies and procedures,

= policies and procedures should be thoroughly ddfimecover the following: positions man-
aged on a trading desk, daily market to marketat&uas, limits structures and procedures,
assessment of parameters, independent price ol position reporting and position

monitoring and

= senior management must be aware of the above meudtielements of the trading book that
are subject to mark to model. This includes thealatincertainty created in the reporting of

the risk and performance of the business.

Other amendments include interest rate managemeéheibanking book, valuation requirements

in the trading book and disclosure requirementsdwhre discussed later in this study).
2.4.2.8.3 Measurement of market risk

Market risk covers risks manifest in a bank’s trgdbook and is extremely relevant to market
participants. As a result, the BCBS provided bawith two different approaches to measure
market risk: theStandardised Metho@SM) or thelnternal ModelsApproach(IMA) (BCBS,
2005a:3). The fundamental difference between tihweseapproaches in that the SM uses a risk
bucketing approach to measure general risk andegnepecific risk due to the simplicity of this
approach while the IMA allows banks to recognise #ffects of correlation across and within
risk factors to be taken into account. The IMA addlows the measurement of specific risk for
equity and interest rate positions. These two nusttare discussed in more detail in Chapter 4
where the IMA is used to introduce a methodologyctculating a fair level of economic capital

for market risk.
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2.4.2.9 Pillar 1: Conclusion

Pillar 1 was explored in this chapter by firstlypking at credit risk by using the standardised a$ as
internal rating based approaches. This was folloled discussion on the second risk type, operaition
risk. The third and final risk type under Pillaihs market risk which has been discussed in tloiose
In the next section, the second pillar (Pillar2jeviewed. Pillar 2 and 3 are introduced as tmeypart of

Basel Il. They will, however, not be used in theital calculation methodology.
2.4.2.10 Pillar 2: Supervisory Review
In this sectionPillar 2: Supervisory Revievws introduced as illustrated in Figure 2.9 below.

Figure 2.9: Structure of the Basel Il discussioiild? 2: Supervisory Review
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This section provides an overview of the backgroah®illar 2, followed by an explanation on the im-
portance of supervisory review, which is basedaur basic principles (Jackson, 2001:57). Thesecprin
ples will then be discussed as the next sectiois i§Hollowed by a discussion of the three majampo-
nents recognised by the BCBS.

2.4.2.10.1 Background

The BCBSviews the supervisory review process as a vitalpmment for the support of mini-
mum capital requirements under (Pillar 1) and mardliscipline (Pillar 3) (Esterhuysen,
2003:29).

Under the supervisory review process, local reguatire required to ensure that local banks
adopt effective and sufficient internal processmstifie assessment of its capital adequacy. As-
sessments should be based on a thorough risk éealia the bank. Local regulators will inter-
vene if a bank’s risks exceed capital held. PRlahus embraces responsibilities for both the bank
and the regulator (Applabs, 2007:2).
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2.4.2.10.2 Importance of supervisory review

The BCBS (2006a:204) states that the process @reispry review is important for the follow-

ing reasons:

the supervisory review process must ensure thatsblazve adequate levels capital to sup-

port the total risks in their banks,

Pillar 2 strives to encourage banks to develop @&l improved risk management tech-

niques for monitoring and managing risks in theksaBCBS, 2006a:204),

Pillar 2 recognises the responsibility of a bankianagement to develop internal capital
measurement and evaluation processes. Furthermaoiles must set adequate capital tar-
gets which reflect the bank’s risk profile and gohenvironment. Pillar 2 also states that
the management of a bank is still responsible Hergrovision of adequate capital to sup-

port the bank’s riskbeyond the core minimum requireme{BE€BS, 2006a:204)

local regulators should evaluate the efficiencyadbank’s capital assessment in order to
calculate their capital needs relative to the rigissent in the bank. Local regulators are

expected to intervene where necessary (BCBS, 2206pand

the Committee of European Banking Supervisors (QEBS05:2), states that the principal
aim of Pillar 2 is to improve the linkage betweebamk’s risk profile, risk management

processes, risk mitigation systems and its capital.

The supervisory review is based on four, interlogkibasic principles which are presented

in the next section.

2.4.2.10.3 The four basic principles

Basel Il prescribes the following principles thaishbe incorporated in local regulators’ policies
(BCBS, 2001b:1):

Principle 1: Banks should have a process for assessing theialb capital in relation to their

risk profile and strategy for maintaining their gaplevels. (Basel Il paragraph 726-745).

Principle 2: Local regulators should review and evaluate banksrnal capital adequacy and
assessment strategies, as well as their abilitmdaitor and ensure their compliance with
regulatory capital ratios. Local regulators shotalke appropriate supervisory action if they

are not satisfied with the results of the proc&asel Il paragraph 746-756).

Principle 3: Local regulators should expect banks to operatealthe minimum regulatory
capital ratios and should have the ability to reguianks to hold capital in excess of the

minimum. (Basel Il paragraph 757-758).
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= Principle 4: Local regulators should seek to intervene at aty ediage to prevent capital
from falling below the minimum required to supptre risk characteristics of a particular
bank and should require rapid remedial actiongfifital is not maintained or restored. (Basel
Il paragraph 759-760).

2.4.2.10.4 Components

The BCBS (2006a:204) recognises three main compsr{aiich may be classified as the core
element of Pillar 2 under Basel Il) which explaire tfour principles above which are (Financial
Service Authority, 2007:4) the:

= [nternal Capital Adequacy Assessment Process (ICAAP
= Supervisory Review and Evaluation Process (SRE®) an
= Supervisory intervention.

The BCBS believes that the supervisory review @ede fully addressed with the implementa-
tion of Basel Il (Esterhuysen, 2003:31). This fipdlar is calledPillar 3: Market Disciplineand
is discussed in the next section.

2.4.2.11Pillar 3: Market Discipline
The third and final pillar (Pillar 3: Market Disdipe) of Basel Il is discussed in this section.

Figure 2.10: Structure of the Basel Il discussibillar 3: Market Discipline

PILLAR 1 PILLAR 2 ‘ PILLAR 3

Credit Risk

Operational Risk

Market risk

Pillar 3 is defined and its background examineds Thfollowed by an explanation of the purposdip
lar 3 and a review of the disclosure requiremeniés section concludes with a discussion regarttieg

implementation of this last pillar and a brief suargn
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2.4.2.11.1 Background and definition

In recent years there have been several effortsratiatives to increase and improve the amount
of information banks reveal to the public. This bagn motivated by a number of both banks and
non-banks incidents of major misreporting of batasheet positions and it serves as a proactive
initiative by policymakers to strengthen the rofararket discipline in banking supervision (De-
vine, 2005:199).

Pillar 3: Market disciplinemay be described as a number of recommendatiahseguirements
set out in Basel Il to increase and improve theketadisclosure (BCBS, 2006a:226). It is the
BCBS's attempt to promote market discipline throlgiproved transparency and it plays an in-
tegral role it the success of Basel Il (Saidenksard Schuermann, 2003:13). PillauBderwent
several important changes since it was first inioedl to banks. However, throughout the revi-
sion process, the BCBS maintained that the dispbssshould be compulsory for all banks given
the increased dependence on the internal assessmienisks (Saidenberg and Schuermann,
2003:13). The requirements for Pillar 3 disclosare based on the conceptroateriality. Infor-
mation would be regarded as material if its excngiould potentially influence decisions of us-
ers relying on that specific information (DanskenBa2007). It is, therefore, the responsibility of
the bank to determine whether information qualifissbeing material or not. However, Basel Il
also sets out a clear set of disclosure requiresnghich should be complied with by banks under
Pillar 3 (BCBS, 2006a:229).

The definition of Pillar 3 is consistent with thatt International Financial Reporting Standards
(IFRS). The overlapping of Pillar 3 and IFRS isasge challenge when planning the effective
management of these two requirements. The key aygirig element is disclosure and, with ef-
fective integration, can be managed with a degfesnailarity (Devine, 2005:212). Market par-
ticipants and local regulators usually focus oaPil, but the significance and value of Pillar 3
should not be underestimated (Gibbons, 2007:6).

2.4.2.11.2 The purpose of Pillar 3
Pillar 3 embraces five main aims. These are:

i. complementinghe functioning of minimum capital requirementstestiin Pillar 1 as well

as the supervisory review process in Pillar 2 (BCB®1c:1),

ii. market transparency achieved by requiringre detailed disclosure of important of risk
and capital elements. These disclosures provid&ehgarticipants such a®unterparties
and investors with key information required to haveinformed view of a bank’s risk pro-
file (Saidenberg and Schuermann, 2003:7),
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iii. allowing market participants to access the abovatimeed information. Important pieces
of information include the scope of applicationpital, risk exposures, risk assessment and
management processes, and therefore the capiglaceof banks (BCBS, 2006a:226),

iv. improving the quality and quantity the informati@gnprovides. In order to assist market
participants to make more accurate and informedgutents on the health of banks they
intend to do business with (BCBS, 2006a:226) and

v. enhancing financial stability (BCBS, 2001c:3). TRED (2006b)recognises the signifi-
cance of market discipline in promoting better mms&tnagement practices and systems. Pil-

lar 3 supports the process of improved financlbisity in the banking sector

The Basel Il prescribed disclosure requirementslgtermine the relevant disclosures to local

regulators which banks should make for market pparency purposes is discussed next.

2.4.2.11.3 Disclosure requirements

Pillar 3 deals with the issue of transparency inksaLocal regulators have diverse measures that
can be used to require banks to make the relevselbdures; they must also ensure that the rele-
vant disclosures provided by banks are timely (BCB#¥4:175). Basel Il provides the main dis-

closure requirements under Pillar 3 under the falg four principles (Basel Il paragraph 821-

826):
i. general disclosure principle,
ii. scope of application,
iii. capital and
iv. risk exposure and assessment.

Pillar 3 does not only state requirements for ratuks and banks, but also provides guidance on

implementation. This is discussed in the next secti

2.4.2.11.4 Implementation of Pillar 3

The BCBS (2001c:3) acknowledges that there arerdiffces in the legal authority of local regu-
lators in different countries. It is difficult tesdisclosure standards that apply equally wedlin

countries. Some local regulators have the authtoitgpply general disclosure requirements di-
rectly through compulsory regulations while otharay only have the power to use indirect ap-
proaches, such as issuing sound practice recomii@msla_ocal regulators have adopted diverse
responses for banks that fail to comply with thecltisure requirement under Pillar 3. Therefore

the BCBS desires the introduction of strong recomutations or principlesThe BCBS will fur-
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thermore continue to investigate different appreacto achieve the implementation of these rec-

ommendations or principles (BCBS, 2001c:3).

Neither local regulators nor market participantsehstudied (in the requisite detail) the usability,
feasibility or appropriateness of the Pillar 3 thsares (Gibbons, 2007:6). If the main aim of Pil-
lar 3 is market discipline, then these various Idmares ought to be investigated and stated

clearly to ensure proper interpretation by all nedparticipants.

2.5 The relationship between model complexity and flekility

As a summary of Basel Il complexity and flexibilitifigure 2.11 presents a comparison between the
Basel Il regulatory capital regime and bank's onternal economic capital regime. The different meth
odologies employed and the distribution of modexitbility and complexity in the methods for calaula

ing bank capital is shown in Figure 2.11 below.

Figure 2.11: Bank capital model complexity vs. mdliéibility to determine relevant capital

A
=
z
5
=
Model Complexity
RISK TYPE A B C
Market Standardisedapproach Internal models
, Foundation in- Advanced
Credit St:nd?(;g';? d ternal ratings | internal ratings Eggg(.?m_lc
bp based approach based models
Operational Basic indicator Standardised | Advancedmod-
P approach approach els approach
. Bank put may
BTSSR BCBS employ BCBS
fied by:
model3
Parameters BCBS +some Bank +some
determined by: BCBS bank BCBS Bank

Source: Compiled by author

40



Examining the methodologies discussed in this arafitis important to note that only C and D igiie
2.11 were investigated. A and B refers to the ssgrhisticated methods in which models are not a% co
plex as in C and D. C (in Figure 2.11) refers te mhost advanced capital calculation approached-avai
able to banks under Basel Il. These approachegiéalit and market risk) are investigated and thair
rameters investigated in order to determine calicamethodologies which may be used by banks to
estimate the fair level of their economic capifthe methodologies introduced should enable banks to
determine their own level of economic capital (DHigure 2.11) which should be sufficient to cover

losses arising from relevant risks.

2.6 Conclusion

This chapter introduced two concepts namely ecoonamid regulatory capital. This study will assist
banks to calculate their own economic capital farket and credit risk elements. However, the ecanom
capital calculations are based on Basel lI's amroehich was designed and is currently employeb-glo
ally for regulatory capital calculations. This cke&paimed at providing an explanatory summatiothef

literature and theory on the historical developnarnternational capital regulations and Basel Il

This chapter provided an overview of elements amhts that led to Basel Il as well as the histories
velopment of international capital regulations. étaled discussion regarding the BIS, the BCBStaed
Basel Accords (Basel | and 1l) was also provideddiscussing these, specific attention was paitied

historical developments, functioning and the stajus.

This chapter also focused on Basel Il (which regiaBasel 1). The function of Basel Il was introddice
with specific reference to developmental amendmantsrevisions that have occurred to Basel I. Some
technical functionalities of Basel Il were introgddcand the framework was discussed in the lighhef
three pillar framework of which it comprises, naynalinimum capital requirements (Pillar 1), supervi-

sory review (Pillar 2) and market discipline (Ril&).

This chapter concludes the theoretical investigatithe next chapter builds on this literature tdrads
the primary goal set for this study, namely, toedetine a methodology to estimate the fair levetad-

nomic capital for credit and market risk in comniarbanks.
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Chapter 3

Fair credit risk capital using empirical asset etations

Correlation is the biggest single driving factor®dsel Il. It's a critical factor, and
banks should really be looking at it much more elgs(Leighton, 2006)

3.1 Introduction

In the previous chapter, the literature surroundimgthree essential role-players of global capéglla-
tion was investigated namely: the Bank for Inteioral Settlement (BIS), The Basel Committee on
Banking Supervision (BCBS) and Basel Accords. Tthasee role players were explored in order to pro-

vide a comprehensive understanding of the glolgallegion of bank capital.

The previous chapter comprised of two main partee Tirst part examined the historic developments,
functioning andstatus quoof the three essential role-players. The secomtdguenmarised the Basel Il
Accord and the three (minimum capital requiremestgervisory review and market discipline) pillar
framework of which it comprises. This chapter fau®nly on the first pillar namely theinimum capi-

tal requirementand specifically on credit risk.

Basel Il sets out two approaches to estimate thgulatory) capital that banks require to provide fo
credit risk: the Standardised Approach (SA) (inathbanks allocate capital according to prescrilgd r
weights, specified by the BCBS) and the Internaliigg Based (IRB) approach (in which banks may
derive and employ their own credit ratings assigieedbligors). The latter approach is further spitb

two sub-approaches namely the Foundation IRB agpr@@RB) (in which banks must use BCBS capi-
tal formulas, but must use all parameters — othan tPDs — specified by the BCBS) and the Advanced
IRB (AIRB) (in which banks may determine and empiogny of their own parameters, but must still use
BCBS specified capital formulas) (llako & Stoild®2Q05:34).

This thesis aims to address fiag allocation of capital by establishing methodolsgie empirically es-
timate some of the opaque, fixed variables preiseiite Basel Il accord's equations. This chapteuses
only upon capital calculated using the AIRB appltoathe introduction of the much-needed analytical

methods provided by the Basel Il AIRB approach hasyng others, two advantages, namely:
= a more efficient and fair overall level of capitalbe held and
= a more dynamic and realistic capital adequacy caation (Das, 2006:2).

The primary purpose of this study is to introduadcalation methodologies which will allow banks (of

any size and complexity) to empirically determiheit own unique parameters from their own unique
loss experiences. Knowing these empirical valudisalbw banks to ascertain whether or not the BEBS

specified fixed parameters ensure that capitalirements are indeed accurate. The study will tloeeef

enable banks to determine fair (i.e. not too pueitis to inhibit efficient functioning of the baakd not
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too lenient as to allow the bank to malfunctiortimes of stressed economic conditions) levels of ec
nomic (i.e. internal) capital which is sufficiemt tover losses arising from specifically credit anarket

risks faced by banks.

If the fixed parameters specified by the BCBS aelenient, banks can increase their economic @apit
reserves appropriately and if they are too oneroasks can judge for themselves whether or notgilrev
ing economic conditions warrant such capital rezgaignt severity. In either case, banks using the sug
gested methodologies are able to establish prgdiseir unique empirical capital requirements without
blind acceptance of the parameters (the estimatiavhich the BCBS do not provide much detail) used
in the capital calculations of Basel Il. Even thbubge regulatory capital cannot be altered, baaksand

do use economic capital in decision makin@his chapter introduces a parameter estimaticthooel-

ogy specifically for credit risk.

When modelling the risks to which banks are expdbede are numerous differestientific elements
that should be considered and investigated in daderodel the risks effectively (Currie, 2004:9).this
chapter, asset correlation (a measure of the cement of asset return values, which are requiraden
Basel Il formulation) is the scientific credit righkement that is investigated as the incorrectregton of
this parameter could be detrimental (i.e. signiftbaover or understated) to the management ofnk’ba
capital requirements (Laurent, 2004:23). In ordedeétermine the fair level of economic capital doedit
risk, this chapter introduces a methodology foraeoting empirical asset correlations using emplilizss
data. Empirical asset correlations, instead ofittezl Basel Il asset correlations, are employethecal-
culation methods prescribed by Basel Il to deteentire fair level of economic capital for creditkrisx-

posures.

Empirical loan loss data are used to extract ewgdidsset correlations. For this chapter, empitizah

loss data were derived from retail loans which waltesen specifically as this type of lending has no
received sufficient attention in recent years aigtry and regulatory resources have always foctased
more on corporate lending (Ghosh, 2005:3). Corpotaéink and sovereign credit exposures have been
more thoroughly explored as data for these loaagygre far more plentiful, leaving retail credskriess

well understood. This lack of data could prove dgimgto banks, but it also provides an opportutity
explore and ultimately determine a fair level oédit risk economic capital by investigating emgific
retail lending (Helbekkmo, 2006:62).

An investigation into empirical retail lending foermore adds additional value to the findings ddé th
chapter as there are still vast unexplored oppitignin the retail banking segment as banks witrap-
tive and well understood retail credit risk managatrstrategies should achieve strong growth inges
both volumes and profitability (Rao, 2005:7).

It is, furthermore, critical that asset correlatisrthoroughly understood by banks as it is theydsg sin-

gle driving factor of Basel Il (Lopez, 2005:21).Baregulatory capital is profoundly affected by theel

18 See footnote 9 on page 8.
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of asset correlation (as is illustrated later iis thapter), so it is critical that banks underdthow these
values are determined (Cherrghal 2006:2). Banks are being urged to explore thisofamore closely
and this chapter makes a useful contribution bgothicing a methodology which may be employed by
all banks to extract empirical asset correlatiansnf empirical loan loss data. After the developmant
the methodology, the approach is applied to artédesn 22 years of loan loss data — recorded féerdi
ent retail asset types — in US banks. These datwelt-recorded and freely available (U.S. Bureao-E

nomic Analysis, 2008).

3.2 Chapter layout

This chapter comprises three main sections:

= a literature study which covers the relevant credk definitions and concepts and focuses specifi-
cally on the capital calculation framework presedlby Basel Il. As this chapter investigates asset
correlations and their impact on credit risk cdpitesarges, a thorough description of this topiceis

quired in order to contextualise the subject aradvdrccurate conclusions on this topic.

= a description of a methodology for extracting encgirasset correlations from empirical data. These
data are employed in the calculation methods plestiby Basel Il (introduced in Section 1) to also

calculate the capital charge for credit risk.

= an application section which may be employed bykbda extract their own empirical asset correla-
tion from their own empirical retail loss data. Rammay use these derived asset correlations ta-calc
late fair levels of economic capital (using the &dkequations for credit risk). This final seatialso
presents a summary of the results obtained fronapipiication of the methodology to US retail loss

data.

A more comprehensive description of each sectiothisfchapter follows at the beginning of each-indi

vidual section.

3.3 Literature study

The literature study covers all important credikrdefinitions and concepts required for this chapt
Specific attention is paid to the capital calcaatiramework prescribed by Basel Il. The literatsnedy
commences with a brief introduction to credit rikklowed by the options (provided by Basel Il) fal-
culating the credit risk capital charges: the SA HB. Different types of credit exposures areddtrced
as well as the reasons behind the choice of retadit exposures. Some discussion on Basel llattre

ment of retail credit risk also follows.

The credit risk model chosen by the BCBS for Bdk&d the asymptotic single risk factor (ASRF) ap-
proach. The credit risk capital requirements (piibed by Basel II) are based upon the ASRF approach
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which is explored further by examining reasavisy it was adoptedwhat a single factor model is and
how it differs from a multifactor model. The paramstérvolved in the ASRF approach is also discussed,
starting with the most important parameter (Log&205:21) namely the asset correlation and the set
regulatory values of this parameter. The differebetveen asset and default correlation as welhas t

difficulties involved in calculating default coreglons are also discussed.

Other elements and parameters of the ASRF apprfodiolv the discussion concerning asset correlation
as all these elements are required in the camtaulation for credit risk exposures. These elesamnd
parameters include average and conditional prabahif default (PD), loss given default (LGD), ex-
pected versus unexpected losses (EL and UL), expadudefault (EAD) and risk weighted assets. Ma-
turity adjustments in corporate loans is mentiored,not discussed in any detail as they are roptired

for the relevantetail exposures of this chapter. The literature studychales with a discussion on model

calibration.

As this chapter introduces a calculation methodplkogextract empirical asset correlations to bediuse
the calculation of a fair level of credit risk ctghj a thorough explanation of the elements andrpaters

involved in this methodology is also presented.

The FIRB allows banks to use the Basel Il specifigdations for credit risk as well as their owreingl
estimates of the probability of default. All othgarameters required as inputs into the Basel kifipd
equations to determine the amount of required abfut protect banks against credit risk lossesatse
specified by Basel Il in this approach. Within thiRB approach, banks may use their own internally-
estimated measures for PD, LGD and EAD but notetations (llako & Stoilov, 2005:35) which are
specified by Basel Il and thus in some sense "fix&tlese elements are discussed in this literatace
tion to provide the reader with sufficient backgnduo understand the calculation methodologie®intr

duced in this chapter.

3.3.1 Introduction to credit risk
Basel Il defines credit risk as:

...the potential that a bank borrower oounterparty will fail to meet its obligations in

accordance with agreed terms. The goalccédit risk management is to maximise a
bank’s risk-adjusted rate of return by maintainicigdit risk exposure within acceptable
parameter§BCBS, 2000:1).

Credit risk is one of the three major risks covere®illar 1's ambit of Basel Il (market and opevaal

risk are the other two). Basel Il specifies onlggé three main risks in the calculation of mininzapital

to be held by a bank to ensure adequate capitadlsto support all risks to which banks are exgose
(Varghese, 2005:3). Banks generally face enormapssures to credit risk: the most prominent causes
of banking difficulties are attributed to negligémgh risk credit provision to counterparties, lpatfolio

risk management or the inability to respond suffitly to economic changes that can lead to anasere

in credit risk of the bank’s counterparties (BCBS99:1).
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3.3.2 Calculating the capital charge for credit risk
The two Basel Il approaches to credit risk (SA H#) were introduced in Section 2.3.5 of Chapter 2.

When opting for the SA, banks use external ratiagslassify all borrowers into seven risk categerie
with different risk weights. The capital requiredthen 8% of the risk-weighted total exposure. Hmue
while conceptually the same method is followed, lRB capital calculations are more complex. The
complexity is confined to the risk weight calcutettj which becomes a function of several parameters
(Lamy, 2006:160).

Unlike the SA, the AIRB allows banks to use mordhair own internal estimates as inputs to caleulat
the capital charge. Basel Il provides guidancehimtbpic and focuses on explaining the risk wefght
mulas from a non-technicalerspective (BCBS, 2005b:4). Basel Il also dessrife economic founda-
tions as well as the underlying mathematical mdghet not in sufficient detail for practitioners tepro-

duce the parameters fixed in Baseldiid its input parameters which are discussed ilatbis chapter.

The IRB approaches comprise four main inputs: PGDLEAD and maturity. Of these inputs, only PD
directly characterises the specific borrower. Tdhiapter focuses on the AIRB approach which is simil
to the FIRB except that for the AIRB approach bamley use their own internally-modelled measures for
the PD, LGD and EAD inputs (llako & Stoilov, 2005)3The AIRB approach was chosen as it provides
a more sensitive credit risk measure (Egan, 2068)the more risk sensitive the approach the more ef

fectively (and accurately) regulatory capital candalculated.

3.3.3 Different types of credit exposures

In calculating the capital requirements under thRB\approach, risk exposures are divided into fige
set classes namely sovereigns, banks, corporatad,austomers and equity (Oesterreichische Nation
bank, 2007). The definitions and details of thegposures have been discussed in Chapter 2 of this

study. This chapter explorestail exposures and losses in tie¢ail credit sector.

3.3.4 Retail exposures and Basel |l

Retail credit can be defined as exposures thaudegcinter alia, consumer credits (such as residential
mortgages, auto finance and credit cards) and $maihess loans. Small business loans have chasacte
tics that make them more comparable to consume@sldasan to large business loans (Berlin & Mester,
2004:721).Retail credit is a unique from of lending as itahxes lending money to individuals which
also includes unrated borrowers. Credit amountsedatively small in size and individual lossessn-

gle retail loans will not cause insolvency of a lhamence calculating the credit risk on each irdiiail
loan in not worthwhile. A borrower’'s PD depends naty on a range of economic factors, but also on

their social and personal factors (Ghosh, 2005:3).
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The following exposures can be categorised ad mtposures (BCBS, 2004:51):

= exposures to individuals such as revolving credlitd lines of credit as well as personal term loans

and leases, regardless of size, qualify as a estpibsure,

= residential mortgage loans qualify as retail crédigardless of exposure size) but with the consent

that the borrower is an individual that is an owaecupier of the financed property

= Joans granted to small businesses which are maregeetail exposures are also retail credit expo-

sures. However, the maximum allowed exposure ob#r to this type of borrower €& million.

To ensure that retail exposures receive mass-madaiment, these loans classified as retail expssu
must form part of a large pool of loans manage@ @ooled basis. Local regulators are allowed taset
minimum number of exposures within a pool for expes in that pool to be treated as retail (BCBS,
2004:51). Furthermore, within the retail assetgleategory, banks are obliged to identify the failliay

three sub-classes of exposures:

= exposures secured by residential properties whale ta similar definition as in SA (Jacobsohn,
2004:23)

= qualifying revolving retail exposures which includeerdrafts and credit cards and are allowed a
maximum exposure d&100,000. Qualifying revolving retail exposures eeolving, unsecured, un-

committed and must be issuedndividualsand

= "all other" retail exposures which include loansstoall businesses, car loans and consumer credits
(BCBS, 2004:51).

For retail credit, like all other defined crediskiexposures, the credit risk capital charge ascpieed by

Basel Il is based on the ASRF approach, discuss#tkinext section.

3.3.5 The ASRF approach

Ratings-based assignment of capital charges offigrgficant advantages in regula-
tory application.(Gordy, 2003:221)

A bank’s credit risk capital requirements are dediyrom risk weight formulas developed using afpert
lio-based asymptotic single risk factor (ASRF) losadel. Although there are no reference documents
which detail Basel II's implementation and testofghis model, it is generally believed that therking
paper version of Gordy (2003) was the pioneer ® uliimate Basel Il credit risk equations (Aas,
2005:10).

Portfolio invariance — defined by the BCBS (2005ta4 the capital required for any given loan should
only depend on the risk of that loan and must reptethd on the portfolio to which it is added — dof th
capital requirements is an essential assumptiorerirathe AIRB approach. The following two require-

ments apply for portfolio-invariance:
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= there is only a single systematic risk factor tirates correlations across obligpand

= no exposure in a portfolio accounts for more thaawitrarily small share of total exposures (Gordy
2003:199).

At the transaction level, the need for stabilitybusiness operations favours portfolio-invariarpitza
charges (BCBS, 2005b:4). Basel Il therefore useglesi(ASRF) instead of multi-risk factor models to
ensure that the contributions to VaR are portfailariant. Unlike single risk factor models, muiigk
factor models cannot be portfolio invariant dudhe definition stated abov&he use of the ASRF ap-
proach assumes that the credit portfolio of a amkprises a large number of relatively small expesu
(i.e. the concentration risk is negligible) (Cox0Z:160). This implies that the idiosyncratic resssoci-
ated with individual exposures tend to cancel out that only systematic risks, which affect all exp

sures, have a material effect on portfolio los&2RS, 2005b:4).

The most important property of this model is thHasgstematic (or system-wide) risks that affedtoglr-
rowers to a certain degree (such as industry aomafjrisks) are modelled with only one systemas&
factor. Banks are, however, encouraged to usetcrisili models that best fit their internal risk dee
when calculating their economic capital. Under MiBB approach, banks are expected to estimate their
unexpected lossEdor credit exposures. This is achieved by calaugpthe conditional expected loss for

exposures given the appropriate conservative \@ltiee single systematic risk factor (BCBS, 200%b:4

The important components and parameters which itotesthe ASRF approach are discussed in the next
section which commences with an exploration ofrtiwst important parameter — the asset correlation —

and the regulatory specification of this paramétepez, 2005:21).

3.3.5.1 Asset correlation

The single systematic risk factor needed in the R&RBproach is generally considered to be the sfate
the economy (BCBS, 2005b:8), either locally or @b depending on the loan context. The degree of
the borrower’s exposure to the systematic riskoiast expressed by the asset correlation: a meadure
the degree of co-movement between changes in\aset of one borrower and changes in asset value of
another. The asset correlation in the ASRF approaebsures the degree of co-movement between
changes in a borrower's asset value and changbs igeneral (either local or global) state of there
omy (i.e. the 'single factor'). All borrowers aiekied to each other by this single risk factor (B%;B
2005b:8).

The BCBS determined a series of asset correlatoanpeters (some fixed, some varying only with PD)

for each different credit exposure type in BaselHset correlations were set to ensure that thleenithe

17 Expected losses are “usual” or average lossesathank incurs in its natural course of businessxpected losses are devia-
tions from the average that may threaten a banalsldy (Navarrete, 2006:1). Expected and unexpadbsses are discussed
later in this chapter as they have a significamant on capital charges. They are shown in Figure 3
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correlation between individual asset values, tiyhéii the probability that assets will default & game

time, hence a higher level of capital is requireddifferent portfolios with the same PD (Gore, 800

3.3.5.1.1 Importance of correlation

Credit risk analysis focuses primarily on the shapthe loss distribution for a portfolio of assets
(specifically the tails of the distribution) wheetdrmining the adequate amount of capital banks
require to cover potential losses. The prominel& ttwat correlation plays in this capital calcula-
tion led to an increased focus in importance fadamics and professional practitioners (Cassart
et al, 2007:2).

The importance of asset correlation is rooted endfatistical fact that changes in the correlation
between assets transfers some of the risk awaytliermean toward the tail of the loss distribu-
tion. An increase in the correlation between asfdtens the tail of the loss distribution which
results in an increased amount of capital banksl neecover potential losses (Cassattal,
2007:2). Asset correlation is also a crucial infantcredit risk management as it has a direct im-
pact on determining the PD of a credit instrumé&itgn, 2005:50).

3.3.5.1.2 Asset and default correlation

These two types of correlation are closely relat&ten two borrowers are part of a homogenous

group the default correlation can be determinenhftioe:

...time series of defaulted and non-defaulted $aairnthis group without further
assumptions. Therefore, estimating correlation @¢ @ problem of methodol-
ogy. However, in practice we do not know firstharidch obligors build a ho-
mogenous group. In the one—factor model theresaisine-to-one mapping be-
tween default correlation and asset correlation &given probability of default
(Dullmann & Scheule, 2003:6).

Default correlation refers to the phenomenon thatlikelihood of one obligor defaulting on its
debt is affected by whether or not another obligas defaulted on its debts (Lucas, 2004:2). In
practice, this correlation is difficult, if not imgsible, to measure directly. However, the default
correlation of two borrowers may be inferred by maing the individual default probabilities of
the obligors as well as their asset correlatiore illea is intuitive and used in the Moody’'s KMV
formulation® an obligor is likely to default when the assetueafalls below the value of obliga-
tions. The joint probability of two obligors deféing during the same time period is the likeli-
hood ofboth borrowers’ asset values falling below thegspectivedefault points during that pe-
riod. This probability can be determined using ¢berelation between the two firms’ asset values
and the individual likelihood of each firm defanlji (Zhanget al, 2008:6).

8 Moody's KMV is the industry standard for measurihg credit risk of individual firms. The Moody's Kivprovides objec-
tive, quantitative solutions that are essentigdredict a firm's PD (Moody's KMV, 2009)
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In typical economiccapital calculations, then, each obligor has @umiasset correlation that is
used in the determination of credit losses. Forphgoses ofegulatory capital calculations,
such a multitude of parameters is infeasible. bt®asel Il proposed equations that assign asset
correlations that are either (a) fixed or (b) ardasing function of firm probability of default
(Lopez, 2005: i).

3.3.5.1.3 Previous studies

Dullmann & Scheule, (2003:21) investigated the eieants of the asset correlations of German
firms (clients) and the implications for banks’ végd regulatory capital. Their results suggest
that further research was justified for the estiorabf asset correlations as several studies in the
past addressed this issue with remarkable diff@®ictheir empirical results.

The wide range of empirical findings does not drilyhlight the importance of

further empirical research but even more advocatesronger focus on the eco-

nomic factors that can explain the observed diffeesDullmann & Scheule,
(2003:21).

Chernihet al (2006:12) also investigated asset correlation fandd that asset correlations are
lower than those suggested by the BCBS in Basel Il. Eiengh numerous articles (e.g. Lopez
(2004 and 2005) and Duchenenal (2003) have reported asset and default correlatiased on

a variety of different datasets, some issues m&ithain which require additional exploration as

current findings has been inconclusive.

Even though asset correlation is the most impoitgnit in the ASRF approach, other parameters

must be considered. A review of these other parammetf the ASRF approach follows.

3.3.5.2 Average and conditional PDs

The next important parameter in the ASRF (used#brulating the capital charge under Basel II's BIR
approach) is the PD. Merton (1973:449) defined BOihe probability that the firm is unable to satisfy
some or all of the indenture requiremeritbe PD is usually stated for a fixed assessmerizdn such as
one year. Merton modelled the asset value of oldigs a variable whose value can vary over time and
asserted that the variation in value of the oblgyassets behaves as a normally distributed ramaom
able (BCBS, 2005h:5).

The Basel Il capital formulas for the AIRB approachke use of average PDs — estimated by banks — for
the implementation of the ASRF approach. The modd developed to reflect expected default rates
under normal business conditions (BCBS, 2005b:4iry the last decade, banks have been forced to
redesign their PD models in order to develop thsetraocurate PD under Basel Il. To determine arceffe
tive PD, banks now distinguish whether different iBasures are point-in-time (PIT), through-the-eycl
(TTC) or a hybrid, which incorporates elements ahbPIT and TTC, PDs (Aguais, 2008:267).
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A PIT PD assesses the likelihood of default ovartare period, most often the period one year fthm
present and sometimes for multiple years forwand.a8curate PIT PD anticipates the short term future
on the basis of present circumstances by integratihapplicable cyclical developments and indidbu
obligator values with appropriate probabilitiesisTapproach results in a robust short term proliglaf
default. In contrast to the PIT PD, TTC PDs indiceircumstances anticipated over particularly Ipeg
riods where the effects of the economic cycle, agerclose to zero. By considering up and downturns

the economy, probabilities of default can be defias a median of multiple PIT PDs (Aguais, 2008)272

As far as Basel Il is concerned, the BCBS favobesuse of TTC PDs although strong emphasis is also
placed on the need for an integrated PIT-TTC ampro@he Basel Il requirements are, however, con-
stantly under discussion and therefore open taprgéation (Aguais, 2008:269). Balthazar (2004:84)
predicted that one of the main issues of BasellRBA\would be that banks would have to prove that th
long-term PDs assigned to their clients are indamdect. In the light of the ongoing credit crigido-

vember 2009), it remains to be seen how long remage PDs change in the future.

Average PDs are transformed into conditional PDsalculate theconditional expected loss This is
achieved by applying a supervisory mapping functlerived from an adaptation of Merton’s (1973) sin-
gle asset model to a bank’s credit portfolios (BCB®05b:4). The conditional PD reflects a defaater
given an appropriately conservative value (99.9%bhe systematic risk factor (BCBS, 2005b:6). The
same value of the systematic risk factor is alsedu®r all instruments in banks' portfolios. Vagice
(2002) proved that, under certain conditions, M@gomodel can logically be extended to a specific
ASRF credit portfolio model. The BCBS adopted tssumptions of a normal distribution for the sys-
tematic and idiosyncratic risk factors followingtfindings of Merton and Vasicek (BCBS, 2005b:5).

In this section, PD was introduced as parametérérASRF. The next parameter used for calculatieg t

capital charge under Basel II's AIRB approach &sltisD and is discussed in the following section.

3.3.5.3 Loss Given Default

LGD is another important parameter in the ASRF apph and refers to the total loss faced by a bank
(when a client defaults), net of any recovery thakbhas received or will receive. LGD furthermose e
timates the impact on the bank when going into wief&eatherstonet al, 2004:5). Unlike the method

used for PDs:

the IRB does not contain a specific function thaverts average LGDs expected to
occur under normal business conditions into conddl LGDs which are consistent
with the appropriate conservative value of the eysttic risk facto(BCBS, 2005b:6).

The Basel Il framework instead requires that estedd GD parameters must reflect
economic downturn conditions where necessary toucaghe relevant risks and that

19 The IRB estimate a conditional expected loss, which measure of credit VaR as Basel Il requires bamksver EL + UL.
However, the product LGD x PD is deducted becaliseEL should be covered by the bank's loan losgigioms. The capital
charge should therefore cover all thiexpected losses that exceed the EL.
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supervisors will continue to monitor and encouraggropriate approaches to this is-
sue(BCBS, 2004:96).

This use of downturn LGD takes into account the that the correlation between PD and LGD is ig-
nored by Basel Il (Miu & Ozdemir, 2006:2).

The ASRF approach asserts that the total lossrf@xposure is equal to the product of a conditi¢tial
and a 'downturn’' LGD. In order to derive an ecormmdawnturn LGD, the Basel framework considered
two approaches. The first approach is to use bap&rted LGDs and to apply a mapping function (simi-
lar to that used for PDs) to them that would prevetbwnturn LGDs. The second option is that banks
could be requested to provide downturn LGD infoiorabased on internal LGD assessments during un-
favourable conditions (BCBS, 2005b:4).

The next important components of the ASRF modeleapected and unexpected losses. These are dis-

cussed in the next section.

3.3.5.4 Expected versus Unexpected Losses

Expected and unexpected losses are also both iampgrarameters of the ASRF approach which are used
for calculating the capital charge using Basel RIRB approach. Under the AIRB approach there are
two different credit risk concepts: expected IdsSk)(and unexpected loss (UL). It is important taler

stand the fundamental difference between these two.

In Chapter 2, Figure 2.4 illustrated the differehetween EL and UL. EL is the mean of a bank’sltota
estimated loss over a specific time horizon andaisulated as the simple mean based on the hiskoric
gross losses. Figure 2.4 depicts stitistical mean of the loss distribution. Risk egement, however,
focuses primarily on managing variability or thecartain; hence the need to calculate a bank’s Wie. T
only current standard to express UL is that useddgulatory capital and economic capital purposes:

measure to 99.9% confideriever a one-year time horizon (Davies, 2005:31).

From a Basel Il perspective, banks are requirezbt@r their EL on an ongoing basis in the form ia-p

visions (bank capital), effective pricing and wsitfs. No additional regulatory capital should bet s
aside for EL under Basel Il as it represents amatbst component of the lending business. In cehta

EL, UL refers to potentially large losses that naggur; hence regulatory capital is needed to abShrb
(BCBS, 2005b:7).

The next important constituents of the ASRF, nantetposure at Default and risk weighted assets are

discussed next.

20 The confidence interval is discussed in more Hktar in this chapter.
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3.3.5.5 Exposure at Default and risk weighted assets

The EAD is an important parameter in the ASRF aagioand describes the losses to which the bank is
exposed when the loan transitions to default. EADSually expressed as a monetary amount comprising
the principal outstanding, unutilised commitment @my fees or other expenses the bank made in col-
lecting the outstanding part of the loan (Featloeeset al, 2004:5). The capital requirement as laid out in
Basel Il can, however, also be expressed as argageeof the total exposure (BCBS, 2005b:11). teor

to derive a capital charge, risk weighted asSetsust be multiplied by EAD and the reciprocal oé th

minimum capital ratio of 8%, i.e. by a factor of.32hus, since:

k= S%X(M\J (3.1)
EAD
Where:
= Kk =the capital required (expressed as a percentahe total exposure)
= RWA-= the risk weighted assets
RWA=125xk x EAD (3.2)

In this section, EAD and risk weighted assets vaiseussed as parameter in the ASRF. In the next sec
tion, the maturity adjustment factor (which is alssed in the estimation of capital charges undeseBa

II's AIRB approach) is introduced.

3.3.5.6  Maturity adjustment

The next important parameter in the ASRF approachaturity adjustment. A bank’s credit portfolio
comprises of loans with different maturities. Lamegm loans are considered riskier than short-term
loan$? ; hence, the regulatory capital requirement irsesavith maturity (BCBS, 2005b:4). The maturity
adjustment, specified in Basel Il, is intended ¢oaunt for the effect of an loan's maturity on tis& of
changes in its fair value (e.g. as a loan's matisitextended, the risk of it being subjected tdosn-

grade increases simply as a result of the timé{@wnford, 2006:4)).

The risk of default (or downgrade), however, desesawith a decrease in a loan's maturity (BCBS,
2005b:10). The Basel Il maturity adjustment is pineduct of two terms: one corresponding to a stahda
maturity and the other applying to exposures wittturities not compliant to this standard. The sdcon

term has a minimum maturity, which restricts théeptial capital reduction due to maturity adjustinen

21 The assets of a bank multiplied by a risk weighiimescribed by the regulatory authorities. Thi viighting representing
the relative risk of the underlying assets. Basetheramount of risk-weighted assets, the amoumntiofmum capital required
by the bank can be calculated (ING, 2009)

22 The empirical evidence found that long-term bohdse higher yields than short-term bonds. Investessm to earn higher
expected rates of return on average in long-temubobecause these bonds are riskier (Financia¢pla009)
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(Cornford, 2006:4). This study, however, focusegetail portfolio’s for which Basel IlI's AIRB capit
equation has no maturity factd(BCBS, 2006a:76).

3.3.5.7 Model calibration

Within the ASRF approach, two key parameters ase sét by Basel II: the confidence level (deemed to
be sufficient when using the AIRB approach) ancessrrelation (which indicates the dependency of

borrowers on the overall state of the economy) (BCB)05b:11).

Banks require sufficient capital to protect themaiagt losses up to a certain confidence levelymedeto

as the statistical confidence level. The equatsedun the ASRF approach is calibrated to enswena
fidence level of 99.9% (BCBS, 2004:73). This coafide level has been designed to protect banks
against a 1:1 000 year default event. It is alssigihed to protect against 1:1 000 banks defaulting
single year, a far more likely event in the glofiaancial system (Van Vuuren, 2007), particularytihe
current (November 2009) economic environmdititis confidence level is high — much higher thaa th
99% confidence interval used for market risk cd@tdimation — but it was deliberately chosen tdig

to ensure more protection against potential esiimaerrors in internal PD, LGD and EAD estimations

as well as other model uncertainties (BCBS, 2004:69

All the different parameters discussed above aegl irs the ASRF approach to determine the regulatory

capital for credit risk under the AIRB approach.

The actual calculations and how these parameterasad to eventually determine regulatory capi@l a
discussed in the next section. This is importantrtderstand as the methodology (in the next séctind
parameters (discussed above) are used to achieyeithary purpose of this chapter, namely to infiaed
a calculation methodology which will enable banésdetermine fair level of economic capital which is

sufficient to cover losses arising from the creidik faced by banks.

3.4 Methodology and parameters

For banks using the SA, the capital required igmeined by calculating the percentage of the weight
total exposure (Lamy, 2006:160). The following eitpraexplains this simple calculation:

CapitalRequired= EAD x Risk Weightx 8% (3.3)
The more complex AIRB capital calculation uses ¢hparameters in the capital calculation where the

risk weight is a factor of the PD, LGD, asset clatien (p) and maturity (M). The risk weight is multi-
plied by EAD and 8% to determine the required @pithis is indicated in the equation below:

2 The BCBS (2002) states that, for retail loans, ndigikpaturity adjustment is required. This decisivas based on the con-
sideration that the introduction of a separate nitgtadjustment for retail loans would be too coiogied since this would re-
quire a separate analysis of prepayment risk amsition behaviour of loan counterparties, etc.
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CapitalRequired= EADx f (PD,LGD, p,M) x 8%
Risk Weight (3 4)

3.4.1 The mathematics of the ASRF approach
The Basel Il capital charge equation for retailtfmios is given by:

PW%PD)+JE[Nﬂ®99@j—PDJ

Ji-p

CapitalRequired= EAD[LGD EEN(
(3.5)

Where:

N = a standard normal distribution applied to thoddland conservative value of the systematic fac-

tor,
= N?=the inverse of the standard normal distribution,

= retail loans do not have a maturity adjustmentoiaahd hence this is not taken into account,

LGD = the loss given default. When using historicalD_&nd loss data, in order to achieve a relevant
downturn LGD?* results show that the LGD should be increasedediwden 35% and 41% (Miu &
Ozdemir, 2006:44). These findings are sufficiembnservative (and research in this field is suffi-
ciently lacking) to have been widely acceptday the major rating agencies (e.g. S&P and Fitatu)
other academic research. For this reason, theadsera the LGD used in this study was chosen as
37% (the average of the empirical LGizreasesneasured by Miu and Ozdemir, 2006). This is the
increasein the historical LGD (derived from the QIS5 Basgaldy) and it is applied to the net losses
in order to calculate empirical asset correlati®iace Basel Il specifies that the downturn LGD- cal

culation methodology should be principal-based kbare free to use whichever downturn LGD they

believe appropriate.
= PD = the probability of default and in this study ineeragePD for the loss portfolio is used,

= p = the asset correlation which has been specifyeBdsel Il. In Basel I, different correlations teav
been determined for different types of retail expes. Basel Il specifies the following correlations

for retail exposures:

24 This increased LGD compensates for the lack afetation between PD and LGD. Basel |l adopts a fplas-based approach
which requires (a) the identification of downturonditions and the adverse dependencies betweenldefees and recovery
rates and (b) the incorporation of adverse depeasieehetween default rates and recovery rates so@sduce LGD parame-
ters consistent with identified downturn conditi¢B£BS, 2006a:103).

25 &P (2008:21) states that there is little consemsgarding the appropriate methods for incorpogatiownturn conditions in
LGD estimates. Some banks are concerned abouttbtever-conservatism and take the view that defamighted average
LGD should be sufficiently conservative. As neitBasel 1l nor commonly used off-the-shelf EC modelgtare PD and LGD
correlations, there is a risk that under-estimatibeapital requirements can occur. S&P, howevetepts the findings from
Miu and Ozdemir for quantifying the downturn LGDdahave been using it in several S&P publicatiorchsas: (a) bench-
marking/validation of internal ratings systems, @RP 2007 Recent Research in Basel (2007), (c) LGiInBSon Tools,
Services and Data from Risk Solutions (2008) andg@bel 11 Validation Webinar: Estimation of Downtur@GD and long run
probability of default (2008). The findings of Mand Ozdemir (2006) are further supported by SakeatdaSchmid (2008:10)
who followed Miu and Ozdemir’'s downturn LGD findiagalso used in this study) éstimate a conservative LGD.
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i.  Residential Mortgageso =15%

ii.  Qualifying Revolving exposures = 4%

iii. For Other Retailexposures a similar methodology is used as ugecbfporate, bank and
sovereign exposures where the supervisory assefiatons were derived by the analysis
of data sets from G10 supervisors. Based on bothireral evidence and intuition the
analysis revealed two important systematic depesiden Firstly, asset correlations
decrease with increasing PDs and secondly, assedlaitoons increase with firm size.
Therefore, the asset correlation function used kaseB Il considers both these

dependencies.

The asset correlation function comprises of twaitlioorrelations of 3% for very high
(100%) and 16% for very low (0%) PDs. Correlatitregween these supervisory limits
are modelled by an exponential weighting functiwet represents the dependency on PD.
The rate at which the stated exponential functieorelases is determined by the “k-
factor” (k) (BCBS, 2006a:77).

=% E(1Eexp(— k PD)) 1% Eﬁl_ (1-exp(-k EPD))}
1_

expl-k)) (L-expl-k))

Where:k = 35 for these loan types

(3.6)

A final retail exposure, not covered by @her Retailclassification iHigh Volatility
Commercial Real Estai@¢lVCRE). The correlation for HYCRE loans is caldeld by
using the same method asoither retail however, with different limit correlations and a

higher k-factor.

(1-exp-k PD))

(1_ eXF(_ k)) } (3.7)

D(1— exp(- kPD))

(1-expl(-k))

0 =12% +30% [El—

Where:
k = 50 for these loan types

The fixed correlations prescribed by Basel Il (@gtussed above) are compared with empirical aoirel
tions derived from US Federal Reserve retail laga.dThe empirical results are compared with theeBa
Il asset correlations (stated above) to ascertaigtiver they agree with the empirical evidence. Bheel
Il capital charges are calculated using both theeBHl prescribed asset correlations as well agthpiri-
cally derived asset correlations, from the resoitt&ained from this comparison, the fairness ofBhasel

Il capital charge is evaluated. This is usefulhia talculation of bank's economic capital.

Having introduced the mathematics of the ASRF apginoth€itting of a suitable distribution to the em-
pirical loss data is the next step in the procdsdetermining the empirical asset correlation. Tikigx-

plored in the next section.
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3.4.2 Distribution fitting

In the previous section the mathematics of the AGRproach was introduced. This section explains the
fitting of a suitable distribution to the empiridalss data which is a crucial step in the processeter-
mine the empirical asset correlation from empiricalail loss data (discussed later in this chapkom
this distribution, the average loss and §@rcentile loss can be evaluated (and hence th&dah. UL

= Total losses — EL).

To select the relevant distribution, this studydaled a robust statistical approach to determirebibst
statistical fit for empirical loss data. The an#yimdicates that the Beta distribution provided Hest fit
and was therefore selected as the preferred distibfor this analysis (see Appendix | for thetistical

analysis results).

Using the Beta distribution is also in line wittethiews of Tasche (2008:4) who found that wheinfijtt
different distributions to the same mean and stahdaviation, the Vasicek, Kumaraswamy and Beta
distributions do not differ considerably. The Vakidistribution however, is not well-known and st i
difficult to locate literature on its implementatioVasicek distributions also require numerous igpmf
different variables which complicates implementatibhe Kumaraswamy and Beta methods are simpler,
but the Kumaraswamy distribution has some impleat@rt problems as moment matching for these
distributions requires complex numerical solvingaofwo-dimensional optimisation problem. For Beta
distributions, moment matching is straightforwarkieth makes for the least complicated (yet most -accu
rate) and implementable distribution (Tasche, 2@)8The use of the Beta distribution is not newas
also been used in the Basel Il formulation of AlRBcuritisation exposure calculation (BCBS,
2006a:140). The Beta distribution is, in additioharacterised by only two parametergandf3 which are
obtained from parameters which are easily measunadely the mean and standard deviation of underly-
ing empirical losses. The goodness of fit of théaBsistribution to the underlying loss data wassi®n
tently confirmed for all retail classes in thisdyu This is an important characteristic as it eaaldny

bank to apply the capital calculation methodolaglydduced in this chapter.

The Beta distribution was therefore chosen as théeped distribution for estimating empirical rieta

asset correlations for this study.

Calculating these two values from loss dataand3 may be obtained as follows (Wolfram Research,
2009):

az#tﬁll[(;;#)_lj (3.8)
ﬁ=(1-ﬂ)E€”E(;Z”)—1j (3.9)

Where:
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= u = the mean gross loss, and
= o= the standard deviation of the gross losses.

With a andf3 calculated (in Equations 3.8 and 3.9) for all tised asset types and the following probabil-
ity density function for a Beta distribution (Wafin Research, 2009):

(1-t)’* et

B(a. )

O Ly <

Mo+
Ma)o

P(x) = @) [j 1-ty*a°'dt 12x=0, a,8>0 (3.10)

Where:

= x = thedistribution variable, and

= ;=the standard Gamma function evaluated at theaetgparameters;
= the total amount of losses are equat tehereP(x) equals 99.9% and

= B(a,p) = the incomplete Beta function a generalisatibthe Beta function and is defined by:

B(x;a,8)= | (1-t)"" *dt a,B>0 (3.11)

O Ly <

The empirical loss data were fitted to the Bet#rithistion using the parameters defined by EquatBs

and 3.3 and the definitions pfando introduced above.

The total loss can be calculated as the valuewlienP(x) = 99.9% as per Basel II's definition of the

conservative value of the systematic risk factor.
TheNet Unexpected LogslUL)? is now introduced and is defined as follows:

NUL = Total Loss— Expected_oss (3.12)

The NUL is illustrated in Figure 3.1 below. The NUi used in the investigation of the empirical asse
correlations later. In order to better understanahat the concepts NUL, EL and Total losses refese

are displayed in Figure 3.1.

28 This chapter refers to a Net Unexpected Loss adsté an UL as the data used were net losses fasdthese losses do not
take the LGD into account in the initial calculafjoThe application of the LGD is applied in thedi step to determine the
capital charge.
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Figure 3.1: Different losses (NUL, EL and Totaldes)

Probability
Mean

99.6th percentile

Losses

S = S i N e UL i >

Total Losses

Source: Author
3.4.3 Extracting the empirical asset correlation from los data

Extracting the empirical asset correlation fronsldsita is the key step introduced in this chafqua-
tion 3.13 is used to determine the asset correladi® defined by Basel Il for the different retaskat

types. In this crucial Basel Il equatignrepresents the asset correlation: the key unkrelement to be

determined.
. B
NULzN[N (PD)+{p xN (o.999)j_PD 15
Ji-p
, B
NUL+PD=N[N (PD)+4/p xN (0.999)}
J1-p
N (NUL+PD) = - (PD)+ /o xN*(0.999)
Vi-p
N*(NUL+PD)x1-p = N"(PD)+/p xN"(0999 (3.14)

Squaring both sides of Equation 3.14:
[N (NUL+PD)[ x(1- p) =[N (PD)J +2N*(PD)x\/p x N(0.999) + p[N(0.999] (3.15)

Setting: x = N7(0.999)
y=N"(PD) anq

z=N"*(NUL +PD)
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Substituting into Equation 3.15:
22 x(1- p)= y? +2yx\[p xx+x2p
2 -2p =y +2yx[pxx+xp
22 -Zp =y +2xy3[p + X2p (3.16)
2+ Zp+y +2xy/p + X2 p=0

(22 +x)o+2xy o +(y* - 22)=0
This is a quadratic iﬂ/; with solutions:

\/;: -b++/b*-4ac

2a (3.17)

Where:
a=z+x
b =2xy (3.18)

c=y*-27°so

Jp 2xy4/[2xy?) -4l + X y* - Z) or

2(22 +x?)

_| —2xy# \/(2xy2)— A7 +x2)y? - 2
2(z2 +x?)

) (3.19)

0

Since the components of x, y and z are known thsséhen substituted into Equation 3.19 to caleylat

which represents asset correlation.

There will always be two values fprwhen solving Equation 3.19. However, only one eSthvalues can
be the 'correct’ asset correlation value. The tessible correlations were derived from the actuzdeds ||
Equation 3.14 to calculate the NUL and, having waled both, these values were substituted into the

Basel Il equation for NUL.

If the NUL derived from the Basel Il equation ntas the NUL derived from the Beta distributionsthi
is taken as the 'correct' asset correlation valbe. 'other' asset correlation value, for each efahset
types, resulted in unrealistically high capital igges (> 20%) which do not make economic sensedn th

Basel capital framework (Guttler and Liedtke, 208):
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3.4.4 Using the empirical asset correlation to calculateconomic capital

The empirical asset correlation extracted from eicgliloss data (as explained in the previous eetiis
used to calculate the fair level of economic capdebe held by banks. To demonstrate this calmrat
method, this study compares the asset correlatioviged by the Basel Il framework with the empiri-
cally extracted asset correlations. A wide rangeetdil portfolios was used in this chapter to desimte

the difference between Basel Il and empirical asseelations.

3.4.4.1 Data

In order to demonstrate the calculation of econorajgital derived from empirical asset correlatibis;

torical net loss empirical data were obtained ftomUS Federal Reserve Bank (FED, 2009).

These data span some 24 years (i.e. Q1 1985 to0Q12@d were compiled from the quarterly Federal
Financial Institutions Examination Council Consalied Reports of Condition and Income (data for each
calendar quarter become available approximatelga8@ after quarter end). The data span the turbulen
early and late 90s, the benign credit conditiongclvicharacterised the 2003 — 2008 period as weheas
recent downturn in the credit environment leadimghie ‘credit crunch' which began in mid 2007 (Wwhic
became known as thiénancial or Credit crisisin 2008) and has yet to run its course. Charge-tffe
values of loans and leases removed from the bawkslarged against loss reserves) from the 100 larg
est US banks are measured by consolidated forgigrdamestic assets. The US Federal Reserve uses
annualised charge-off rates, net of recoveriesautstanding as of quarter-end. The charge-off rates
calculated from data available in the Report of @on and Income (Call Report), filed each qualkier

all commercial banks. Charge-off rates for any gaite of loan are defined as the flow of a bankt ne
charge-offs (gross charge-offs — recoveries) dusingiarter divided by the average level of its foaat-
standing over that quarter. These ratios are nhigipy 400 to express them as annual percentags ra
(FED, 2009).

From these data the empirical asset correlati@xtiacted and then compared with the asset cdmelat
prescribedby Basel Il. The different asset correlations then applied to the Basel Il prescribed capital
calculation equations to ascertain the fair lefedanomic capital. This study acknowledges thatrt:
sult of the specific set of loss data does not seardy reflect the accuracy of Basel II's presedlasset
correlation; however, the methodology can be agglieany set of retail loss data to extract theigogb

asset correlation for use in economic capital datmns.

In comparing the Basel Il and empirical asset dati@ns, this section investigates whether anyediff

ences between Basel Il prescribed asset corretating empirically observed asset correlations .exist

Data for eight different asset types were availalith at least one asset type in each of the faseBl|
categories for retail credit exposures namely:dessial mortgages, qualifying revolving, high vdiat
commercial real estate and other retail exposiies.different asset types used are summarisedblte Ta
3.1 below.
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Table 3.1: Asset types for which loss data werdlavia and corresponding Basel Il classification

Asset type Basel Il classification
Single family residential mortgages Residential tdages
Credit card loans Qualifying Revolving exposures
Commercial real estate loans High Volatility Comoialr Real Estate

Business loans

Lease financing receivables

Loans secured by real estate Other retail exposures

Consumer loans

Other consumer loans

Source: Author

US data were used as they were the only availaddiaple data for such a long period for all theivd-
ual asset types. Furthermore, the current creitsgf2009) originated in the US credit retail metrknd

therefore these are the most relevant data to ex{lo

As mentioned in Section 3.4.2, the Beta distributi® suitable for the purposes of this study dsag
been acclaimed by practitioners such as Tasche8(2P@s well as the BCBS (2006a:140) and also
proven by this study. These theoretical reviewBetfa distributions were statistically tested (sqegpén-

dix I) and it was found to be statistically rankdsee overall best fit using the Kolmogorov-Smirnov,
Anderson-Darling and Chi-Squared tests. A summathese fitting results per individual asset type a
provided in Table 3.2 (a to hAlso, see Appendix Il for the Beta fitting graplikjstrating the cumula-
tive probability distribution (CDF) function andagdrability density function (PDF.

27 Although the US will only fully implement Baseliti 2010, this does not prevent applying the iddahis chapter to these

data.
28 For a discrete random variable, the PDF at aicevidue is the probability that the random varéabiill have that value. For a

continuous random variable, the probability dengityction is represented by a curve in such a ay the area under the
curve between two numbers is the probability that tandom variable is between those numbers. The &Rkiated at a
number X, describes the probability that a variabkes on a value less than or equal to x (Brow@520
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Table 3.2 (a-h): Goodness of fitting results focleaf individual asset types for which loss dataewve

available

a) Single family residential mortgages

Fitting Results

Distribution Parameters

2,=0.16403 &1.3287
1 Beta
a=0.3 b=9.757
2 Log-Logistic (3P) a=1.6836 b=0.39028 g=0.29088
3 Frechet a=1.7537 b=0.55983
Summary
D Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.07585 2 0.44877 1 3.9584 1
2 Log-Logistic (3P) 0.06971| 1 0.58541| 6 4.6224 3
3 Frechet (3P) 0.07803| 4 0.54084| 4 4,749 6

b) Credit cards

Fitting Results

Distribution Parameters

8=6.5315 5=33.985
1 Beta
a=1.7492 b=28.555
2 Nakagami m=3.7524 W=39.196
k=6.5391 a=2.8183
3 Burr (4P)
b=7.752 g=2.3858

Summary
D Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.06666 1 0.73394 5 2.2283 1
2 Nakagami 0.08186 5 0.7688 9 7.4602 7
3 Burr (4P) 0.08301 7 0.7328 4 8.7255 13

¢) Commercial real estate

Fitting Results

Distribution Parameters
2,=0.28827 &0.81
1 Beta
a=-7.8816E-15 b=8.41
2 Frechet a=0.75406 b=0.26264
3 Pearson 5 a=0.66295 b=0.14586
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Summary

D Kolmogorov Anderson Chi-Squared

Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.07986 1 2.6953 2 4.8467 3
2 Frechet 0.0826 4 2.6576 1 5.9044 10
3 Pearson 5 0.0811 2 2.7657 7 5.6134 6

d) Business loans

Fitting Results

Distribution Parameters
2,=0.99801 &#1.9721
1 Beta
a=0.23 b=4.8464
g=0.53685 d=0.86597
2 Johnson SB
1=4.9533 x=-0.09346
3 Dagum k=0.14322 a=8.1713 b=3.2594
Summary
Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.07637 3 0.94906 1 8.9241 3
2 Johnson SB 0.07658 4 1.0035 P 9.69p4
3 Dagum 0.102972 8 1.3562[5 4 7.7197 p

e) Lease financing receivables

Distribution

Fitting Results

Parameters

al=1.7917 a2=5.9455
1 Beta

a=0.04394 b=2.8667
2 Gen. Gamma k=0.96612 a=2.9741 b=0.22432
3 Dagum (4P) k=0.14409 a=7.3519

Distribution

1 Beta

Summary

Kolmogorov Anderson Chi-Squared

Rank Statistic Rank

0.46397| 1 6.3747 2

Statistic Rank Statistic

0.06212| 3

2 Gen. Gamma (4P)

0.05918| 1 0.48145| 2 9.5403 | 24

3 Dagum (4P)

0.07133| 12 | 0.53953| 6 8.6416 14

g) Consumer loans

Distribution

Fitting Results

Parameters
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2,=3.8069 a=3.1948E+6
1 Beta
a=0.88405 b=1.2140E+6
2 Inv. Gaussian 1=22.646 m=2.3299
3 Fatigue Life (3P) a=0.37679 b=1.8203 g=0.38041
Summary
D Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.06286 1 0.4082 1 4.5918 3
2 Inv. Gaussian 0.07149 4 0.51551 3 7.5844 12
3 Fatigue Life 0.08083| 23 0.52034 4 5.6529 6

h) Other consumer loans

Fitting Results

Distribution Parameters

2=2.4593 g=5.9691E+6
1 Beta
a=0.59996 b=2.2560E+6
2 Log-Logistic (3P) a=3.7133 b=1.0242 g=0.37291
3 Dagum (4P) k=0.50616 a=3.5854
Summary
D Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.04547| 1 0.24218| 1 2.092 2
2 Log-Logistic (3P) 0.04685| 2 0.28838| 3 2.0464 1
3 Dagum 0.0483 3 0.28525| 2 4.4402 12

With the aspects regarding the data employed inted above, the discussion about comparing thel Base

Il and empirical correlations follows in the nexttion.

3.4.4.2 Comparing Basel and Empirical correlations

Modelling and estimating retail asset correlati@mmains a daunting challenge and fa
debatable issue. The best method has not yet lederrdned by consensus (Lando and
Nielsen, 2008:2).

In the previous section, the data used in the pooé calculating the empirical asset correlaticaren
discussed. The empirical retail asset correlatesults for the different asset classes (derivenh ftioe

data in the previous section) are discussed inghedion. The impact of the different, calculatsdet
correlation values on regulatory capital is alscestigated.
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By using loss data it was possible to calculateetimpirical asset correlation values for each ofdigt
asset classes and compare these with those pesbtrypBasel Il. Statistical analysis was used tm-co
pare the difference in asset correlations. The eoabiasset correlation is significantly differdmm the
Basel Il specified correlation. These differences significant at the 5% and 1% levels. Thesetiedil
findings are summarised in Table 3.3 below.

Table 3.3: Summarising the statistical differenoesveen Basel Il and empirical correlations

Significance level 1% 5%

t-stat| -2.58 | -1.96

Commercial real es-

0
o
<)
@
o
g
b
o)
S
8
=
c
@
S

Credit card loans
Loans secured by
Consumer loans
Other consumer

1
‘»
]
S
=
S
@©
i
Q@
)
=
)

Business loans
Lease financing

Observations 79 93 79 93 93 93 93 93

Calculated correla-
u 4.29% | 1.38% | 19.18%| 4.64% 3.53% 6.95% 1.38% | 1.43%

tion

Basel stated correla-

tion 15.00%| 4.00% | 20.72%| 10.05%| 12.07% 13.09% | 5.67%| 9.14%
St Dev 0.11% | 1.04%| 0.69% | 0.52% 0.29% 0.32% 0.57% | 0.32%

t-statistic | -862.4 | -24.3 | -19.9 | -100.6 -287.1 -183.4 -73.2 | -234.3

p-statistic | 0.00% | 0.00% | 0.00% | 0.00% 0.00% 0.00% | 0.00% | 0.00%

Source: Author

The two different sets of correlations are showTable 3.4 and Figure 3.3 below. These empirical re
sults clearly indicate that the fixed correlationlues specified by Basel are considerably highan th
those experienced in the market. On average, tkelBatail asset correlation, for the period of 398
2008, was on average, 3ihes larger than those derived empirically (icually experienced) by banks.
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Table 3.4: Summarising the Basel Il and empiricatelations

Empirical

1985-2008 Basel Il correlation correlation Ratio a:b
Single family residential mortgages 15.0% 4.3% 3.5
Credit card loans 4.0% 1.4% 2.9
Commercial real estate loans 20.7% 19.2% 11
Business loans 10.0% 4.6% 2.2
Lease financing receivables 12.1% 3.5% 3.4
Loans secured by real estate 13.1% 6.9% 1.9
Consumer loans 5.7% 1.4% 4.1
Other consumer loans 9.1% 1.4% 6.4

Source: Author

Note that these results were obtained using FetRasérve loan loss data and are thus only repeesent
tive of US retail loans since 1985. The methodoltigat was used to extract these empirical cormaiati

is applicable t@ny data set of loan losses.

Even though the results derived from these dataaldmply that Basel Il correlations are considient
higher (see Figure 3.2 below) than empirically astted asset correlations, the fact that for thesde, d
Basel II's asset correlations were consistentihéigon average 3.2 times more) indicates thatishés

important deviation and a factor that requireshfertinvestigation.

Figure 3.2: Basel Il vs. Empirically extracted celations - vertical axis=asset correlation;

horizontal axis= retail asset class

25%
M Basel correlation M Empirical correlation

20%

15% -

Basel Average

10% -

Empirical Average

5%

F

0% T T T T

Single family
residential
mortgages

estate loans
Business loans
Lease financing
receivables
Loans secured
by real estate
Consumer loans I
Other consumer
loans

Credit card loans
Commercial real

Source: Author
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Under the AIRB approach, Basel Il allows banksdtcglate inputs to the provided equation for capita
calculation. However, two factors are implicitiyvgn by the Basel formula, the confidence interval o
99.9% and asset correlation (Altman & Sabato, ZZR)5:

Leighton (2006) asserted that the asset correladiancritical factor and the biggest single drgviiactor

of Basel II. In addition some academics and riskagers claim that Basel Il correlations are ovedyg-
servative and could lead to higher capital cha{@ese, 2006). However, in the light of ongoing (2D0
credit crisis (elaborated upon in Chapter 4) soaréi@pants in the global financial sector raisedaerns
about the levels of capital required by Basel It arquested a more conservative approach (Griffin,
2008), indeed, Basel Il has even been criticiseddasingthe credit crisis (as the average level of capital
required by the new discipline is inadequate aiglithone of the reasons of the recent collapseafy
banks (Cannata & Quagliariello, 2009:6)).

With this difference in opinion about the capithbege, banks can use the methodology introduces her
to determine which of the above views apply torthmiique situation. However, knowing the empirical
level of asset correlation only does not indicageamount of capital a bank needs to protect inagéhe
risks faced by the bank. The next section theredapores the impact of different levels of assetala-

tions on capital requirements.

3.4.4.3 Using asset correlation to calculate the capital guirement

When using the prescribed Basel Il equation imesing the regulatory capital for credit risk, chang
correlation assumptions has a significant impacteguired capital (Wood, 2008:32). Using the method
ology introduced in this chapter, the impact ofeag®rrelation on capital can be empirically defesd.
By inserting the asset correlations (both BasepHcified and empirical) into the Basel Il equasiotihe
different capital charges may now be calculatedn@/&quation 3.13 the capital charge for retainba

types as indicated belofv.

2 The capital charge was based on an exposureailtdef US$1million for each retail asset type.
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Table 3.5: Capital charge using Basel Il vs. engaitiasset correlation

Capital charge usinBasel Il cor- Capital charge usingmpirical cor-

LE8e2Ls relations relations
Average 63,588 23,207
aigggeagaerzily residential 23.702 39.135
Credit card loans 105,368 39,135
Commercial real estate loang 72,726 49,727
Business loans 64,443 25,075
Lease financing receivables 53,353 13,610
Loans secured by real estatg 45,423 18,371
Consumer loans 75,781 21,597
Other consumer loans 67,911 12,593

Source: Author

These differenceis the capital charges indicate that asset coroelgtvhich was the only different input
into the results above) have a considerable impadtapital charges. For the loan loss data (dieclss
extensively in Chapter 5) used, the Basel Il asegatelations were found to be extremely consereativ
The methodology introduced above could be usedratesence for future research for the way in which
empirical asset correlations change in severelg@dveconomic conditions. More importantly, anykban
may employ this methodology to extract empiricaedorrelations from their empirical loss datae Th
empirical asset correlations can then be appligdgdasel 1l equations to calculate the fair leafeéco-

nomic capital to be held by banks.

The methodology to be applied by banks is discuss#te next section.

3.5 Application of the methodology

The previous sections of this chapter explainedBtse! Il requirements for calculating regulatoaypital
which refers to the minimum capital required by thgulator to maintain an adequate level of liqyidi

based on the bank’s credit exposures.

More importantly, this chapter introduced a metiodyp to extract empirical asset correlations fram-e
pirical loss data which may be applied to the Balseljuations to calculate the fair level of ecomom
capital to be held by banks. As stated in Chaptercbnomic capital can be defined as the amount of
capital a bank needs to cover losses arising fl@runique risk exposure at a specific confideneelle
This capital requirement is calculated based onbidwek’s own dynamic, internal measures, not pre-

scribed by any external parties (Smithson, 2008)d&inition, the determination of economic capisal
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proprietary. banks are understandably unwilling to share mee®, procedures and methodologies that
may provide them with a competitive edge. In oriderbanks obtain such a competitive edge, the intro
duced methodology can be applied to their own doglifoss data which will enable them to calculate
fair level of economic capital. Applying the metlodagy introduced in the sections above is summdrise
as a 12 step process which may be employed by lardedculate their own economic capital for retail

asset types.
Step 1:Understand the rules

Banks need to determine the exact local and glodzplirements. Local regulators use national discre-
tionary rules in addition to Basel Il and banksdé&z know precisely what these discretionary rales

Banks also need to remain up to date with glolgirements as Basel || may change requirements (suc
as asset correlations) at any time, depending dusiny response and whether economic conditions re-
quire it to do so. Banks should therefore alwayangire the most updated version of Basel Il for asse

correlation requirements.
Step 2:Determine capital charges for each loan type

Determine the individual capital charge for eacdmltype using the correlations specified by Basgld-
ing Equation 3.13). This step involves simply ctdtng the regulatory capital charge as prescried

Basel Il. This value will later be used to compaith the empirically extracted asset correlation.
Step 3:Gather data

Obtain loan loss data for each category of loar.tythis study employed historical net loss empiirica

data measured on a quarterly basis.
Step 4:Calculate the mean and standard deviation of |azss Idata

The mean 4) and standard deviatioro) of loan losses using standard statistical tealesgshould be

determined.
Step 5:Calculate Alpha¢) and Betaf)

The only inputs required for calculatiag Equation 3.8andg (Equation 3.9pare iz and o which are eas-

ily obtainable from loss data.
Step 6:Generate the Beta distribution

A Beta distribution for the loan loss data is tlygmerated. The Beta distribution is easy to appty ef-

fective for this analysis.
Step 7:Calculate the loan loss value at the correct aberfice interval

The inverse Beta functiorBETAINViIn Microsoft Excel) allows the user to estimateadue at which
0.1% of loan losses exceed this value (in otherdgjoat which point 99.9% of loan losses are leas th

this value) — this is the total loss at 99.9% adarfice interval.
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Step 8:Calculate the Expected Loss (EL)
The average PD is thexpectedoss. Knowingu (i.e. average PD) from Stepthis is the EL.
Step 9:Calculate the Net Unexpected loss (NUL)

The NUL can simply be calculated by subtracting Biefrom the total loss (value obtained in Step 8

subtracted from the value obtained in Step 7).
Stepl10:Calculate the empirical correlatiom)

Apply the NUL and Equations 3.16, 3.17 and 3.18 iBguation 3.18 and calculgieThis is the empiri-

cally extracted asset correlation.
Step 11:Usingp to calculate the fair level of economic capital

Usep extracted in Step 10 to determine the fair lewdlsapital to be held for each retail loan class. |
this step, the empirical (from Step 10)s simply applied to the prescribed Basel Il (Equat3.13) in-
stead of Basel Il prescribed correlations usedt@p 2. The values obtained in this step can thezdie

seen as the fair levels of economic capital toddd hy banks.
Step 12:Using different capital charges.

The capital charges obtained in Step 2 and 11 eacompared to determine if the capital charge pre-

scribed by Basel Il is too punitive or too leniémt the bank analysed.

This methodology represents the main contributibthis chapter as it is a new application that sank
may apply not only extract empirical asset correfet from their loss data, but more importantlyc&d-
culate the fair level of economic capital that dddae held to protect them against the credit fésled in

different retail asset classes.

3.6 Conclusion

The primary purpose of this study is to introduateglation methodologies which will allow all barks
empirically determine their own unique parameteosnftheir own loss experiences. Knowing these em-
pirical values will allow banks to ascertain whetloe not the BCBS-specified fixed parameters ensure
that capital requirements are indeed in line whigirtown experiences. Banks applying the methodesog
introduced in this study is able to calculate taiwels of economic capital which is sufficient tover

losses arising from specifically credit and marksts faced by banks.

If banks find that the fixed BCBS parameters arelémient, they can choose to raise levels of eguno
capital reserves appropriately. However, if them@meters are or too onerous, banks can judgédar-t
selves whether or not current economic conditioasrant such severe levels of capital. In eitheecas

banks using the suggested methodologies is al@stéblish their unique, empirical capital requiratae
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without blind acceptance of obscured parametethércapital calculations of Basel Il. This chagter
troduced a calculation methodology specifically éoedit risk and more specifically for capital adks
tion under the AIRB approach (in which banks magide on and use all their own parameters, but must

still use BCBS specified capital formulas).

When modelling the risks to which banks are expdbede are numerous differestientific elements
that should be considered and investigated in dalarodel the risks effectively (Currie, 2004:9)s skt

correlation was the scientific credit risk elemexrplored in this chapter.

This chapter comprised three main sections. Tis¢ $iection presented a literature study which eaer
the relevant credit risk definitions and conceptd #ocused specifically on the capital calculaticame-
work prescribed by Basel Il. As this chapter inigegied asset correlations and their impact on tres
capital charges, a thorough description of thisctegs required in order to contextualise the sutbged

draw accurate conclusions on this topic.

Section 2 used the literature discussed in Sedétiand introduced a methodology for extracting erogir
asset correlations using empirical data. Retaillittess data for the last 22 years, sourced dirdicim

US banks, was used in this chapter. Retail credit specifically investigated as this loan type hais
received as much attention from industry and ragoyaresources as (e.g.) corporate lending. Tha dat
were then employed in the calculation methods pitessd by Basel Il (introduced in Section 1) to also

calculate the capital charge for credit risk.

In Section 3, the methodology introduced in Seclomas summarised into an application section which
may be employed by banks to extract the empirisaétacorrelation from a set of empirical retailslos
data. Banks can use these derived asset corredataralculate fair levels of economic capital fasihe
Basel Il equations for credit risk). Section 3 gisesented a summary of the results which indicttat
the required regulatory capital is roughly threees higher than estimated economic capital, réfigct
high — perhaps even punitive — measure of congemaimposed by Basel Il. This finding is, however,
reflective of the specific data used and resultswairy with each different set of data. A compresiee

discussion about the results obtained from thefsgt loan loss data follows in Chapter 5.

With a calculation methodology introduced for ctetk in this chapter, the next chapter extends th
investigation beyond credit risk (dominant in thenking book) and into market risk (prevalent in the
trading book). Chapter 4 introduces a calculati@thmdology which, similar to the methodology intro-
duced in this chapter, can be applied by any bhowever, while this chapter provided a methodoltmyy
determine empiricahsset correlation, Chapter 4 provides a methoddlogtywill enable banks to deter-
mine the empiricaholding periodfor credit instruments in the trading book. Thepa@al holding pe-
riod may then be employed to calculate a fair l@falapital to be held for the trading book, basadhe

bank’s own unique trading book exposures.
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Chapter 4

Fair trading book capital using empirical unwindipéds

Banks’ failure to align Incremental Default Riskigelines with existing market
risk capital rules could have a detrimental eff@@enyon, 2007).

4.1 Introduction

The main purpose of this study is to introduce métiogies which can be used to empirically estimate
some of the fixed — yet unclear — variables preserasel Il's equations. The methodologies derived
could allow banks to empirically determine theirrounique parameters from their own unique loss ex-
periences. The empirically-calculated values wlibwa banks to determine whether or not the BCBS-
specified fixed parameters ensure that capitalireonents are indeed correct. The methodologies-intr
duced in this chapter may be employed by banksspective of their size and complexity, to deteavan

fair level of economic capital specifically for th@ding book (traditionally dominated by markeskii

Banks use economic capital for risk-based pricieg.(for credit securities in their trading book}.
many banks, the price includes the cost of the @mimcapital required (Dvorak, 2005:14f)the capital
charge prescribed by Basel Il is too lenient, bacds increase economic capital reserves approlyriate
and if it is too onerous, banks can judge for theues whether or not prevailing economic conditions
warrant such capital requirement severity. In gittase, banks using the suggested methodologasds
to establish precisely their uniguempirical capital requirements without blind acceptance lwdonired
parameters in the capital calculations of BaseEllen though the regulatory capital cannot be edter

banks can and do use economic capital in decisaking.

Using actual loan loss data (Chapter 3), regulatoedit risk capital has been shown to be approtéipa
three times higher than empirical economic cradk capital reflecting a high — perhaps even pueitt
measure of conservatism imposed by Basel II. Tihdirfg is, however, reflective of the specific dat
used and results will vary with different data. §lchapter extends the investigation beyond creéskt r

(dominant in the banking book) and into market (zlevalent in the trading book).

The investigation into — and modelling of — bardks through empirical loss data embraces manyn'scie
tific elements' (Currie, 2004:9). In the previodsapter, asset correlation was explored as the tfaen
element of credit risk models. This chapter ingzges incremental default risk (IDR) which représen
the credit risk present in the trading book. Magpedifically, the scientific element in this chapterthe
length of time required to unwind a financial pmsit(the 'holding period’) without materially affem
underlying asset prices. This is one of the vewy éemponents of contemporary risk models which may
be altered subject at the practitioner's whim. Maker constituents aalculatedand hence manipula-

tion of their values is more difficult. Estimatiragcurate, empirical holding periods allows economic
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capital for market risk to be fairly allocated iontrast to regulatory capital which imposes fixedding

periods for different loan classes.

This chapter introduces a calculation methodolegyich may be applied by any bank, to determine the
empirical holding period for credit-risky instrumenn the trading book. The empirical holding pdrio
may then be employed to calculate a fair level agital to be held for the trading book, based an th

bank’s own unique trading book exposures.

4.2 Chapter layout

This chapter comprises three main sections. Adlitee study (which covers all the relevant tradogk
concepts and developments) is first presented. §d¢uson also introduces and discusses creditensk
bedded in the trading book, a relatively new dewelent in the Basel framework. A thorough descriptio
about this topic is required to make a proper aiglgnd develop an accurate methodology for capital

calculations.

The next section introduces the background mathesnaggarding the methodology as well as an explo-
ration of the required parameters. This section algplies the mathematics to a specific set oflkaani
bond® data. The properties of the underlying data aserised in detail as well as the modelling proce-

dures and evidence for the assumptions used icalbalations.

Section 3 summarises the methodology introduceSeiction 2 and presents a step by step application
process which can be used by any bank to calcitkaitewvn empirical holding period for trading book
credit exposures (based on empirical data). Thigirgeal holding period for credit risky instrumerits

the trading book is an important value as it ccagdof strategic interest to banks who wish to cheitee

fair levels of economic capital for market risk.

4.3 Literature study

This literature study covers a wide variety of agpis, definitions and developments needed to compre
hend the methodology presented in this chaptes 3édtion first establishes the definition of marek
within the context of Basel Il and then providelsrif history of this risk type from its origin 993 to
contemporary analytical techniques which are nogdus describe and measure it. Since market risk wa
introduced 1993, the BCBS has made a distinctigwdsn trading and banking book activities and has
required banks to hold different regulatory capitalthese books (BCBS, 1993:5). This, as welliafbr

history of market risk, is discussed in this chapte

As this chapter essentially investigates fair levatonomic capital for market risk, the conceptsagfital

requirements are also investigated in this sediddlowed by a theoretical overview of Value at Risk

%0 The reason vanilla bonds were chosen as the taiskly instruments" in this study was their sinajiy.
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(VaR) — the most important (and by far the mostaljidused) measure of market risk (Haetz al,
2006:2295).

This section also covers other important concepeslad to understand and implement methodology in-
troduced in this chapter. These concepts incluake, Specific Risk Charge, calculating the markek ris
charge under Basel Il, regulatory criteria for gadl bad models as well as the different approaches

(from Basel | to Il) for calculatingredit riskin the trading book.

As there have been several developments which intpacegulatory capital charge for market riskcsin
the onset of the credit crunch (which began in 200is literature study also discusses credit nisthe
trading book before the credit crisis (also reférte as the ‘credit crunch' in this study) as wasllthe
credit crunch itself. This is important as the isrisas had considerable impact on the BCBS'’s peipos
capital calculation methods. As a direct resulthaf credit crunch, the BCBS introduced the Incretaden
Default Risk (IDR) as part of a proposed Baselnieadment in November 2008. Industry responses to
this concept as well as the potential consequenicesgulatory changes it will incur is discussedhiis
chapter. IDR is a critical concept that must beangtbod in order to follow the methodology to ofi-es
mating the empirical holding period, which allovesrf empirical allocation of economic capital ftwet

trading book.

4.4 Definition of market risk

Interrelated economic and political events drivieggmovements of all securities, including interases,
exchange rates, commaodities and share prices aityabdsis. The IMF (2004:169) defines market sk
the risk of potential losses on financial instrutsewhich arise from these movements in market price
Variations in value have an effect on the incoma eapital of individuals and institutions that tghesi-
tions in these financial instruments. The BCBS G200) defines market risk as the risk of lossesnin
and off-balance sheet positions arising from mowvama market prices. This includes all risks exqubs
to interest rate related instruments and equitidsaink trading books (which is defined in the nest-

tion) as well as foreign exchange risk and comniesliisk throughout the bank.

Market risk has a direct effect on capital andnmend has thus always been a primary concernrfan{
cial market participants (Van de Venter, 2000:2¢g&ators also have a particular interest in tisk r
type which is an important element in the overalaficial health of the banks they regulate. Mapaat
ticipants’ exposure to market risk is rooted in pnebability of an unfavourable movement in theerof
an underlying asset. The fundamental measuremamitgie for this risk type is therefore is basedhmn
volatility of the underlying asset’s price. Beirfgetessence behind trading in financial assetstiltylas
the most basic statistical risk measure for traglegbts as it measures the relative price changeshg

returns) of a single asset or portfolio of assétn(de Venter, 2000:2).

Measuring the price stability is, however, a cowgied activity. The first element of complexityslia

the fact that risk — which drives instability —determined by infinite possibilities of random etgeim the
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world. It is therefore impossible to measure isagyle number with no uncertainty. To answer thesgu
tion 'what is the maximal loss that can be suffereer a specific time horizon?' the only honest atcl-
rate answer is that 'everything can be I@tiener, 1997:21 However, as the probability of losing every-
thing is very small, the 'very small' must be qifeett as accurately as possible. The market riglosmure

of a traded asset is derived directly from its tititg, so risk managers have the challenge ofnesting
volatility and therefore attempt to accurately c#dée market risk exposure. The most popular armthyi
accepted technique to estimate market risk is VatuRisk (VaR) (Van de Venter, 2000:2) and one of
VaR's key inputs is the volatility of the underlgiportfolio®* A detailed discussion of VaR follows later
in this literature study. The next section introglsiche history of market risk and then distingusshe-

tween the banking and trading books.

4.4.1 A brief history of market risk

In April 1993, the BCBS released a document whielldexplicitly with the regulatory treatment of
market risks (BCBS, 1995:1). This was issued fane®nt by financial participants in the market and
was an important improvement on the 1988 Baselt@lafgdequacy Accord, which focussed primarily on

credit risks and largely ignored market risk (Krandva & Rachev, 1999:2).

The document formed a regulatory backbone which @ét the original framework requiring banks to set
aside capital for the market risks to which theyevexposed. The use of a standardised methodotogy f
market risk management was investigated and sesea foundation for applying capital charges to a
bank’s open market positions. In the industry resps that followed, some concerns (which the BCBS

considered important) surfaced. In brief, the nimgtortant comments were that the proposals:

. did not recognise the most accurate risk measuremethodology and hence did not offer ade-

gquate incentives to improve market risk managemmdels and

= did not sufficiently incentivise risk diversificat as the correlations and portfolio effects across

markets and instruments were largely ignored.

In addition, the proposals were too difficult toglement as they did not seem to be compatible with
banks' internal measurement systems and thatdivairrisk management methodologies calculated more

accurate market risk estimates without any addifionst proposed by the BCBS (1995:1).

To address these problems, the Group of THigypported and promoted an approach to measuring ma

ket risk in a study called: 'Derivatives: Practieesl Principles' in July 1993. This approach waspite-

1vaR may be calculated using one of three diffeneethods: the Variance-Covariance, Monte Carlo antbHisl techniques.
The historical method does not employ any assumgptiegarding the volatility of the underlying poiib constituents but the
Variance-Covariance and Monte Carlo methods do.

32 Established in 1978, the Group of Thirty is a atéy non-profit, international body composed ofiserepresentatives of the
private and public sectors and academia. It aintetgpen understanding of international economicfawaghcial issues, to ex-
plore the international repercussions of decistaken in the public and private sectors, and toréxa the choices available to
market practitioners and policymakers.
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cursor to modern VaR approach&8uring this prominent year for market risk, ther@ean Union fur-
ther strengthened the thoughts about market riskstyucting the setting of capital reserves taabaé
market risks in the Capital Adequacy Directive 'EB®3' (Khindanova & Rachev, 1999:A. more
modern VaR description was developed by JP Morgdhe early 1990s to assess portfolio risk (JP Mor-
gan/Reuters, 1996: iii). The VaR methodology wamntimtroduced beyond Wall Street during October
1994 after its creators started to circulate spe®éR calculations on the internet. The JP Morgeath-
odology, known afiskMetrics evolved into the foremost standard for the irdéonal VaR description

and measurement.

Due to the efficiency and wide industry acceptaoicthe VaR methodology, the BIS advised the disclo-
sure of VaR numbers in a discussion paper on pulidiclosure of market and credit risks by financial
intermediaries (also known as the Fisher reporf)984.Discussions and new initiatives which were fo-
cussed on internal risk management became veryipeoitin market risk discussions and was one of the
key drivers behind th&upervisory Treatment of Market Risksued jointly by the BCBS and the 10-
SCO* Technical Committee in May 1995 (BCBS, 1995:1)isThroposal by the BCBS asserted that
banks could use their own internal models in VaRuwations to determine capital requirements éto

al, 1996:142).

This internal models-based approach, proposeddBE@BS, was not aimed at providing banks absolute
discretionary freehold on VaR calculations (anddeenapital requirements). Internal models for VaR
calculations were to be based on a series of datw and qualitative standards set by the BCB® T
guantitativestandards refer to a number of general risk measne parameters to be used for internal
modelling. A simplified rule for converting modebdssed exposure calculations into regulatory cajstal
also included in these standar@ualitativestandards were designed with the purpose of ernginiag-

rity and accuracy in banks’ modelling process (BCB$5:2).

Market risk was formally taken to a level of incsed importance in January 1996 when the BCBS
amended the 1988 Basel framework to include maiglet This new framework called tifenendment to
the Capital Accord to incorporate market riskipulated two approaches to calculate regulatapyital

for market risks: thestandardisedand theinternal modelsapproach (BCBS, 2005a:3). However, before
discussing these two approaches (and further dewelots of market risk), the concepts of the 'bagkin
book' and the 'trading book' are introduced asdibinction between the two is very important fhist

study. The importance of this distinction is expéad in the next section.

*VvaR is the measure of potential change in value pdrtfolio of financial instruments with a giveropability over a specific
time horizon. VaR answers the question: how muchbeafost with x % probability over a given time fzan (JP Morgan,
1996:6).

34The Technical Committee of IOSCO is a committee efghpervisory authorities for securities firms iajon industrialised
countries. It consists of senior representativeshef securities regulators from Australia, Canadanée, Germany, Hong
Kong, ltaly, Japan, Mexico, Netherlands, Spain, &we Switzerland, United Kingdom, and the Uniteat&t (BCBS, 1995:1).
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4.4.2 The banking and trading books

With the introduction of Basel |, banks began tor@ase proprietary trading considerably. This means
that banks began to trade much more for their aveount as they were not subjected to a capitalgehar
This resulted in the BCBS amending Basel |, rasglih the 1996 amendments. The amendments divided
bank assets into two parts, the trading and th&ibgrbook (Jorion, 2007:60). As banks which comply
with Basel Il allocate risk positions to either thanking book' or the 'trading book’, a distinctlmetween

the two needs to be established.

The trading book contains positions that are matketiarket and actively hedged, giving it a more-ma
ket risk flavour as they would mostly not be hetd &n extensive period of time, but intentionalty f
short-term resale (BCBS, 2004:150). Hedge positiefier to positions that offset the component risk
elements of other trading book positions. Positionghe trading book should therefore be highlyitiq
as these positions have to be easy to sell orlydageliiged. Basel Il also specified the followingsicare-
quirements for positions or instruments to qualdy receiving trading book capital treatment (BCBS,
2004:150):

i. atransparent and documented trading strategypapgiby senior management must be available

i.  a bank must have well-defined policies and procesldiesigned to actively manage positions in
the trading book. These policies and proceduresldhnclude the following six important func-

tions:
= positions should be managed on a trading desk,
= position limits should be determined and monitdedappropriateness,

= traders should have the right to manage positiatisnspecified limits and according to the

approved strategy,

= all positions should be marked to market on a dadlgis. In addition, when marked to model
(assets priced according to a market model as swmuoerities such as Over the Counter
(OTC) options may not be liquid) the parametersukhbe assessed daily. An OTC refers to
the trading of instruments not listed on any forreathange and as transactions are indi-

vidually negotiated electronically or over the fiHene (London Stock Exchange, 2009),

= positions should also be reported to senior manageas part of the institution’s risk man-

agement process,

= positions should be actively monitored accordingrarket information sources. This in-
cludes the assessment of quality and availabifitparket inputs to the followinghe valua-

tion process, level of market turnover, sizes aitjons traded in the market, etc,

iii.  well defined policies and procedures should belacgto ensure that the positions in the trading
book are monitored against the banks pre-defiretirtg strategy. This includes monitoring the

turnover and bad positions in the trading book.
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The banking book could be described as all othmanging instruments held by the bank of which loans
are the largest. Subject to accrual accountingbtireking book more formally refers to positionsttha
could be considered to have the same characteriaiche traditional loan portfolio where assets ar
normally held to maturity. Capital requirements #nerefore associated with longer holding periods.
From a regulatory perspective, commercial bankdsolore capital for assets in the banking bookevhil

securities firms hold more capital for trading b@sisets (Nazareth, 2007).

The next section explores the two approaches tuledé regulatory capital for market risks namdlg t

Standardisednd thdnternal Modelsapproach.

4.4.3 Market risk capital requirements methods

With market risk becoming increasingly relevantmarket participants the BCBS gave bank two differ-
ent approaches in the 1996 amendments. Banks calddlate market risk by using two approved meth-
ods namely th&tandardised Mod€EM) or thelnternal ModelsApproach(IMA) (BCBS, 2005a:3).

The fundamental difference between these two appesais that the SM uses a risk bucketing approach
to measure general risk and ignores specific niskto the simplicity of the approach while the INAA
lows banks to recognise the effects of correlaioross and within risk factors to be taken intcoact.

The IMA also allows the measurement of specifik f@ equity and interest rate positions.

4.4.3.1 Standardised method

The SM was originally proposed in April 1993 andbsed on a pre-specified, standardised building-
block approach (Het al, 2004:602). The level of market risk in the basldetermined by the exposure
to interest rate risk, exchange rate risk, equgtlk and commodity risk. This is calculated by ussue-
cific guidelines for each type of exposure. Regulatapital for market risk is determined by a staam

tion of risk charges across the four categoriestimeed above (Jorion, 2007:60).
The SM, however, received the following three intpot industry criticisms:

i. it failed to acknowledge the most accurate risk sneement techniques as it did not provide

enough incentive for banks to improve their risknagement systems,

ii. it did not sufficiently reward risk diversificatioas it did not take sufficient account of correla-

tions and portfolio effects across instruments magkets and

iii. banks had difficulties combining this method witieit own measurement systems (Gibbons,
2007:2).

As a result, the BCBS developed an alternativeoopfbr calculating the capital charge for markekri
This method, the IMA, was introduced in April 1998CBS, 1995:1).
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4.4.3.2 Internal models approach (IMA)

The IMA was a major extension to the original semdised approach as this gave banks the opportunity
to use their own risk measurement models to deterittie capital charge for market risk. The BCBS ac-
knowledged that several banks had developed riskplEx management systems. In many banks these
internal risk models were far more sophisticateahtivere prescribed by regulators. Furthermore, the
IMA also served as a motivation for banks not w lbehind other institutions and to create more doun

risk management systems (Gallati, 2003:97).

The methodology for estimating the empirical hotderiod introduced in this chapter is based on the
IMA. This chapter investigates fair levels economépital for the trading book so the principlestio#

market risk capital requirements were necessarigstigated.

With the IMA introduced above, a theoretical ovewiof Value at Risk (VaR), which is used in the IMA
approach and is also the most important measurenarket risk, is presented next (Hamt al,
2006:2295).

4.4.4 The VaR approach

As one of the core responsibilities of financiadtitutions is evaluating the exposure to marketstisa
frequently-used methodology for market risks catiohs is VaR. (Khindanova & Rachev, 1999:2 216)
VaR is a concept designed by the financial indugssif and is relatively simple with the foremest-
vantage that has become a generally accepted stafodamarket risk measurement (Wiener, 1997:7).
Both the industry and regulators agree that VaRilshbe applied as the principal risk managemerit too
which contributes to unity in the financial world & enables market participants to compare theles
tween different portfolios and institutions. Theotwost important characteristics for a successaRV

calculation are relative simplicity of implementatiand stability of results (Wiener, 1997:7).

A general assumption in VaR estimates is thativelaharket movements are normally distributed. &or
distribution of losses with meanand standard deviatian at a confidence interval of 99%, there is a 1%
chance that losses is greater than &88m p (Marrison, 2002:98). Assuming this normal disttibn,
99% VaR may be defined agaR=y-2.32

Where:
= o= the standard deviation of the portfolio’s resiemd
= uis the mean return.

This is illustrated in Figure 4.1
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Figure 4.1: The relationship between VaR and stashdizviation.

Probability

1% Chance

-t > Portfolio Value
i VaR=232¢c

Source: Bakshi (2004:98)

Banks only consider the movement towards the lethe probability in VaR calculations (i.e. losses)
VaR is the value that represents the potential ghama portfolio’s future value. This is basedseweral

components the most important of which are:
i.  the portfolio volatility — usually measured by tstandard deviation,
ii.  the time horizon over which the portfolio’s changeralue is calculated and
iii.  the 'degree of confidence' chosen by the risk memag

The most important motivation for preferring thee usf standard deviations is the compelling evidence
that the volatility of financial returns is preditle, hence making it possible to forecast futaieies of
the return distribution (JP Morgan/Reuters, 1996:7)

4.4.5 The three VaR measurement methodologies

As long as banks cover all their material risksheir internal model, the BCBS does not prescribg a
specific model. The VaR measurement has, howewsgrbe crucial, as Basel Il provides banks more
than one option for calculating VaR (Gattial, 2007:1). There are three widely accepted methwés-
timate VaR (BCBS, 2005a:40) namely the:

i historical simulation
ii. Monte Carlo simulation and
iii. variance-covariance.

Although the VaR concept is relatively straightfand, its implementation is not simple in practicae
primary reason for its complexity is rooted in ttleoice of the most suitable, efficient and accurate
method (Coronado, 2000:Fach method has pros and cons which need to bédeoed carefully. The

three methods employ the same underlying idea wikitlased on assumptions that the behaviour of the
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financial market in the recent past serves as d guticator of what will happen in the nearby fituAll
three methods apply the same classic statistichhtques of percentiles estimation, which underveent

'renaissance’ since being used in the contexieo¥#R at the end of the 1990s (Coronado, 2000:2).

The most prominent difference between the specifiethods lies in the assumption of normality okass
returns. The two simulation methods (Monte Carld &fistorical) can be calculated using non-normal

distributions while the variance-covariance methesumes normality (Van de Venter, 2000:190).

4.4.5.1 Historical simulation VaR

The historical simulation method is also calledoa-parametric method as it does not assume a parame
ric distribution of risk factors. The historicalhwmilation method is perhaps the simplest non-parénet

method and is used by many large banks (Pritsk€6:862).

The historical simulation method uses historicédtiee differences in market prices to create arithis-
tion of potential future losses and profits foratfolio and then determines VaR as the percentiage
the loss that is exceeded only a certain percerghtfee time. Returns are determined by takingcive
rent portfolio value and comparing it to actuakprivariations experienced in the market (Van det&fen
2000:191).

As the historic simulation method uses observedketarariations for the estimation of expected fatur
market charges, no statistical calculations araired. The simplicity of this method is a major adtage
as it is an intuitively logical approach. This hths significant advantage of assisting risk mamnager

gain wider acceptance for VaR calculations (Vaivdater, 2000:191).

A major disadvantage of this method is, howeveat thbust historical data are needed to make atecura
predictions of the future. Furthermore, the older tata, the less relevant they become for thesicurr
market. There is therefore a complicated tradebefiveen more and newer data. More data provide a
more inclusive loss picture of the past such asualuevents. However, current risk estimates whieh
based on old market data might not always conveynbst accurate message for today’s market condi-
tions. When different timelines are used in hist@imulation VaR calculations, they often resuldif
ferent results for the same portfolio which demmatiss that results are not stable when using teiboal
(Wiener, 1997:11).

As this study investigates a wide range of bondfplios with simulated, random underlying elemeints
was not possible to obtain historical data to thmes extent as what random generated bond portfolios

could provide. This method was therefore not used.

4.4.5.2 Monte Carlo simulation VaR

The Monte Carlo method is also a non-parametrichoteind assumes that information about the com-

bined distribution of market changes is availaMe@nte Carlo simulations generate correlated random
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variables to model a probability distribution faatsstical data analysis (Svendsen, 2004:97). Tathad
generally assumes a normal distribution of undegyiisk factors (although this restriction can ke r
laxed). Distributions can be created by randomlgnloiming a large number of possible scenarios and
pricing the portfolio for each scenario whilst preang historical correlation structur@slarginn et al,
2007:600). The broad spectrum of scenarios prowadgsod approximation for the final value of thetpo
folio. A 99% confidence interval VaR is the lowgsrcentile of a return distribution. A small set of
simulations will produce a preliminary result whichn, if needed, be improved by running additional

simulations to enrich the data (Benninga & Wield&98:6).

The first step in calculating VaR by using the Mo@tarlo approach is to identify prominent risk éast

A joint distribution of these factors is then cansted, based on historical data implied by obskiree
turns. The simulation is then performed and a lamg@mber of scenarios simulated. For each scenagio t
profit and loss are measured at the end of thelatediperiod. These profits and losses are thearedd

and VaR calculated as a percentile of the retUifisrfer, 1997:14).

The biggest advantage of the Monte Carlo approatait it is flexible enough to incorporate timeiaa
tions, volatility, expected returns, fat tails agdreme scenarios in risk factors. For the instmisi@ an
investigated portfolio, the Monte Carlo approacboaincludes nonlinear price exposures and complex
pricing models (Jorion, 2007:266).

The biggest shortcoming of the Monte Carlo VaR métls that the underlying mathematics is highly

complex and the method often requires consideradaheputing time. Furthermore, if the valuations of

some of the inputs — which are used repeatedlye-irmorrect, the model quickly becomes erroneous.
Even though this approach is arguably the most cengmsive market risk measurement approach if im-
plemented and modelled correctly, it is expensivenplement from a system infrastructure as weklms

intellectual capital perspective (Jorion, 2007:266)

One of the reasons for not applying this approackhis investigation is that the joint distributiaf
many market parameters needs to be known in oodeerive the most accurate VaR. This concern was
raised by Wiener, (1997:15) who argued that whenettare more than three of four significant parame-

ters it is difficult to ensure the accuracy ofthk data and to build a multi-dimensional distriboit

The risk factors which characterise bond portfolios usually strongly correlated, particularlyhiétcon-
stituent bonds all originate in the same geograpdgon (as was the case in this investigation)ths
study investigates bonds, this is especially tBands with different maturities, credit ratings.efcom
an extremely complex random structure as the differinterconnected variables are difficult to meas

and there are no historical data on which to blasset simulations (Wiener, 1997:15).

4.4.5.3 Variance-covariance method

The third method for calculating VaR is the variemmovariance approach. As the variance for a vieriab

is an indicator of the spread of values, the cevae indicates the degree to which two variablegemo
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together. It is also sometimes referred to as thalyiical Method with the main advantage being the
speed of its calculations (Harlow, 2005:87). Thdarece-covariance method is based on the assumption
that portfolio returns are normally distributed.R/& then expressed as a multiple of the standevdhd

tion of the portfolio's return (Ozcelik & Rees, Z00).

The variance-covariance matrix contains informatiegarding the volatility and correlation of retsirn
relevant to the portfolio. It is a diagonal (symn@tmatrix with all the variances of every assegturn
down the diagonal axis whiles the covariances betvessets, appear off the diagonal axis. Variaauees
calculated using standard deviations of marketrmstwhile covariances combine standard deviatidns o

market returns with the correlations between mamtetrns (Van de Venter, 2000:190).

Important assumptions used are that risk fact@sittluence portfolialaily market returns are normally
distributed around a mean of 0%. These risk faatarsinclude a range of relative changes in intares
exchange rates and share prices. This assumptikesnitapossible to determine the distribution oftpo
folio profits and losses as they are also normath\the distribution of possible profit and losskter-

mined, VaR can be calculated by applying standathematical properties of a normal distributioneTh

VaR then refers to loss that is exceeded only @icepercentage of the time (Van de Venter, 2000).19

In order to calculate a bond portfolio's VaR, tladydVaR of each bond in the portfolio is requiréair-

thermore, the correlation is needed for the vagacmvariance matrix.

VaR= N x(Cl xg)x T (4.1)

Where:
= N is the notional amount invested in a securityanfplio
= (Tis the confidence interval,

= ¢ isthe instrument or portfolio return volatilitwkich implicitly takes account of linear correlat®

between portfolio constituents’ returns) and

= /T is the liquidity adjustment or holding period..j.the assumed time to unwind a portfolio of size

N without materially affecting the underlying coiisént prices of the portfolio.

Three of the above parameters are easily and ugamisly measurable, namdly, Cl and T ; the
portfolio volatility is responsible for the bulk dhis technique’s complexity — a significant amowoiit
which may be reduced by embracing the limiting (lugely simplifying) assumption that market returns

are normally distributed.

The variance/covariance (VCV) method employs matridtiplication techniques from linear algebra as
well as the eponymous VCV matrix, a well-known esantation of interrelated data which has the form

(for three returns series, 1, 2 and 3):
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The matrix is symmetrical about its diagonal (dia@celements are the variances of the returnss3etje
2 and 3 respectively and off-diagonal terms areadamces between relevant return series fands the

correlation between the returns of senesith m series. If the percentage weight in each constit(le 2
or 3) is represented by, w, and w, respectively, then the overall portfolio volagli{Botha, 2005:87)

is determined by:

2
Ul 01021012 Ula-wn Wl

(vvl W2 W3) 0-20- 11021 022 0-20-3p 23 W2

TOPs TTPy, 5 ) (W (4.3)

To obtain the VaR for such a portfolio simply inve$ multiplying the above by the notional amont

the confidence intervaCl and the scale factafT . The above technique obviously applies equallyt wel
to a portfolio comprisingn positions. Interest rate volatility is only margily less simple to measure.
Because the volatility obtained from the technigdissussed here is interest rate volatility ratem
price volatility, the relevant interest rate semsitinstrument's duration must also be calculaféie
product of this duration, the interest rate voigtiand the measured change in the interest ratesg
price volatility which may then be used in an ideat manner to the equity price volatility discusse
above (Maitland, 2002:130).

The attraction of this technique lies in its relatsimplicity, ease of implementation and endurimigust-
ness while opponents of this approach believe {8¥ Yhatrix to be unstable (often, such a matrixde-c
structed and assumed constant for a period of tonb: the portfolio weights change over the period
concerned) and that the assumption of normalityterreturn distribution is highly questionabledéed,
empirical research has long ago established thstegxie of a fat tailed, leptokurtic, negativelywskd

return distribution. Despite these criticisms, thehnique is widely used (Van Vuuren, 2008).

Other important concepts that are needed to uradetsand implement methodology introduced in this

chapter are discussed in the next section.

4.4.6 Specific (idiosyncratic) risk charge

The VaR approaches discussed do not refer tsmthémumamount that could be lost (conditional VaR).
VaR refers to the measure of market risk whichdatlis the expectedinimumloss associated with a
particular level of probability. This can be expladl by the following example: the expected minimum
loss of an investment associated with a probabdftyp% is -15% per dollar invested. In other words,
there is a 5% chance of losing at least 15% (Col&nFabozzi, 1999:92). Note that nothing has been

mentioned regarding thmaximumamount that could be lost.
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The capital charge for specific risk is intendegbtotect banks against unfavourable price movemats
positions which are the result of factors relatethtividual issuer and is comparable to credk (Bak-
shi, 2004:430). Specific risk includes the riskttaa individual debt or equity security varies bgrm or
less than the general market in day-to-day tra@@@©BS, 2005a:3). This also includes periods when th
whole market is subject to high volatility. Furtheare, specific risk also covers event risk wherm th
price of an individual debt or equity security wisharply relative to the general market. Thigpkap in

events such as takeover bids or other shock egantsevents which might include the risk of default

While the standardised approach applies a 'buittiogk’ approach for specific risk where the gehera
market risk arising from equity and debt positiame measured separately, the focus of IMA is the
bank’s general market risk exposure. This means ttie calculation of specific risk is done largely

through the separate credit risk measurement sggB@BS, 2006b:163).

Banks using the IMA are subject to an additionglited charge for specific risk if the VaR measuoesl

not include specific risk factors or if models dat meet all the qualitative and quantitative reguoients

for general risk models. The BCBS (2005a:46) spexitertain criteria for regulatory recognition of
banks’ specific risk modelling. In particular, thpecific risk models must explain the portfolioisthri-

cal price movements and capture concentrationshatgfer to the magnitude and changes in composi-
tion. Internal models must also be robust enougictmunt for unfavourable environments. Models must
capture name-related basis risk as well as evektamd finally be validated through backtestings{di

cussed later in this chapter).

The degree to which investors are exposed to speigk can be reduced considerably by diversiitat
within a portfolio. When a portfolio consists oflgrone specific asset only, the change in valuéhat
portfolio is exactly the same as the price movenwrthe asset of which it comprises. Therefore, the
portfolio is 100% exposed to the specific compamigk of price movement. However, if a portfolio-ex
ists of all types of assets in the market the pbafwill diversify away much company-specific risk
Well-diversified portfolios will only be exposed the unavoidable market risk (‘general risk’) endeed

in the markef? It has been shown that a portfolio comprising @abrrange of 30 or more assets will fol-
low averagemarket movements (Surz & Price, 2000:1). The ditieation effect is illustrated in Figure
4.2 below.

35 In this study, default (with regard to a partiewdligor) is considered to have occurred when it issin Basel Il lexicography
(BCBS, 2006a:100) — either or both of the two follogvievents have taken place: (a) the bank consitiatsthe obligor is
unlikely to pay its credit obligations to the bamgigroup in full, without recourse by the bank tti@ns such as realising secu-
rity and (b) the obligor is past due more than 8@sdon any material credit obligation to the baglgnoup.

% |ndividual instruments are always subject to thsin specific risk. In a well-diversified portfolidhese largely cancel each
other out, but this magot imply that the specific risk is cancelled out gkther. In light of this, the BCBS have included (in
Basel I) specific risk into the trading book capithbrge to compensate for this possibility (BCBS, 19%6e capital charges
due to specific risk are almost impossible to dalieuwithout precise knowledge of all the factstgi@ing to the instrument
(and the circumstances affecting it). For this o@aspecific risk was omitted from this analysis.
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Figure 4.2: Portfolio diversification and accociatenarket risk. Vertical axis=exposure to specifiakr

horizontal axis=number of assets in the portfolio.
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The calculation of the market risk charge, as pilesd by Basel Il, is now discussed.

4.4.7 Calculating the market risk charge

The 1996 amendment implies that a capital chargéespfor the market risk linked to the trading kpo
but also for currency and commaodity risks thateaiis the banking book (Jorion, 2007:60). The cépita
charge for credit risk excludes equity securitiad debt in the trading book as well as positionsam-
modities. Credit risk, however, includes all ovee-counter (OTC) derivatives in both the trading an
banking book. Banks using the IMA are requiredathon a daily basis, capital that is expressethas
higher of (Jorion, 2007:60):

= the previous day’s VaR or
* the average of the daily VaR over the last 60 mssirdays multiplied by a factdk,.
The Basel Il equation prescribed to determine tierial model's approach market risk charge on any

day is:

60
Marketrisk regulatorycapital= Max[k Xé) x ZVaR_iY VaR_lj +SRG (4.4)

i=1
Where:
= SRC-= the specific risk charge (defined later in thesteon)

= k= the multiplication factor which is determined lmgal regulators, based on their quality assess-

ment of the bank’s risk management system. Thi®faanges from 3 to 4 depending on backtesting
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results of banks’ internal models. Basel Il consdethis factor as essential to translate daily #aR
timates into a capital charge where sufficient @dpé available to serve as a cushion for potémntia
creasing losses due to unfavourable market conditaver time (Alentorn & Markose, 2008:48).
Regulators would not have sufficient comfort unléss VaR measure was multiplied by this factor
(BCBS, 1995:15). The reason regulators requireftutor is based on the possibility that the gaalit
tive and quantitative criteria might not be su#ici during periods of severe or prolonged market
movements. It is, however, important that the mlittation factor should not be seen as a substitute
for regular stress testing. Basel Il agreed thamtiultiplication factor should be added as a ‘pfas-

tor which is directly related to the performanceadbank’s internal model. It therefore introduces a
built-in positive incentive which rewards an acdarand highly predictive model. The multiplication
factor has also been designed by the BCBS to cosaperfor potential weaknesses in the internal

modelling process such that:

= Market price movements do not always follow thdistiaal simplifications used in the modelling

assumptions,

= volatilities and correlations observed in the pastl used in modelling assumptions could vary

considerably in future,

= VaR estimates are usually based on end-of-dayipositvhich ignore the intra-day trading risk,

and

= event risk that arises from unanticipated, advenseket conditions cannot be modelled accu-
rately (BCBS, 1995:3).

Even though Equation 4.4 is used by banks for taticlg the market risk charge under the IMA, there

are additional regulators requirements for bankEhvis discussed next.

4.4.8 Regulators’ criteria for good and bad models

The IMA does not give banks total freedom to deskgir own risk management systems. The approach
is based on the definition of a series of quammaand qualitative standards with which banks woul
have to comply. If banks are able to prove to ragut that these standards have been met, theyl-are
lowed to use their own market risk measuring mod€le regulator, however, allows the necessary

flexibility to account for different levels of delt@n banks’ systems (BCBS, 1995:2).

4.4.8.1 Qualitative criteria

It is important that regulators should be assuhed bhanks that opt for the IMA have conceptuallyrgb
market risk management systems in place which rmmeimented with integrity (BCBS, 2005a:36).
Regulators therefore receive a list of qualitativiteria that banks should comply with in orderb®
permitted to use their own internal models. Sewalitative criteria are specified by Basel Il. Teasi-

teria requirejnter alia, banks to have an independent risk-control univels as external audits. Specifi-
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cations about the design and implementation ofridlemanagement system, as well as fixed reporting
lines, are stated as criteria. Banks should alsmlwct regular backtesting and validation of therinal
models in order to demonstrate that sound risk gemant systems are in place. Basel Il refers t&-bac
testing as a formal statistical framework to veiifyactual losses are in line with losses projedtec
banks modelling process (BCBS, 2006a:192).

Backtesting of VaR models refers to the processr@lhethe actual portfolio returns or for a giverriho
zon are compared with the estimated VaR numbeen(®l & Oks, 2004:2). The process of backtesting
involves calculating the number of times (expressed percentage of the total days tested) théopor
returns fall outside the forecast VaR value and maning that number to the confidence level used. Fo
example, If a 95% confidence interval was used tivemperiod being investigated, the VaR model is ex
pected to be accurate only 95% of the time. Icieptable that 5% of all forecasts are inaccunatieed,

with a 95% confidence interval, they angpectedForecast inaccuracies in excess of those expécied

the confidence interval employed, however, provagulatory concern. The BCBS has established a set
of ‘traffic light zones’ (green, yellow and red) igh each refer to a region of increasing discomfitin

the VaR model under scrutiny as inaccuracies (oegtkons) swell.

There is a direct association between the numberadptions and the value of the regulatory mudiépl
tion factor, k . Up to four exceptions — for example — result&in 3.0, five exceptions givek = 3.4nd
ten or morek = 40If the number of exceptions falls into the reche@@which indicates deeper problems
with a bank’s market risk model) local regulatonstaanatically assignk a value of 4.0 (BCBS,
2006a:318).

The involvement of the board of directors and semanagement in risk management activities are re-
garded as an essential qualitative criterion. Manamnt must be actively involved in the risk control
process and banks should be able to provide evidinat risk management techniques are integrated in

management decisions and day-to-day bank procéBE&S, 2005a:36).

4.4.8.2 Specification of market risk factors

A significant element of a bank’s market risk moetlefining the appropriate set of market riskdes
to be included in the bank’s risk measurement aygCBS, 2005a:38). These market risk factors refer
to the elements that have an impact on the valwe lmdnk’s trading positions and include marketsate

and prices.

Although regulators allow banks to apply some degrediscretion in specifying these risk factors fo

internal modelling, the following guiding princigleshould be satisfied:

= for interest rates banks are required to have afg@tk factors which are relevant to the intemragés
in each currency for which the bank holds any #gerate-sensitive on- or off-balance sheet posi-

tions,
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for exchange rates the risk measurement systenidshmorporate risk factors corresponding to the

individual foreign currencies in which the bank'ssgions are denominated. Since the VaR figure
calculated by the risk measurement system is egpdeim the bank’s domestic currency, any net po-
sition denominated in a foreign currency will irdue a foreign exchange risk. Thus, there must be
risk factors corresponding to the exchange raterdost the domestic currency and each foreign cur-

rency in which the bank has a significant exposure,

for equity prices banks are required to have afask factors which are relevant to the equityrma

kets in which the bank holds any interest-rateiti#ason- or off-balance sheet positions and

for commodity prices banks are required to havetaosrisk factors which are relevant to the com-

modity markets in which the bank holds any interagt-sensitive on- or off-balance sheet positions.

4.4.8.3 Quantitative criteria

When the abovejualitative conditions are satisfied and banks have proveficerit specification of

market risk factors, the regulatory capital chaigemarket risk is based on a setqufantitativecriteria.

Regulators provide banks with the flexibility tositgn their models however; some minimum principles

apply in the modelling process (BCBS, 2005a:40dloegulators however, have the discretion toyappl

more conservative standards.

The quantitative criteria for the IMA are:

VaR should be calculated on a daily basis measatred
a one-tailed confidence interval of 99% using

a minimum holding period of 10 working days. Bargke however permitted to use VaR numbers
which were calculated for shorter holding perigo®vided that they are scaled up to 10 days by ap-

plying the 'square root of time' calculatitn,
an observation period based on at least a yedstoirital data must be used,

data sets must be updated at least once per qexbee frequently if market prices 'are subject to

significant changes'),

no model is specified, however, the model used mossider all the market risk factors mentioned

above,

banks are allowed to use empirical correlationiwibroad risk categories such as interest rates, e
change rates, equity prices and commodity pricegukRtors may recognise these empirical correla-

tions only if they are satisfied that a bank hasand correlation measurement system and

3" The 'square root of time rule' stems from a stasisproperty of variance of variable , namely thalvAF{nX] =n ISVAF{X]

(hencstde\[nx] = \/ﬁ Eﬂ;tde\[X]) and the assumption that variances are const&Mdrgan/Reuters, 1996: 87).
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= unique risks associated with options within therHoask categories must also be captured in the

bank’s internal model.

4.4.9 Creditrisk in the trading book: From Basel I to Il

There are only minor differences which distinguBdsel | and Basel II's treatment of regulatory sule
governing market risk. The significant differenserooted in the treatment of trading book (derxeiti
exposures. Market risk exposures under Basel hdidequire specific, accurate modelling while Bdke
sets out explicit, detailed methods to be evalubtelbcal regulators (BCBS, 2004:63).

Basel Il introduces the treatment of counterparégit risk in the trading book as follows:

Banks are required to calculate the counterpartydit risk charge for OTC derivatives, repo-
style and other transactions booked in the tradiogk, separate from the capital charge for
general market risk and specific risk. The riskgis to be used in this calculation must be
consistent with those used for calculating the dpequirements in the banking bo@CBS,
2006a:164)

Basel Il specifies that potential future exposwsilsuld be modelled by using Monte Carlo simulations
This implies that the way in which derivative expies could vary due to changes in interest andgiore
exchange rates, share prices and volatilities fneisimulated by banks. The average (expected vafue)
these simulated derivative exposures (over timeaturity) is then estimated and revered to as é¢he *

pected exposure’.

The expected positive exposure (EPE) increasesdghout the time to maturity. EPE can be defined as
the:

...weighted average over time of expected exposulnese the weights are the proportion that

an individual expected exposure represents of tieeetime interval (BCBS, 2006a:256).

The effective EPE is simply the average EPE. Thihié exposure used in the market risk calculamn

cording to Basel Il but only refers to derivativistruments.

The next sections explore the developments whiglaated the regulatory capital charge for markédt ris
since credit crunch began in 2007. Credit riskhie trading book before the credit crunch is exachine
followed by a brief overview of the credit crundself and the impact it had on the BCBS’ proposed

capital calculation methods capital charge for raarisk.

4.4.10 Credit risk in the trading book (pre-credit crunch)

Since VaR was introduced by JP Morgan in the beg@of the 1990s, it has established itself as the
most important measure of market risk (Hagtzal, 2006:2295). Berkowitz and O’Brien (2002:1110)
evaluated the statistical accuracy of the VaR fasecto determine the accuracy of banks’ tradisk ri
models. Their finding that bank’s VaR forecastsaveonservative under the Basel Il regime contrithute

to the perception that VaR provided a safe andcseffit level of market risk capital. VaR did reoeiv
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some criticism about issues such as being thealigtideficient and numerically problematic (Harét,

al, 2006:2295). Examples of problematic elements iredutthe extreme value theory, quintile regression
methods and Markov switching techniques. In additithe problems identified for VaR, some research
and work done was also done to improve it by expiprfor example, more sophisticated GARCH and
EWMA models for calculating volatility (Hartet al, 2006:2295). Despite the shortcomings of VaR it
was still recognised by Basel Il and remains thestmaddely used market risk measure in practice. Its
accurate calculation is also perceived as a fundtaheharacteristic for calculating other risk maas
such as expected shortfall (Dowd & Blake, 2006:194)

Basel II's confident attitude towards VaR is comfiad in Berkelaaet afs (2002:360) statement that even
though restriction exists in the VaR approach nyaihle to the gambling strategy of the risk managers
VaR-based risk management has a stabilising effie¢che economy as a whole. This made sense as the
VaR-based financial models used by banks on whidbase capital calculations upon are typically-esti
mates based on data from the several preceding.yiéaéine preceding years were characterised oy cal
and uneventful VaR movements, models assume sipdldierns will occur in the future. This is not, of
course, necessarily accurate in the real worldl{@ils, 2008). The approach was suitable until theeb

of the credit crunch (Griffin, 2008).

4.4.11 The onset of the credit crunch

On 9 August 2007, a liquidity crisis (due in pastthe enormous exposure of US banks to subprime
mortgages) erupted, triggering the onset of thgdsgfinancial crisis since the Great Depressioh9@0
(Cane, 2008). The terroredit crunchsoon became part of everyday language as featypadathe

world’s credit markets (although this quickly spit@éa most trading markets as well).

4.4.11.1The credit crunch defined

More than a year after the bankruptcy of Lehmarnttens, the unfolding credit crunch (November 2009)
has affected almost every segment of the finarsgiatem. Credit has been severely curtailed as banks
struggle to contain further losses caused by resliending practices that characterised the |lasti®e-
ades. Asset prices have tumbled as fearful invedtee to safer havens, abandoning traditional stive
ments and hedge funds with resolute consistencye@ments — in an attempt to stave off stagflation
and kick-start failing economies — have reducedradt rates to historic lows, initiated stimuluskzges
and instigated bank bailouts. The dire economidreninent characterised by diminishing industriad-pr
duction, falling house (and other asset) prices rigidg unemployment, has only discouraged spending
and investing and promoted capital hoarding. Inehsuing credit crunch, the regulatory economid-env
ronment (dominated by Basel Il) has proved woefullgdequate. Potential solutions have not yet pre-
sented themselves and the credit crunch looksylitelcontinue for the foreseeable future (Budworth,
2008).
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More formally Ghosh & Ghosh (2006:1) defines a d@redinch as:

A situation in which interest rates do not equitite supply and demand for credit and

the aggregate amount is supply constrained, iexetlis quantity rationing.
Banks were the hardest hit by this credit crunchbilions in mortgage-related investments had to be
written down. Some large investment banks that onlssl the financial world have disappeared or-rein

vented themselves as normal commercial banks (Hwe York Times, 2009).

4.4.11.2Main drivers of the credit crunch

The origin of the credit crunch can be traced btcknother important event, namely the technology
bubble which arose in the late 1990’s. In early®@@ock markets declined sharply in the US whigh r
sulted in a full recession in by 2001 and whichddsuntil the end of 2002. The Federal Reserve re-
sponded with significant interest rate cuts in #amapt to contain the economic damage (The New York
Times, 2009). During the years that followed, l@biending conditions for higher risk borrowerslatéd

an enormous debt bubble as people borrowed lowrnosey which was invested in property. Lenders
granted billions of dollars in mortgages to indivads with high risk credit ratings who had low ar in-
come or assets (referred to as sub-prime borrow&hs) perception at that time was that if individua
would experience difficulties with mortgage repaynse the rising house prices would enable them to
remortgage their property. This made logical, bessnsense given the low interest rate (1%) in thenU
the beginning of 2004 (Budworth, 2008).

The dilemma was the low levels of interest ratadadmot continue forever. In June 2004 interestolvhi
triggered a decline in US house prices. This redulh borrowers defaulting on mortgage payments
which sparked a devastating sequence of eventsfifBhahock came in June 2007 as two hedge funds,
owned by Bear Stearns, collapsed due to large expans the dangerous subprime market. Gradually
more banks discovered that securities perceiveadf@swere indeed affected with what came to be know
as toxic mortgages (Bajaj & Creswell, 2007). Evbough the Federal Reserve applied extraordinary
measures to strengthen Wall Street, losses couwtiténcrease. In March 2008 the Fed prevented the
bankruptcy of Bear Stearns by taking over billi@mdiabilities and facilitating engineering a sate JP
Morgan Chase. In Sept the US Treasury Departmeaendwaicted it was taking the government-sponsored
entities Fannie Mae and Freddie Mac to ensure theivival in the falling housing market (The New
York Times, 2009). When talks broke down betweevegoment and finance officials on 12 September
to prevent the bankruptcy of the investment banknh@n Brothers, the credit crunch became a global
financial crisis. Lehman collapsed and Merrill Lyinwas sold to the Bank of America to avoid a simila
fate (Weber, 2009).

An anonymous member of the 2009 World Economic Fosummarised the events above as follows:

The root causes for the economic crisis were toohmiebt, a culture of short-term re-
wards for long-term risk-takingndfatally flawed mathematical risk models. And plain
old greed Weber (2009).
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Sharp rate cuts and fiscal stimulus packages wereihtroduced globally to salvage the financiateyn
from the ravages of the crisis. At the time of imdt (November 2009), the credit crunch continues un

abated with no indication how long it will continee how severe the situation might become in future
(Weber, 2009).

4.4.11.3Consequences of the credit crunch

As banks had invested billions of dollars in the-puime backed instruments introduced in the pnevio
section, they had to write off enormous amountsohey losses as the value of assets crumbled during
the credit crunch. Not only did the losses incresigaificantly, investors became wary about buyamy
investment linked to mortgages, regardless of thality of assets (Budworth, 2008). Volatility ofeth
mortgage backed security increased dramaticalthedluctuation in value was noticeably more signif
cant. VaR, therefore, also increased dramaticAbyvolatility surged, banks using VaR anticipategicim
higher losses but only after the credit crunch (et al, 2008:3).

Figure 4.3 below represented return data derivewh fETSE 100 index returns. The figure illustrates r
turns measured over the last five years and a hggioal VaR (of the FTSE 100 'portfolio’) at a 95%-

fidence interval. The figure shows the increas€aR as a result of the burgeoning credit crunch.

Figure 4.3: Increase in VaR as a result of the @redinch — FTSE100 index returns
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Source: Bloomberg
This observation of VaR is consistent with a refoyrfThe Federal Reserve Bank of New York who plot-
ted the average VaR from 2001 to 2008 for BearrSseand Lehman Brothers (Adrian & Shin, 2009:21).
A significant VaR increase was experienced in fioid 2007 onwards. These increased VaR for these

two investment banks provides further evidence llaaiks' balance sheets were under considerab$s stre
during this time (Adrian & Shin, 2009:21).
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4.4.12 How VaR estimates failed during the credit crunch

VaR failed to detect the significance of the credgiinch according tderrill Lynch’s (2008) third-
quarter filing with the U.S. Securities and Exchari@mmission. The BCBS expressed concerned with

this in its comments on the increase in tradingdssand VaR exceptions (BCBS, 2007b).

Implicit in a 99% confidence interval, VaR forec#stthe tacit acknowledgment that 1% of losses will
exceed the forecast VaR. Exceptions occurring wbsses exceed forecast VaR over and above the ex-
pected number of such occurrences (Jorion 2000, Td0en the complete meltdown of financial mar-
kets, and the increase in market volatility acralssctively traded asset classes, it could becigatied

that a larger number of banks with significant ingdbook exposures reported increases in VaR excep-
tions. These increases in the number of exceptibalenge the assumed robustness of VaR models and
also expose flaws in VaR models. It is, therefoi, surprising that numerous banks tried to addiess
exposed inadequacies of VaR. Citigroup, for exampbenbines the VaR methodology with additional
risk factors that track the specific issuer riskdigbt and equity securities. Too many banks, howeve

simply accepted the normal VaR result as sufficfgvihalen, 2006).

The main concerns about VaR and the recent failitee method revolve around the following issues:
= VaR is not designed to accurately measure risknduiisis conditions,

= VaR does not give any clarity on events beyon®@% worst probability of losses,

= VaR measures trading or market risk only and dbeeetore not provide a complete risk overview,

and
= VaRis too dependent on historical volatility ahdrefore has short memoryBakhshi, 2007:10)

As VaR is a backward-looking risk measure whiclhesvily dependent on the averaging of historical
data whatever the method used to calculate iéschot sufficiently capture unexpected market khioc
as experienced during the credit crunch. This cawdyy clearly observed where sudden losses exceed

historical trends.

In an environment where risk events are large dmdramnally frequent, it can be anticipated that lsank

might soon have no other choice than to investighienative risk measuring methods (Whalen, 2007).

Despite these failures and shortcomings of the ¥satiRnates, Basel Il did not discredit VaR for marke
risk capital calculations as advised by numerouskeatgarticipants. Basel Il did, however, not tailact
upon the recent developments in the economy asrddit crunch highlighted several of areas that re-

quire increased attention (Brouwer, 2008).

4.4.13 Basel Il amendments: Incremental Default Risk (IDR)

With the root causes of the credit crunch explajnieel need to strengthen various aspects of riskrge

ance model had to come from the regulators (Brou2@08).
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The BCBS, however, anticipated the potential ridk coedit events in the trading book as the
Basel/IOSCO agreement reached in July 2005, cadaseveral improvements to the capital regime for
trading book positions (BCBS, 2005a:67). Among othéhe revisions included a new requirement for
banks that model specific risk to measure and bafital against default risk that is incrementaiy
default risk captured in the bank’s VaR model. TBR was incorporated into the trading book capital
regime in response to the increasing amount of sxgoin banks’ trading books to credit-risk relased
often illiquid products whose risk is not reflectedvaR (BCBS, 2007b:1).

In October 2007, the BCBS (2007b) released a dooufoe public comments which introduced guide-
lines for computing capital for IDR. These proposggidelines were introduced to banks as the market
risk charge at the time was not sufficient to cadesses. According to the BCBS (2007b), the in@das
losses that occurred during market turmoil thattsthin 2007 did not arise from actual defaultst bu
rather fromcredit migrations combined with widening of cregfireads and the loss of liquiditBCBS,
2008a).

An expanded scope for capital charges was therefeeded and the BCBS moved to embed the risk of
default (credit risk) in the trading book. IDR wesnsidered to be part of the specific risk componen
(which up to that point referred to the risk ofgarimovements in an individual company — referredsto
price risk (PR) in this study) due to specific etgetinat influence the capital charge calculatiorith@t
more specific guidelines however, IDR was poorlyplemented and difficult for regulators to monitor.

As a result, the BCBS issued the above mentionaduttative document in which,

the decision was taken in light of the recent dredarket turmoil where a number of
major banking organisations have experienced lafgeses, most of which were
sustained in banks’ trading books. Most of thossés were not captured in the 99%/10-
day VaR. Since the losses have not arisen fromaladefaults but rather from credit
migrations combined with widening of credit spreaasl the loss of liquidity, applying
an incremental risk charge covering default risklyonvould not appear adequate
(BCBS, 2008a)

In addition, the method proposed for the calcutatbtrading book credit risk:
...for positions covered by the IDR, the incremengglital charge would represent an
estimate of the trading book’s overall exposuredatain risks over a one-year capital

horizon at a 99.9% confidence level, taking intoamt liquidity horizons of individual
positions or sets of positiofBCBS, 2008a)

By introducing IDR, the BCBS now require that baifkdich opted for the IRB approaches) apply the
same capital charge standards to credit-relatetlopios in the trading book as they do in the baigki
book. Once the BCBS has finalised the revised reqeénts, banks must comply by 1 January 2010,
while banks is allowed an additional year to inasgte IDR into their capital charge modelling prese
The BCBS, however, assured banks that they willomb¢ conduct a two-stage quantitative impact study
to test these proposals, but will continue to wiidgether with individual firms as well as indusgroups
during and after the comment period. This is aimédefining the proposed changes and to support

regulators in implementing these new proposals (BCBO07b).
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The evolution of the market risk charge from 198&8he current charge is presented next by explginin

the increase in regulatory requirements over time.

4.4.13.1Basel | in 1988

No specified capital calculations were required.

4.4.13.2Amendments in 2004

VaR is formally introduced and the following equatican be seen as theginal market risk charge

Capitalcharge= OriginalVaR - basedmarketrisk charge+ Specificriskcharge

(4.5)
Market risk Pricerisk only
This may be written as:
Capitalcharge= k x VaRy2, + SR (4.6)
%,—/ .
Market risk

Where:
= k= scale factor (introduced in Section 3.4.1) and

= SR =specific risk charge (introduced in Section 4.3viA)ch consisted of price risk PR only.

4.4.13.3Basel Il in 2007

Except for the new derivative exposure rules, tlaeket risk charges were left unchanged from Basel |

4.4.13.4Proposed October 2008 amendments

A new capital charge was introduced with IDR aima¢@ddressing the absence of credit risk in theb tra

ing book. The proposed charge included the origthalge stated in Equation 4.4 (BCBS, 2007c:4):

Capitalcharge= OriginalVaR - basednarketrisk charge+ Specificriskcharge

4.7
Marketrisk Defaultrisk + Pricerisk
This can be written as:
H 10d
Capitalcharge= k xVaRyg, + | ng ] (4.8)
Marketrisk
Where:
IDR = CVaRggg,m (4.9)
and
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CvaR%y, = the capital charge applied to the credit-riskyetsén trading book (calculated to the same

degree of severity (i.e. at the 99.9% confideneellever a full one year period) as credit riskgeds
found in the banking book.

If price risk is sufficiently small (i.e portfolioare sufficiently diversified) then price risk elent of the
specific risk charge may be ignored. This is imaottfor the analysis conducted and presented ilater

this chapter. The proposed charge may thereforeriien:

Capitalcharge= kxMVaR.: + CVaR3g, (4.10)

Marketrisk

Where:
» MVaR = the original market risk charge prescribgdBasel Il and
= CVaR =the new credit risk capital charge for creidky assets in the trading book.

Banks are expected to comply with the proposed 2fifdelines for calculating capital for IDR in the
trading book in order to receive specific risk modezognition (BCBS, 2007b). The BCBS requested
public comments on the proposed consultative pbhpfare mid February 2008. Some industry partici-
pants made use of the invitation for public commeefihe International Swaps and Derivatives Associa-
tion (ISDA) provided the most extensive of theser{igon, 2007).

4.4.14 Industry response

Market participants expressed deep concern abeuB@®BS's recent (January 2009) IDR proposals.
Market participants stated that the rules wouldeaegulatory capital to punitive levels, stunt desel-

opment of risk models and even kill off entire mesis lines (Pengelly, 2009: 17).

The invitation by the BCBS to the industry to conminen the proposed IDR charges announced in 2007
was accepted by the ISDA (2008:2) and in an offi@aponse they raised their concerns. They elabo-
rated on these concerns by proposing some alteesatiSDA expressed concern that the proposed IDR
charges will have a large impact on the reguladibimanks’ trading books as the capital charge farket

risk is expected to treble on average comparetiaatrrent market risk capital charge (ISDA, 2008:2
Their findings were based on an ISDA study into ithpact of the proposed IDR performed on seven
international banks which contributed informatiorddechnical expertise to assist with the studpAS
2007:1).

Banks’ failure to align IDR proposals with the diig capital charge for market risk could have tride
mental effect as firms which are active in the eatmarket turmoil could potentially be distractgdthe
danger of default risk and not focus on the relexaard important elements of market risks (ISDA,
2008:2). This could happen if banks allocate toemeffort and resources for managing risks thatASD
do not consider being key drivers of economic Isss® therefore this would not encourage prudsht ri

management of trading book portfolios. ISDA ass#rét the proposed IDR charge consisting of a one
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year capital horizon with a 99.9% confidence indno be added to the existing market risk chasge i

unrealistic and almost certainly fails any 'us¢' (¢SDA, 2008:3).

ISDA (2008:03) put forward an alternative proposglrecommending that the requirement of a 99.9%
confidence interval over a full year 'unwind' peérfor credit risk assets in the trading book is ¢oerous
and should be reduced to a 60-day holding peridd thie same confidence interval. Not only will this
proposal reduce the capital charge to more realestiels, but also makes mathematical sense agothe
erning capital charges equations are reduced taticdd bases as well as identical scaling fact@s a

summarised below:

The proposed capital charge for market risk (Equati.4 — without the maturity factor not needed for

retail exposures) is:

Capitalcharge= k x MVaR® +CVaR>%,
—_—

(4.11)
Marketrisk
However, ISDA (2007:7) pointed out that:
inv(99.9%)
VaR® = \/Exnormsmv( VR
Reso [ normsiny99%) R
=[329 xvarR™ (4.12)

=k xVaRJ%

Wherek is of the same magnitude (and approximately theessize) as the standard scaling faktosed
in traditional market risk regulatory capital cdltions, i.e.3=k = 4. This is not a coincidence: ISDA
aimedto obtain a scaling factor of between 3 and 4Hercredit risk component as well and then reverse-
engineered the holding period of 60 days. Thisval&quation 4.11 to be conveniently and mathemati-
cally elegantly rewritten as:
Capitalcharge= k x (MVaI%;i + CVaI%S‘;O), with3sk<4. (4.13)
=
It is important to note that the choice of a 60 d#ayding period is to introduce less stringent talpi
charges for the credit component of market riskatTthis was achieved through mathematical manipula-
tion (only) of Equation 4.11 means, however, that entirely arbitrary. There is no empirical reason for
the choice of a 60 day holding period. What follawshe remainder of this chaptsrbased on empirical

data and doesot follow the arbitrary approach described by ISDA.

ISDA did, however, express its willingness to papi@te in future discussions on the IDR charge im-
posed by the BCBS (ISDA, 2008:1)

4.4.15 The future of IDR

In November 2007 the BCBS announced a comprehessiagegy to address the lessons learned from

the credit crunch. Among others, the BCBS'’s stiaiegluded, a clear statement that strengthenisig ri
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capturing in Basel Il (in particular for tradingdioand off-balance sheet exposures) is a poinbaid.
The BCBS (2008b) stated that they are committeatitiress the fundamental weaknesses exposed during
the credit crunch. This specifically refers to riegion, supervision and risk management of inteomat
ally-active banks. The BCBS furthermore stated thatr work programme is well advanced and pro-
vides practical responses to the financial stgtiéitirs raised by policy makers related to the bap&ec-
tor. Although these comments appear to endorséSIbA suggestions, the BCBS made it clear in an of-
ficial statement that:

The primary objective of the Committee’s strategyoi strengthen capital buffers and

help contain leverage in the banking system ari&iom both on- and off-balance sheet

activities. It will also promote stronger risk magement and governance practices to

limit risk concentrations at banks. Ultimately theal is to help ensure that the banking

sector serves its traditional role as a shock absoito the financial system, rather than
an amplifier of risk between the financial sectaddhe real economiVellink, 2008).

Even though Wellink (2008) stated that the BCBS plah to continue public consultation throughout
2009, the degree to which the BCBS would incormopatblic opinion in the new regulatory requirements

remained a point of uncertainty.

In January 2009, the BCBS (2009b:2) proposed axiditirequirements for credit exposures in the trad-
ing book with the introduction of a stressed VaBuieement. As losses in banks’ trading books during
the credit crunch have increased to a level whschigher than the minimum capital requirements unde
the Pillar 1 market risk rules, the BCBS will requbanks to calculate a stressed VaR by takinganto
count a one-year observation period relating toigant losses. This would be in addition to thaR/
based on the most recent one-year observationdoérlus study incorporates these requirementsen th
empirical capital calculations as the calculatedkaiarisk charge is calculated with stressed maeket

ment built into the modelling process.
The BCBS (2009b:2) also proposes to:

...discontinue the preferential treatment of a 48pital charge for specific risk of equi-
ties that is currently applicable to portfolios there both liquid and well-diversified. As
a result, an 8% capital charge for specific riskegfuities would apply in all cases.

As stated earlier in this chapter excludes SR idelimg; hence the proposal does not impact théysisa

of the bond portfolios investigated.
In addition to the BCBS’ (2009b:2) proposed changeswed to:

...initiate a longer-term, fundamental review oé thisk-based capital framework for
trading activities.

4.4.16 Potential consequences of proposed regulatory chagg

The impact of the changes to the current reguldiamework, with specific reference to market riisk,

explored in the next section. If the changes reduh a trebling of regulatory capital (as warngd®DA
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(2008:2)), the levels of economic capital wouldoathange dramatically if based on the principals of
regulatory capital calculations. The impact of pwei regulatory capital charges on banks could &e d
astating (ISDA, 2008:3). In the economic downtunis tcould lead to even less liquidity in the market
which might not necessarily be effective and cdrrelowever, before assuming that a bank might con-
sider the proposed capital charge for market riskd too onerous for their economic capital, the-co

trarian argument also needs to be explored.

With the surge in VaR levels experienced by battks,possibility does exist that regulatory capital
market risk might not be sufficient to cover mouagtiosses in a bank. Regulatory capital for marisét
might thus underestimate required market risk ehgfirom that perspective, this chapter attemptieto
termine whether economic capital levels would biicsant by examining recent market developments.
The goal of this chapter is, therefore, not to eepthe potential flaws in the proposed Basel |l rzane
ments, but to determine a fair level of economigited for the trading book to be held by a bankisTik
achieved by investigating empirical data from baakd applying the proposed regulatory requirements
to these data. In order to compare the BCBS's staisdwith the actual experiences in banks, thidystu

used loss data from several large banks (all offivbployed the IRB approach for credit risk).

4.4.17 Conclusion of the literature study

The literature study of this chapter covered a wddety of concepts, definitions and developments
needed to comprehend the methodology presentddsiithiapter. The next section introduces the back-
ground mathematics regarding the methodology akasedn exploration of the required parameters. The
next section also applies the mathematics to afgpeet of vanilla bond data. The properties cf tm-
derlying data are described in detail as well astiodelling procedures and evidence for the assangpt

used in the calculations.

4.5 Methodology and parameters

The methodology applied in this chapter is to apglythe relevant market risk concepts including th
recent development in IDR to design a model foditrg book capital based on the prescriptions of the
BCBS. This involves using the BCBS prescription apglying the same level of mathematical rigour for

trading book capital calculation as used in thekivanbook.

ISDA (2008:03) concluded that BCBS’ proposed regmient of a 99.9% confidence interval over a full
year (250 trading days) holding period for cre@krassets in the trading book is too onerous a&nd a
serted an alternative proposal by recommendingitisabuld be reduced to a 60-day holding periotth wi
the same confidence interval. With these two pralsom mind, this study attempts to establispéi-
cally what thefair holding period is for the credit exposure in treding book under the new capital re-

quirements proposed by the BCBS. A fair level ofdimg period will enable banks to calculate a fair
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level of economic capital for the trading book Ippling the exact same mathematical standard as pre
scribed by the BCBS. The holding period was speaiff selected as the LGD, correlation and equation
prescribed by Basel Il could not be changed in otdedetermine a fair level of economic capitaleTh
only element in capital calculation that can beustjd is the probability of default (PD). While th®
itself cannot be changed, the period over whigh ¥alid can be investigated and adjusted (PD is always

measured annually unless otherwise stated) (Algoids, 2006: A6).

The logic that needs to be followed to achievegbal of this chapter is therefore to adjust thedimg
period of the PDs until the capital charges egu@lrhaximum losses experienced by banks immediately
after the credit crunch (and ongoing) in the trgdiok. Once this empirically proven holding perias

been determined, banks may use it as their econcapital calculation guide.

This study recognises the fact that banks haveho@e but to follow BCBS rules as laid out in BaBel
for regulatory capital. However, if they employ thepirical holding period, they could benefit besau
this is a fairer estimate of economic capital regghifor the trading book. This study applies theWC
measure of VaR to a portfolio of fixed income instients and assumes that banks wishing to utilise th

technique have been approved for AIRB approach.

45.1 Data

In order to compare the BCBS’s standards with ttiead experiences in banks, this study used lots da
from several large banks (all of whom used the Al&tproach for credit risk). Data were sourced di-
rectly from the market. Where publicly availablegalésuch as asset return series) were requirese the
were obtained from third party data sources sucBlasmberd" or Reuter8”. However, some of the
data were also not disclosed to market participdntsavailable to the author. Such privileged deg¢ae
suitably applied as to disguise the source and evhecessary, permission to present analytical teesul

without data source disclosure was sought from oatzers.

A fundamental input into this study is the recdntliing that (on average) banks' VaR (measured gurin
normal, non-volatile market periods) increased lfigctorof up to threeat the period of highest volatility

measured during the credit crunch (Van Vuuren, 20D8e following issues need to be considered:
= Basel | proved inadequate in providing for suffitieapital to cover market risk in the trading book

= Basel Il tried to address this inadequacy by intigdalg credit risk charges for the trading book (IDR

measured at the same standards as for the bandrhkgy, b

= the implementation details and monitoring from Hatprs was, however, insufficient and as credit
within the trading book increased (a boom in cheaglit and credit derivatives since the mid 00’s)

further steps needed to be taken, and

= the BCBS increased the requirements during thatocaghch, but industry participants have not re-

ceive these new requirements (which they arguésateo onerous) very well.
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To investigate these problems, a simple portfobmprising only corporate bonds (with ho embedded
optionality) is considered. VaR (and capital regmients) for this portfolio is measured pre-ctfsand

this value then compared with the capital chargedife trading book after taking into account (&) i
creased volatility measured during the most vaaigriod of the credit crunch and (b) the new IRRi¢

tal charges. This latter capital charge will thendompared with worst-case, actual bank loss expesi
calculated during the credit crisis. If the valwesnpare favourably, it may be said that the Basehpi-

tal charges are — in some sense — 'fair' sincertéit crunch is widely considered to be the mesese
market event for several decades. If the Basehpital charges are onerous compared with the actual
measured losses then efforts is made to adjusingdeas in the Basel 1l formulas to ascertain hogyth

might be altered to make the charges fairer.

4.5.2 Modelling the market risk charge

The industry and regulators agree that VaR shoeldafiplied as the principal risk management tool
measure and compare the market risk between diffpartfolios and institutions, the model builtthis

study therefore calculates the VaR of the diffeddonte Carlo simulated bond portfolios.

4.5.2.1VaR for bonds

Credit-risky investments expose buyers to both etankovements (of interest rates) as well as toitcred
quality transitions (and, ultimately, default okttssuer). Credit risky assets, therefore, areestilhp both
market and credit risk even though they are helthéntrading book (Golub & Tilman, 1997:75). Bonds
(specifically plain vanilla, corporate bonds) wesed in this study as the idea was to isolateffleete of
credit-risky instruments from other types of instents (such as equities) in the trading book. These
folio positions are expected to be traded in theketafrequently and are not intended to be helashége
ally) until maturity as they are in the banking kdBCBS, 2005b:3).

In equities the default risk is implicit whereas @bt instruments the default riskagplicit Using sim-

ple debt instruments (plain vanilla corporate borillisstrates the application of the methodologiran
duced in this chapter. Complex debt instrumentsh(sas CDSs and CDOs) are complex and this com-
plexity unnecessarily obscures the effective apgibe of the introduced methodology. Banks whichdho
complex instruments may still apply the methodolagyoduced in this chapter provided they can accu-
rately determine both the market and credit risgiteh charge components. The determination of the
market risk charge for complex debt instrumentsyeéwer, is a complicated taSKDe Cleen, 2008:22).

Sovereign bonds were excluded from this study siheg are usually considered risk-free. Frooredit

% This is effectively the "normal market VaR".

39 For more information on calculation the VaR forsaeomplicated financial instruments (CDSs), refethe PhD study by Yi
(2007) titled:Value at Risk for a portfolio of Credit Default SugaThe study from Yi (2007) illustrates the degréeamplex-
ity and advanced mathematical approaches needmdcgate VaR for CDSs.
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risk perspective, they are not comparable to corpdratels which have a higher level of credit risk (Gib
son, 2000:39).

Holding period returrf§ for bonds depend on changes in a bond’s price thesholding period. The
pricelyield relationship of a bond is normally noekr; however éinear approximation between the cur-
rent combinations of price (P) and yield (y) casoabe (Dowd, 1998:67):

P(y +Ay) = P(y) + [%;JAy (To first order) (4.13)

Where:

P(y + Ay) = the total change in the bond price due to a smaléase in yield

dP = change in bond price

dy = change in yield

= Ay = asmall change in yield. However, it is alsoWwndhat:

AP
(A_yJ‘ D"P (4.14)

Where:

= D™= the bond’s modified duration from the standagfirdtion. The percentage change in bond price

APY oy
(& )-owr=-on(Y] @19

and the volatility of bond prices;, (and hence, the volatility of reture®, ) is approximately:

in then

o, =0, =D"yo, (4.16)
Where:

= D™ = the modified duration

= Yy =the yield to maturity and
* 0, = theyield volatility

Assuming relative change in the yield is normailtiibuted, VaR for bonds is given by (using Eqoati
4.16):

40 The return of a bond held over a given period &ligtfor a shorter period of time, hence not untéturity). The return is
measured as the income and other gains (such ascagifon) earned from the bond, divided by thejioal cost of the bond
(Livingston, 1999:59).
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VaR™ =-Cla,P =-Cl(D"yo, )P (4.17)

Where:

= P =the bond’s present price defined as:

- C F
P2y (4.18)
Where:
= [ =the face value, payable at maturity
= C=the coupon payment
= U'=the discount factor
= t=time index

= 1= interest rate at which the face value should beodisted

T =the time to maturity

D™ (in Equation 4.17) = the modified duration. Toctdhte the modified duration of a bond, the Macau-
lay duration is used. The Macaulay duration isulaked by adding the results of multiplying thegmnet
value of each cash flow by the time it is receivEtis is then divided by the total price of theedss

(Macaulay, 1938). The equation for Macaulay duratfoas follows:

- txC . nxm

Do

= ) B )
Macaulay P (4 19)

Where:

= n=the number of cash flows until maturity
= t=the time to maturity

= | =the required yield

= m=the maturity (par) value

The modified duration may be used to calculateefiiect that an x% change in interest rates willham

the price of a bond. The following equation is ut@dhis purpose:

D

D — Macaulay
Modified —

1+ YTM (4.20)
f

Where:
= f=the number of coupon periods per year
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=  YTM=the bond's yield to maturity

The Monte Carlo technique was used to generate laugnbers of simulated portfolios in the trading
book. Historical data (including yields to maturigoupons, credit ratings and maturities) were ticd-
lected for 250, actively traded, option free cogterbonds spanning the 5 years from June 2003yto Ju
2008. Next, the Monte Carlo technique was usedettemate thousands of realistic, market-relevant val
ues of duration, yield, credit quality and coupater As in all Monte Carlo simulations, historieater-

ages, volatilities and correlations (see Tablebélbw) were preserved.

Table 4.1: Correlation matrix derived from 5 yeaifshistorical observations of corporate option-

free bonds

CORRELATION Coupon Maturity
Coupon 1 -0.13 0.74 -0.35
Maturity 1 -0.07 0.11

Yield to maturity Credit rating

Yield to maturity 1 0.22

Credit rating 1

The next step in the process is to determine tHe féa market risk as prescribed in Basel Il andag-
gested by ISDA.

The individual, simulated bonds were used to costscenarios for which the market risk chargesswer
then determined. A total of 300 different bond faids were used for the analysis, each portfobo-c
sisting of 130 individual bonds. Three classesafdportfolios were constructed namaly, investment
and speculativeportfolios. It is important to note thatvestmentere refers to a high quality, low risk

bond portfolio and not to the bank's investmentfpbo as traditionally understood.

The difference in these portfolios is in the gyatif the bonds. Each simulated bond was also aasdign
credit rating (with an associated PD). Even thotigs had no effect on thmarketrisk charge, it had a
significant impact on theredit risk charge as the varying PDs determine the tristti in each portfolio.
In Section 4.4.3, which explores the credit commorod the capital charge for market risk, the cosipo

tion of the three portfolio categories is discussed

4.5.2.2 Portfolio VaR

By applying the variance-covariance method disaligsé&ection 4.3.6, the portfolio VaR for each loé t

simulated portfolios was calculated by using theuls summarised in Table 4.2.
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Table 4.2: Inputs used in capital calculations

INPUT VALUE
Confidence interval 99%
k factor 3.5
Annual yield volatility| 15 %
Correlation 0.8
Holding period 10 days

Where:

= The confidence interval is prescribed by the BCBS,

thek factor is the average of 3 and 4 (the randeaflues specified by Basel Il),
= the annual yield volatility= 15 % (Maitland, 2002:133),

= the correlation of 0.8 — this is the median, loegxt, bond yield correlation as determined by th& IM

(2007:130).This correlation is used in the variance-covariamegrix, and

= themarket riskholding period is prescribed by BCBS. This compuref VaR is a liquidity adjust-
ment, albeit a fairly crude one. The less liquigoatfolio, the longer it will take to dispose ofahd
the higher is the VaR.

Many properties of the normal distribution may bpleited, including the attribute that variancelssa
linearly with time or, more precisely, the variarmeer a given forecast period is linearly relatedite
forecast period (so the 10-day return varianceasbte the 5-day return variance for example) or:

10- day variame = 2x (5 - day variare), 10— day variare=10x (1 - day variare) etcetera

Another expedient characteristic of the normalriistion is that the variance and the standardatmsn

are related by/(rt) = (f(rt)2 whereV is variance,o is the standard deviation or volatility, amdrepre-

sents a vector of returr(s) measured at various points in tirr(é,.

Multiple, and often different, time periods usednmarket risk can give rise to confusion unless care
exercised. The portfolio standard deviation (vétsji calculated using a set afily returns will produce
adaily standard deviation (volatility). This is a direesult of the time period between observatiomet-
the length of the observation period itséffonthly returns produce eonthly standard deviation, etc.
Whilst some care must be taken not to use too & (s this results in spurious results due tsstal
inaccuracies) it is important to bear in mind tivaether 3 years or 30 years of daily returns wesegluo

estimate the volatility, the calculation yieldglaily volatility. Scaling this up to an annual volatjlitfor
example, requires multiplying it by’ 250 or the number of trading days in the average y&at-day
VaR is commonly used in-house, but often a diffepariod VaR is required, e.g. a 10-day VaR is a

mandatory requirement for the regulator.

The next section discusses the credit risk charge.
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4.5.3 Modelling the credit risk charge

Banks' trading books can — and do — comprise ofifdwhether gilts (sovereign bonds) or corporate
bonds). Since these bonds are in the trading baadt,are therefore intended for frequent resalg; the
exhibit embedded market risk the modelling of whigds discussed in the previous section (using VaR).
The credit risk component has, however, been ighdrstorically in the trading book. This is now
examined. In this section, tleeedit risk associated with bond portfolios in the traglvook is modelled
and the associated credit risk capital chargeal@itated. In order to determine the underlyinglitresk

of a bond, the counterparties involved need to dsessed. Credit ratings provided by credit or gatin
agencies provide these data and these were usstintate the associated credit capital charge (®Yjen
1997:3). To determine the underlining credit risls@ciated with the simulated bond portfolios, tR8 |

approach is used to calculate the regulatory dagiterge for each of the portfolios.

Three types of bond portfolios were simulated. Titst portfolio type All bondg consists of all quality
bonds ranging from AAA to CCC. The second portfdiipe (nvestmenbondg comprises bonds with
ratings from AAA to A while the thirdgpeculativedbondd comprises bonds from BB to CCC. For every
portfolio type, 100 different, random simulationsre@ generated, resulting in 100 portfolios with pam
rable quality bonds for which the market and credpital charge could be estimated. Each of the 300
portfolios consisted of 130 randomly simulated il total of 39 000 bonds were therefore simulated

for analysis purposes.

As the bonds in these three portfolio types hafferdint quality ratings, they also have a differassoci-
ated level of credit risk. As in banks, each crediing assigned to a bond is associated with aifspe
PD.

The PDs of each of the bonds are summarised ireSabB and 4.4.

Table 4.3: PDs assigned to high quality, investniemids

AAA AA+ AA AA- A+ A A-
0.03%| 0.05%| 0.10%| 0.12%]| 0.25%| 0.40% | 0.50%

Source: BCBS (2006a:279)

Table 4.4: PDs assigned to Lower quality, specuéationds

BBB+ | BBB | BBB- | BB+ BB BB- B+ B B- CcCC
0.75% | 1.00%| 1.30%| 1.50% | 2.00% | 2.50%/| 3.00% | 4.00% | 5.00% | 20.00%

Source: BCBS (2006a:279)

PDs were determined by assigning borrowers tobigikets where each bucket contains customers with
the same level of risk. For each level of risk @ gear PD is expressed as a percentage. PD byekets
provided by the BCBS) are standard risk buckete (Fable 4.4) and are used by banks (BCBS,
2006a:279).
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The following parameters (introduced in EquatioB) Zare used to calculate the capital charge faditcre

risk:
Creditrisk capitalrequired= EAD x f (PD,LGD, p,M ) x 8% (4.21)

In this calculation, the EAD is a multiplied by anttion which derives its value from of the PD, LGD
asset correlationp] and maturity (M). The capital is then determirgd multiplying the total by 8%
(specified by Basel Il) as indicated in the Equatib3 (Lamy, 2006:160). In the attempt to compaee t
market and credit capital charges for all the sated bonds and portfolios, the exact values ofptne
rameters used in the VaR calculations for marlsit aire applied to the equation above (also intreduc

in Equation 2.3) in order to determine the captalrge for credit risk.

The capital charge for a bond portfolio is the safrindividual capital charges for each underlingiéban
the portfolio. For the purpose of this study, tio® Hifferent portfolios in each of the three typédond

portfolios are used to compare capital for credi earket risk.

The final capital charge is calculated by multiptyithe calculated capital by a scaling factor 661 This
scaling factor is based on the concept of incesitigi regulatory capital to encourage risk sensitieeel-
opment of Basel Il. The scaling factor could béeitmore or less than one, hence having a dirquadin
on the IRB capital requirement derived from revisegital framework. The scaling factor used in this
study is based on data from the Quantitative Imgaatly 5 (BCBS, 2007a:3).

The next step in calculating regulatory capital {6 the credit risk associated with a bond is tdtiply
the EAD with the calculated unexpected loss (ULwall as the maturity factor associated with thdi-in

vidual bond. To calculate the credit risk capitahuge, Equation 4.22, is used:

Where:

= LGD = a downturn LGD required by the BCBS. The speaifilue of 40% was used and is based on
the results of the'bquantitative impact study (BIS, 2007a:30),

= N = a standard normal distribution,
= N =the inverse of the standard normal distributimg

= p = the asset correlation and calculated accordirtgegrescriptions of the BCBS (2005b:13). The

equation used to calculate the correlation for c@fe bonds to be used in Equation 4.23:

o= E(1—exp(— x[PD)) +16% Eﬁl— (1-exp(- xEPD))}

(L= expl= X)) (L-exp(- X)) (4.23)

Where:

= x=50
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Theassetcorrelation for corporate bonds consists of taiting correlations: 12% and 24%
that represent extreme high and low PDs (100% &hde3pectively) and are modelled by an
exponential weighting functiowhich indicates the dependency on the PD. The aaadich
the exponential function decreases is determined factor, specified by the BCBS, called
the x-factor. This x-factor has an assigned valties® for corporate exposures (BCBS,
2005b:13).
=  SRuaturity, IS the maturity scale factor. A bank’s credit politi consists of instruments with differ-

ent maturities. Short-term credit is less riskynthia the long-term resulting in increased capi&l r

quirements for credit instruments with higher miyu(BCBS, 2005b:9). The maturity factor is cal-

culated as prescribed by Basel Il by using Equati@d specified for bonds:

SFsrurry = (1= 15xb(PD))™ x (1+ (M - 25) x b(PD)) (4.24)

Where:

= PD = determinedby the risk buckets in Table 4.3 and 4.4 and b(P&resents the
smoothed (regressed) maturity adjustment (smootived PDs) and calculated by using
Equation 4.25 (BCBS, 2005b:11).

b(PD) = (0.11852- 0.05478x log(PD))? (4.25)

The methodology introduced in this chapter needelet tested for accuracy by validating the model.
During this model validation process the capitadelaised (based on the BCBS standards) in this-chap
ter was tested for accuracy by comparing its cateuis to what ISDA (2007:1) calculated. Once the
model has been validated the methodology will fergxpanded and discussed.

The BCBS proposes a holding period of 250 daysI&B\ 60 days (both with a 99.9% confidence in-
terval), the validated capital model is used tedaine arempirically established, fair holding period for

the credit exposure in the trading book.

45.4 Model validation

Three types of bond portfolios were simulated falidating the capital model based on the BCBS’ re-
quirements. The results, based on 39 000 bonds wgext to validate the model used for capital calcul

tion in this chapter. The following steps were take validate the capital model used:

R calculate the original market risk charge (M\éaRinaL) prescribed by the BCBS for the bond

portfolios above,

ii. calculate the proposed credit risk charge (CVaRhefportfolio (based in the credit rating of un-

derlying bonds),

iii. calculate the new market risk charge (M\{{@R due to increased market volatility,
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Vi.

calculate the ratio of the increase in capital neguunder the proposed capital regulations. This

IS expressed using:

MVaR,, + CVaR
Mva%RIGINAL

Ratio=

(4.26)

the calculated ratios which represent capital is compared to the findings of ISDA
(2007:1) which determined that that the total markek charge (MVaRew + CVaR) can treble

under the new, proposed capital requirements, and

if the finding of the capital model used in thisidy is comparable with findings by ISDA
(2007:5), which conducted a study in conjunctiothvgieven leading international banks in 2007,

it is confirmation that the assumptions and meteapglied are indeed accurate and hence the

model would be validated.

These steps are presented next.

4.5.4.1 MVaR results

For the original market risk charge (MVakkinal) the results found for the different portfolio ggare

summarised in Table 4.5 below. MVa&inaL is expected to remain the same for all three tygbeort-

folios as the market risk exposure is not affettythe credit rating.

Table 4.5: MVaR results from the capital model.

All bonds I nvestment Speculative
EAD $684,009,826 | $684,009,826 | $684,009,826
LGD 40% 40% 40%
Average M 4.1 4.1 4.1
MVaRoriGNAL $42,240,774 $42,240,774 $42,240,774

Source: Author

Where

= EAD isthetotal asset value of the randomly simulated pbotfd@he EAD is the same for all portfo-

lio types as the same bonds, with different ratiege compared,

= LGD, described in Section 3.3.5, is a downturn L&1id is specified by the BCBS,

= M represents the average maturity of the bondkerportfolio. The values summarised in Table 4.5

for M are also the average maturity of the 100edéht portfolios simulated of the specific portfoli

type and
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= MVaRoricinaL IS the calculated market value at risk producedhieymodel. MVaBrigivaL iS identi-

cal as the risk factors for market risk are theea@mly the PDs differed and therefore credit nisk

have different values across the three asset types.

45.4.2 CVaR results

The results of the proposed credit risk charge @Mat the portfolio (based in the credit ratinguoider-

lying bonds) is summarised in Table 4.6.

45421

45422

Table 4.6: CVaR results from capital model.

BCBS: 1 year All bonds I nvestment Speculative
Exposure weighted PI 1.00% 0.12% 2.25%
CvaR $57,307,602 | $23,181,520 | $70,669,648

Source: Author

Increase ratio

The results of the calculated increase in capiitat tvould be required under the proposed

capital regulations are summaries in Table 4.7.

Table 4.7: Increase in capital that under the prepo capital regulations.

BCBS All bonds I nvestment Speculative
MVaRoricinaL $42,240,774 $42,240,774 $42,240,774
CvaR $57,307,602 $23,181,520 $70,669,648
Total VaR $99,548,376 | $65,422,293 | $112,910,421
Ratio_1y 2.4 15 2.7

Source: Author

The results indicate that when using the proposéB® approach, the result is a capital in-
crease ranging between 1.5 for high quality boonda.7 for lower quality bonds when com-
pared with the current charge. This illustrates whkdity of the model as it is in line with
ISDA’s estimations which asserted timaarket risk regulatory capital can be expectedlto a
most treble relative to the current VaR-based regitf8DA, 2007:1).

Data distributions and risk sensitivity

The distributions of ratios (MVaficina/Total VaR) are illustrated in Figure 4.4 below:
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Figure 4.4: Distributions of ratiosMVaRoricinaL/total charge) where: a) All bonds, b) Specula-
tive portfolios & c) investment portfolios. The tieal axis represents the frequency

a)
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/
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b)
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5%
0% -

25%

20%

15%

10%

5% -

0% -
1.56 1.60 1.64 1.68 1.72 1.76 1.80

Source: Author

Figures 4.4 a-c above and Figure 4.5 indicate tthetmodel is indeed credit risk sensitive
with low quality bonds (speculative) resulting inhagher capital increase ratio than good
quality bonds (investment).
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Figure 4.5: Distributions of ratios of all, spectile and investment portfolio bonds on the same

ratio scale
= Allbonds
Speculative

a. p
c
5 |
2 nvestment
()
frs

T — e— T T P — T T T

1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4
Ratio: Increased capital charge

Source: Author
The analysis of IDR’s impact and the fair unwindipé may now be calculated. The results are dis-

cussed in the next section.

4.5.5 IDR and the holding period

The simulated bond portfolios used are investigatetthis section by altering some assumptions fiier t
model’s input in order to account for different ketr conditions. The simulated bond portfolios waidl
longer be separated into the three different pliottypes (all bonds, investment and speculative)hés
section focuses on portfolios all types of quality bonds. The same metrics as wepée to the above
mentioned bond portfolios were applied to the 1060doportfolios comprising of 130 simulated bonds

each.
For each of the simulated bonds in the portfohe, following inputs are known:
= vyield volatility,
= vyield correlations,
= maturity and
= durations.
The regulatory capital requirement for market iss calculated by using the inputs mentioned above.

The different steps in calculating the regulatosyneell as empirical capital charge is illustratedrigure
4.6. The process of calculating these differenttahpharges is discussed in the next section fgrniag
to the different steps in Figure 4.6. Note thatvhkie of "80 days" in block "D" is a result of thealysis

performed: details of its derivation are reportag in the chapter and in detail in Chapter 5.
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Figure 4.6: Calculating the Basel Il and empiriaapital charge (before and after the credit crunch

for the trading book.

B
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(Increased volatility
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a 99.9%
D F

=— Empirical Capital

Additional IDR to be
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addedto B
(observed by banks)

+
Pre credit crisis g%ﬁ? : During credit crisis

Source: Compiled by the author.

4.5.5.1 MVaR during unstressed (pre credit crunch) conditians (A in Figure 4.6)

When calculating the current capital charge forkearisk, as prescribed by Basel Il, the inputdntr

duced in Table 4.2 are summarised in Table 4.8nbelo

Table 4.8: Inputs for capital charge.

Input Value

Confidence interval 99%
k factor 3.5
Annual yield volatility 15%

Correlation 0.8

Holding period 10 days

The inputs in Table 4.8, which refer to unstressadket conditions (pre credit crunch), are appi@the
equation in Step A, Figure 4.6, to determine thstn@ssed market risk capital charge. The markkt ris
capital calculation model is used to determine @itahcharge for market risk which adheres to the c
rent (Basel Il) requirements. Based on 13 000 (f0Afolios each comprising 130 bonds) randomly
simulated portfolios with bonds of varying creditadjty, the calculated capital charge for marksk is:

Unstressed

MVaRJ, =$386m 4.27)
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For the purpose of simplicity, the MVaR above, adlwas all the other values calculated in Figu@ 4.
was normalised (converted to $100). MVaR in Equatio28 is therefore equal to $100m instead of

$38.6m as indicated above.

Unstressed

MVaRy =$100m (4.28)

It is important to highlight that this calculatedlwe is based on an unstressed MVaR and doesatadén

any of the recent changes to market risk capitafgds.

4.5.5.2 The new capital charge by adding the CVaR ( IDR tdMVaR)

The BCBS was not satisfied with the MVaR)(charge alone as credit risk in the trading boukeéased
dramatically in recent times and therefore propdbkatithe IDR should be added to the capital chtoge
form a new, credit risk sensitive CVaR (n Figure 4.6) for the trading book. The increasegital
charge comprises the new stressed MVaR (due tedsed market volatility) plus the new CVaR. The
new trading book capital charge was calculatedeterthine the required capital. These capital requir
ments were estimated using volatility data extiddterm markets still reeling from the effects oeth

worst economic conditions since the economic meltdof 1929 (Altman, 2008).

During the 2007-09 credit crunch the interest maséeket experienced pressure from two aspects:
= increased yield volatility and yield correlatiorisr(market risk)

= increased defaults manifested through increasedf®bsredit risk)

In the capital calculationssiressedceconomic environment is considered by calculatirsgressed market
risk capital charge (due to increased volatilityl @orrelations) and a new credit charge (whichudes

the proposed IDR charges).

4.5.5.3 Capital charge during stressed conditions

For market risk, the yield volatility is stressexdihcorporate current market conditions. This iscex-
plished by increasing the yield volatility of 15%s(found by Maitland, 2002:133) for unstressed etark
conditions. Yield volatility in the US (measureashat 1960) showed an increase during times of advers
economic conditions. This is in line with the viefvBorio & McCauley (1996:23) who found than yield
volatility can increase from 15% to 30% during adeeeconomic conditions. The yield volatility was

therefore increased to 25% to reflect a stressedagnic environment.

During adverse market conditions, one of the mmgtoirtant lessons learned from previous financial cr
ses is that correlation increases (Chahgl, 2008:15). As correlation increased from 0.8 1@ during

stressed conditions historically (Van Vuuren, 20@®) average correlation of 0.9 was chosen andeappl
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to the stressed MVaR calculation below (Equati@#).All the inputs for stressed market conditians

summarised in Table 4.9.

Table 4.9: Inputs for capital charge during stressenditions

Input Value

Confidence interval 99%
k factor 3.5
Annual yield volatility 25%

Correlation 0.9

Holding period 10 days

The same metrics (only with different inputs) wesed to estimate MVaR under stressed conditiBns (
in Figure 4.6). Furthermore, the same selectiod3000 simulated bonds was used to compare the dif-
ferences in capital charges. The stressed MVaRteesin a significantly higher charge for MVaR as
given in Equation 4.29.

Stressed

,10d —
MVaRgg,, = $185m (4.29)

The capital model calculated the credit risk cagtearge in the trading book in the same way thakba
calculates credit risk capital charges for ta@kingbook* Using the same portfolio, the credit risk capi-
tal charge (using annual PDs) is calculatédn(Figure 4.6) and is found to be:

CVaR%g, =$148m (4.30)

With the capital charges calculated, the two sdparharges (MVaR and CVaR) are added together to
result in the total capital charge for the portiadif bonds as proposed by the BCBS.

Total Capital charge (T@)nder stressed conditions is therefore:

Stressed __Stressed
TC =MVaR% +CVaR:®
(fromFigure4.6) E=B+C (4.31)
=$185m + $148m
=$334m

Comparing this proposed regulatory capital (MVaRWaR under stressed conditions) with the preced-
ing regulations (MVaR unstressed) the ratio of @dpequirements after the credit crunch to thasfere
the onset of the crisis are:

411t has been assumed that the banks in questioa amsroved to employ the AIRB approach for credk iisthe banking
book.
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Stressed

_ MVaRZ +cvar:2

Ratianrease_ Unstressed
—
MVaR%,

+

(from Figure4.6) = BAC
_ $185m+$148m (4.32)
$100m
=334

This implies that the capital charge under the psep capital calculation requirements is 3.34 times
more than the original market risk capital requiees. This ratio was increased at a time when bargks
experiencing one of the most severe economic ciisdmnking history (Altman, 2008). The ratio is
therefore higher than it would be during normalsfuessed) market conditions. This is, however, more
than banks experienced during the current advees&anconditions as the recent finding (Van Vuuren,
2009) showed that banks reported an increase ofverage, three times the estimated amount (using
Basel Il standards). The proposed amendments drerefsult in a larger capital charge than expeedn

by banks in arguable the most stressed economastimhistory. The most accurate level (based on em

pirical data) of capital can be calculated as fefio

Stressed
TC=3xMVaR3.
(from Figure4.6) F =3xA

4.33
=$300n (493

Where:

= The MVaR is multiplied by three to reflect the metrlexperience during recent months (stressed

conditions).

The proposed Equation 4.32 from the BCBS shouldetbee be adjusted to find the fair level of the
credit risk capital charge ($112ff)Some inputs to the capital charge equation cammutever, be ad-
justed. MVaR, for example, cannot be changed asfhés (99% confidence interval and 10 day holding
period) areprescribedby the BCBS. Furthermore, the yield correlationl awlatility already been ad-

justed to reflect current economic conditions, tbhagnot, therefore, be altered again. The onlytifom
Equation 4.32 that may be stressed further (orstefl) is the CVaR componeﬁVaFggg/o. Even though
CVaR can be changed, there are still a few inputee CVaR C in figure 4.6) calculations that may not

be adjusted, such as the EAD, the correlation Bad. &D (which is already a downturn measure) .

The PD may also not be changeer seas PDs are meant to reflect default probabiliiesmeasure
through the economic cycle. However, the periodr avieich the PDs are measured (i.e. holding period

for credit risk) could, in principle, be changedci®ange in the period therefore changes the PD.

42 See Equation 4.35 for this derivation.
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As the empirical ratio of capital charges pre andtfhe crisis is approximately three, this incecgsio
is applied to Equation 4.32 to proceed with furtineestigation.
MVaI%Od - Mva%gl +Cva%‘;.9%
P
3 (4.34)

)
Empirically -i.e.from
marketbbservatins

Where:

= X =the holding period (in days) for the credit rgkmponent and the following inputs are known:

Unstressed

* the unstressed MVaIMVaI%(j,'f/’0 (A in Figure 4.6)

Stressed

» the stressed MVaRMVaR, (B in Figure 4.6)

= the difference ratio of three
The only unknown in this equation is the holdingiqe for credit risk X days in Equation 4.32).

When substituting the already calculated numbeEgmation 4.32:

$185m+CVaR®,,
3
B+CVaRyy
3
CVaR;,, =$112m(D inFigure 4.6) (4.35)

$100m=

(from Figure 46) A=

All the values stated above are substituted infeigu? to illustrate methodology.

Figure 4.7: The Basel Il and empirical capital clgar(before and after the credit crunch)

Increased volatility Issuer
and correlation default
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CVaRyoe,| BaAsELT

+
$148m = $334m

k- VaRss,
k-VaR™: + SR By
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Source: Compiled by the Author
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Therefore, due to credit risk, the bank therefost hn amount of $112m if the empirical differenae

tio of three is applied. The $112m is thuseampirically calculated loss.

The only outstanding input is therefore the holdisgiod & days). The question that needs to be an-
swered is: what value af will result in a credit risk capital charge (tdleet the credit risk losses) of
$112m? If a bank held this amount ($112m) for pigiosses, it would have had sufficient capital f
the losses experienced during the downturn pefibé. Basel Il equation which includes the average
maturity, the average PD, the downturn LGD anddime of all the EADs was used to calculate the
CVaR of $148m. From the simulated bond portfolibe taverageannual portfolio PD = 0.78%
(measured). This annual PD refers to the CvaR1gf8m. However, in order to determine the em-
pirical PD, the average portfolio PD (for the bond portfolieascribed in this chapter) for a capital

charge of $112m should be determined.

The PD should therefore be adjusted in such a haty when applying it into the Basel Il equatiaihg,
CVaR translate to the empirical loss value of $112stead of the Basel Il prescribed valuéba#8m.

The PD can only be adjusted by altering the holgi@god of 1 year (prescribed by Basel Il) to

an empirical holding period. This can be done hygia reverse-engineered function. Therefore,
to determine the amount of days that translateG¥aR of $112m (thempirically calculated loss), the

following methodology, prescribed by Algorithmicz006: A6),was used.

For positions in the trading book, the PD can ladesto a horizon shorter than one year. As a Pzhwhi
is measured over a period less than one-yearfisulifto observe, many banks scale the one-year PD
downward to reflect a shorter period. Assuming Itheidity horizon for this instrument is (e.g.) one

month, the PD may be scaled down using:
Not defaulting in one year = surviving 1 year =véving 252 days

Thus:
ND, = 25‘3 ND,, andD, =1-ND, (4.36)
Where D, is the one day probability of default atND  is the one day probability of survival.

For a period ofn days, Equation 4.36 gives

252
ND,, = n/ND,, therefore

252

D,,=1- n/ND

¥ (4.37)

The calculated vale fon indicates that the empirical holding period, cldted by using the Basel Il
proposed modelling and actual loss data is 80 dayspposed to the 250 prescribed by the BCBS and
60 days suggested by ISDA. Therefdejn Figure 4.6 states the equation to be used tulzde a
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capital charge based on an empirical extractedifmploeriod which is 80 days for the specific datase

used.

4.6 Application of methodology

This section is a step by step application summdnigh can be used by any bank with sufficient data

extract the empirical holding period.
Step 1:Know the rules

Similar to Step 1 in Chapter 3, banks need to deter the exact local and global requirements. Local
regulators have the authority to use their ownamaii discretionary rules for some areas within BHse
and banks need to know exactly what these diso@tyorules are. Banks also need to stay updatédd wit
global requirements as the BCBS may change reqainestsuch as the correlation requirements since the
time of this analysis. Banks should therefore abvayamine the most updated version of Basel lirfor

cremental default risk requirements.
Step 2:Obtain a portfolio for investigation

Banks need to identify the credit risky portfoliar fiwhich they wish to determine the fair level abe
nomic capital. These portfolios may consist of & ofi CDSs, credit derivatives, bonds (any instruteen
with a credit risky component, i.e. a possibilifydefault). Note that equities cannot be includethiese

portfolios.
Step 3:Measure VaR

Banks should next measure the standard marketVidgk of the investigated portfolios. This may be

achieved by using any VaR approach.
Step 4:Stress the parameters

Stress the parameters (annual yield volatility emlelations) for the VaR calculation. Historictdesses

(which may be deemed appropriate to the situatbise time of analysis) should be used.
Step 5:Measure the credit component of this portfolio

Measure the credit component of the investigatetfgdio using BCBS equations with annual PDs and

ratings obtained from relevant sources (eitherriatieor external).
Step 6: Apply worst case scenario to trading book

Using historical data (or current) determine waesde scenarios in trading book and apply this tdgo

lio (similar to the factor of three discussed irct8m 4.4.1).
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Step 7:Adjust the PD holding period

Add values obtained from Steps 4 and 5. If thisigadoes not equal the value obtained in Step Gstdj
the PD holding period according to Algorithmics @BOAG6) equation until the values agree. The value
the holding period at this point is the empiricallculated holding period.

Step 8:Calculate the fair level of capital

Use the empirical holding period to determine thgieical PD to be used for calculating capital. The
empirical PD can therefore be used in Equation &2&el Il) to determine a fair level of economépiz
tal, based on empirical numbers derived from tlvestigated portfolio instead of the BCBS's presetib

PD which does not consider the bank’s unique hglgieriod, but rather uses a fixed 250 days.

4.7 Conclusions

This chapter investigated the capital charge forketarisk — and more specifically — the trading koo
The goal of this chapter was to introduce a catmriamethodology which may be employed by banks to
determine a fair level of economic capital for metrkisk assets with a credit risk component (ihe. t
trading book). These capital levels should be cigffit to cover losses arising from market and ¢tredi

risks faced by banks.

In the preceding chapter, asset correlation waassiigated as the scientific element to be explased
component of credit risk models. This chapter itigased IDR which represents the credit risk embed-
ded in bank’s trading books. The scientific elemiemgstigated in this was the holding period whigh
one of the few components of contemporary risk nadkich may be altered subject at the practitisner
whim. By estimating the accurate holding perioddasredit risky portfolio, the fair, empirical adlation

of economic capital for the trading book may becekted. Banks can compare this empirically calcu-

lated level of capital with regulatory capital whitnposes fixed holding periods for banks.

This chapter introduced a calculation methodolagyich may be applied by any bank, to determine the
empirical holding period for credit instrumentstie trading book. The empirical holding period taen
be used to calculate a fair level of capital tdb&l for the trading book, based on the bank’s anique

trading book exposures.

The results for the specific dataset applied tonle¢hodology introduced in this chapter is elaleatain
and discussed in Chapter 5. Based on the speeifec wbed in this study, a compressive analysiseof t
credit and market risk charges prescribed by th&8@& done. The implications of the results from
Chapter 3 and 4 will also be discussed and an ampitiased on empirical findings is expressed inp€ha
ter 5.
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Chapter 5

Contribution and results of investigated data

The assessment of capital adequacy is one of teeantical aspects of bank
supervision. Economic capital models can provideafle additional informa-
tion that bankers and examiners can use in thesralassessment of a bank's

capital adequacyFDIC, 2004).

5.1 Introduction

The primary purpose of this study is to introduadcglation methodologies which will allow banks, of
any size and complexity, to empirically determiheit own unique parameters from their own loss ex-
periences. The two preceding chapters each inteatisisch calculation methodologies. These empiyicall
determined parameters could be used by banks &stascwhether or not the BCBS-specified fixed pa-
rameters ensure that capital requirements are dniddee with the bank’s own loss experience. Ghep

3 and 4 provide the calculation methodologies wigichble banks to determine fair (i.e. not too pumit
as to inhibit efficient functioning of the bank andt too lenient as to allow the bank to malfunctio
times of stressed economic conditions) levels @inemic capital which should be sufficient to cover

losses arising from specifically credit and marksts faced by banks.

If banks, which applied the methodologies introdlige the two preceding chapters, find that thedixe
parameters (specified by the BCBS) are too lentasntks can increase economic capital reserves -appro
priately and if they are too onerous, banks cagguidr themselves whether or not prevailing ecolcomi
conditions warrant such capital requirement seyehit either case, banks using these methodolayies
able to accurately establish their unigampirical capital requirements. Banks do therefore not bfind
accept the obscured parameters introduced by Bdeelcapital calculations. This chapter will intfuce

a calculation methodology specifically for credkitk:

In the preceding chapters, Chapter 3 focused daditaiek (under the first pillar of Basel Il) andvesti-
gated the AIRB which allows banks to choose thein parameters for use in the Basel Il specified-cap
tal equations. Within the IRB framework, creditkriwas investigated by focusing on the estimation of
asset correlation. Determining a fair level of emwoit capital involved an assessment of the empirica
asset correlation between loan losses and someurseaseconomic health. Using this empirical asset
correlation in the Basel Il specified equationgwal the user to determine a fair level of econarajuital

to be held for credit risk exposures. Asset coti@tavas deemed important because an incorrechasti
tion of this value may be detrimental to the mamaget of a bank’'s capital requirements (Laurent,
2004:23). Chapter 3 focused on retail credit rigkolw has not received sufficient attention thus iiar
dustry and regulatory resources have always focosm@ on corporate lending (Ghosh, 2005:3) where
more abundant data allows for detailed studiesrd hee thus unexplored opportunities in retail agmk

as banks with a well-defined retail credit risk ragement strategy are able to realise significamivir
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in the future (Rao, 2005:7). It is critical thasascorrelation is thoroughly understood by bars# &
the biggest single driving factor of Basel Il (Likign, 2006). With banks being urged to examine this
factor more closely, Chapter 3 introduced a catmriamethodology which may be used by banks to ex-
tract the empirical asset correlation from theinaampirical loan loss data. This application metitogy
is summarised in this chapter. The results of fh@ieation of this methodology to 22 years of qedyt

loan loss data for different retail asset typeg$banks are presented in this chapter.

Chapter 4 extended the investigation (methodologgetermine a fair level of economic capital needed
to compensate for losses arising from risks fagetidnks) beyond credit risk (dominant in the bagkin
book) and into market risk (prevalent in the tragdoook). The investigation into (and modelling b&nk
risks through empirical loss data embraces mamgntfic elements' (Currie, 2004:9). In Chaptea8set
correlation was the scientific element explorechamponent of credit risk models. Chapter 4 irivest
gated incremental default risk (IDR) as the scfendlement — i.e. the credit risk embedded inttading
book. More specifically, the scientific element Expd in Chapter 4 is the length of time requiredin-

wind a financiakredit position (the holding period) without materiallffexcting underlying asset prices.

Chapter 4 introduced a calculation methodology,ciwhinay be applied by any bank, to determine the
empirical holding period for credit-risky assetgggnt in the trading book. The empirical holdingquk
may be used to calculate a fair level of capitabéoheld for the trading book based on the banWs o
unique trading book exposures. Similar to Chapteth8 application methodology from Chapter 4 is
summarised in this chapter. The specific datasethich the calculation method was applied as well a

the resulted derived from them, are also discussddtail in this chapter.

5.2 Chapter layout

This chapter is presented in two main sections.

Section 1 summarises the calculation methodola@oduced in Chapter 3 and 4) intestep-by-step
applicationthat can be used for capital calculation by basfkany size and complexity. These applica-
tions will enable banks tempirically determine their own parameters from their owngquailoss experi-

ences.

Section 1 presents the calculation methodologyafpiication) to extract the empirical asset cotiefa
from a set of retail loss data (based on ChapteB&)ks may use this empirical asset correlatiodeto
termine a fair level of economic capital using Bdseredit capital equations. Secondly, Sectiopré-
sents the application that can be used by bankaltalate their own fair holding period of tradibgok
credit exposures (based on Chapter 4). This fadiig period is an important value and could bstod-

tegic interest to banks who wish to establishlfaiels of economic capital for market risk.

Section 2 uses the capital calculation methodofogioduced in Section 1 and applies these method-

ologies to real, empirical data. This is done ligstrate how the methodologies may be used byipoact
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ners to determine fair levels of economic capitalsed on their own loss data). In Section 2, thalt®
derived from the application of the suggested ndthagies will also be discussed in detail. The Itssu
are only reflective of the specific data appliedt this is nevertheless useful for practitionerst asdi-

cate how a bank’s own data may be analysed angbieted.

The application of the methodologies, follow in thext section.

5.3 Application of methodologies

This section summarises the methodologies intradlic€hapter 3 (the extraction of empirical asset ¢
relation from actual loss data and using this toutate the fair level of economic capital for atetsk)
and Chapter 4 (the extraction of the fair holdirgi@d of trading book credit exposures, based ak$ia

own loss data).

5.3.1 Creditrisk

The application methodology introduced in Chaptes 3ummarised as a 12 step process. Figure 5.1 be
low illustrates the steps to be followed by bank®ider to firstly extract the empirical asset etation
from actual loss data (specifically for retail agypes) and then to use this to determine theldail of

economic capital.

Figure 5.1: Summarised application methodologyrfi@Ghapter 3

Step 1:Understand therules:

Banks need to determine the exact local and gl@malirements.

/Step 2:Determine capital chargesfor each loan type \

Determine the individual capital charge for eacanldype using the correlations

specified by the BCBS, using the equation 3.5 below

4 a
CapitalRequired= EAD [LGD EEN( N"(PD) +\/\i; N (0_999)} - PDJ
P

N )

Step 3:Obtain the data

Obtain loan loss data for each category of loam.tyfthis study used historical net

loss empirical data measured on a quarterly basis.
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Step 4:Calculate the mean and standard deviation
The loss data should be used to calculate a mgaan@l standard deviatiow) by

using elementary statistical methods.

/Step 5:Calculate Alpha (a) and Beta (8) \
Calculating these two values from loss data is iptes®y usingy ando obtained

from step 4u & o are the only two inputs required to calculateandf3 by using

the following two equations (3.8 and 3.9):
1- 1-
a:ﬂgﬁLzﬂ)_lj ﬂz(l_,,)[ﬁLzﬂ)_lj
ag ag

. /

Step 6:Generate the beta distribution

With a andp calculated in step 5, a beta distribution for liben loss data can b

generated. As stated in Section 3.4.2, the betaldison is easy to apply and effec

tive for this analvsi:

fStep 7:Calculate theloan loss value at the correct confidence interval \
Using the beta distribution derived in step 6 ahe inverse beta functiorBE-
TAINV), ascertain the value at which 0.1% of the loasdés exceed this value (if

other words, at which point 99.9% of loan losseaslass than this value) — this i$

kthe total loss at 99% confidence interve j

/Step 8:Calculate the Expected Loss (EL) )

The average PD is the amount expected to be lbstefore, knowingu (i.e. aver-

age PD) from step,4t can be used as the EL of the investigated sdat.

J
e R
Step 9:Calculate the Net Unexpected loss (NUL)
The NUL can simply be calculated by subtractingBEhefrom the total loss.
N Y
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Stepl0: Calculate the empirical correlation (p)

Substitute the NUL and equations (3.19):

a=z+x°
b =2xy
c= yz_zz

Into the equation (3.20) below in order to caloaljatwhich is the empirically

extracted asset correlation:

15220 )z Xy -7

2(Z +x2)

@[ep 11:Using p to calculate the fair level of economic capital \
Usep which was extracted in step 10 to determine tiveldsels of capital to be

held for each retail loan class. This step provitdhesempiricap which can then
simply be used in the prescribed in the Basel liatign (3.5) instead of the
BCBS'’s prescribed correlations used in step 2. Wdlaes obtained in this step

can therefore be seen as the fail levels of econcapital to be held by banks.

N*(PD)+./p IN*(0.999)

Vi-p J_PDJ /

The capital charges obtained in step 2 and 11 icaflyf be compared to determin

CapitalRequired= EAD [LGD IZEN(

Step 12:Using different capital charges.

if the capital charge prescribed by the Baseldhfework is to punitive or insuffi-

cient for the bank analysed.

Source: Author

Figure 5.2 illustrates some of the key steps dsadigbove.
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Figure 5.2: lllustration of key steps in the metblad)y introduced in this chapter
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This methodology is the main contribution of Cha8eas it is a new application that banks may apply

not only to extract empirical asset correlatiormsrfrtheir loss data, but — more importantly — tcaklte

the fair level of economic capital for credit rigkat should be held by banks to protect them agénes

credit risk faced in the different retail assessks.

5.3.2 Market risk

The application methodology introduced in Chapteis 4ummarised as an 8 step process which may be

used by banks to calculate their own unique ecooaapital for a bond portfolio. Figure 5.3 illugga

the steps to be followed by banks in order to dateutheir own fair holding period of trading bootedit

exposures, based on their own data.
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Figure 5.3: Summarised application methodology fl©hapter 4

Step 1:Understand therules:

Banks need to determine the exact local and gl@malirements.

/Step 2:0Obtain portfolio to investigate \

Banks need to identify the credit risky portfolisey want to determine the fair
level of economic capital for. These portfolios camsist of a mix of CDSs, credit

derivatives, bonds (any instruments with a cradkyrcomponent, i.e. a possibility

of default). Please note that equities cannot bleidled in these portfolios.

/Step 3:Measure VaR \

Banks should next measure the VaR of the investiyabrtfolios. This can be

done by using the variance-covariance of histordgadroach. This is done to ob-
tain the price history of the investigated instruse The VaR value obtained from
this step should be named “A” (even though this bemmwill not be used during

the rest of the methodology).

\VaRzA /

/Step 4:Stress the parameters \

Stress the parameters (annual yield volatility ematelations) for the VaR calcula-

tion. To do this, historical stresses which cardbemed appropriate to the situa|
tions at the time of analysis should be used. Tdleevof VaR obtained during

stressed times should be called “B”.

Qtressed VaR =B /

/Step 5: Measurethe credit component of this portfolio \

Measure the credit component of the investigatetfglio using BCBS equations
with annual PDs and ratings obtained from relesmirces (either internal or ex-

ternal) This value should be called "C".

Q:redit component of investigated portfolio = C /
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Step 6: Apply worst case scenario to trading book

Using historical data (or current) determine warase scenarios in trading
book and apply this to portfolio (similar to thecfar of three discussed in
Section 4.4.1). This value should be called "D".

Worst case scenario in trading book = D
The figure below illustrates how this methodology e used in practice.

Increased volatility Issuer
and correlation default

250d
N CVaRy, s,| BAseLT
’ $148m = $334m
10d T =)
k -VaR,,.,

k-VaR.)s + SR m
S 5100m 5=

$185m 80d
CVaRyyg.,| OBSERVED

\ $112m = $300m
+ o i A Y

3 — - N 5 % s
Pre credit crisis 45 9 During credit crisis

@tep 7:Adjust the PD holding period \

Using the values obtained from the above stepsBatldC and call this "E". If the
value of E does not equal D, adjust the PD holgiegod according to Algorith-
mics (2006: A6) equation until the value of D anédual each other. The value of
the holding period at this point (D=E) is the erngailly calculated holding period.

. /
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/Step 8:Calculatethefair level of capital \

Use the empirical holding period to determine thwigical PD to be used for cal-
culating capital. The empirical PD can thereforaubed in equation 4.22 (Basel Il
to determine a fair level of economic capital, lshea empirical numbers derived
from the investigated portfolio instead of the BC8Brescribed PD which does
Qot consider the bank’s unique holding period mgsua fixed 250 days. j

Source: Author

The methodology explained above is the main camibbh of Chapter 4 as it is a hew application that
banks may apply to calculate the fair level of emuit capital that should be held by banks to ptotec

them against the market risk faced.

5.4 Results for data used in this study

This section presents the different results obthimken applying actual data to the proposed metbedo

gies.

5.4.1 Creditrisk results

A wide range of retail portfolios were used to destoate the difference between Basel Il and engliric

asset correlations.

In order to demonstrate the calculation of econorajgital derived from empirical asset correlatibis;
torical net loss empirical data measured on a quartedisbdeom 1985 to 2008 were obtained from the
US Federal Reserve Bank (FED, 2009). From thesetdatempirical asset correlation was extracted and
then compared with the asset correlation presciiyeBlasel Il. The different asset correlations when
applied to Basel II's prescribed capital calculateguationsData for eight different asset types were
available with at least one asset type in eactheffour Basel Il categories for retail credit expes
namely: residential mortgages, qualifying revolvihggh volatility commercial real estate and ottreggil
exposuresUS data were used as they were the only availadike for such a long period and for all the
individual asset types. Furthermore, the curreediticrunch originated in the US credit retail netrnd

these data are therefore the most relevant to Bxplo

The loss data were investigated to determine i foblowed any patterns with economic conditiohrs.
Figure 5.4 the relationship between the economigcemznt and realised losses are illustrated. A orre
tion of -0.24 indicates that losses tend to be drigh times of unfavourable economic conditions aice

versa. However, this low correlation indicates thatco-movement of these variables is, at bestkwe
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Figure 5.4: The relationship between actual lossed GDP in the US (1985-2008Q1)
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As the actual losses recordadq retail (all loans) losses in Figure 5.4) did not followc@nsistent
pattern to analyse, the losses were decomposeg@rimdtier time brackets to assess the correlation of

the different asset types during different cyclethe economy.
The data were divided into three decades: the@®Bsand 00s. In the 80s losses were mostly increas-

ing, in the 90s mostly decreasing and in the 0Ostimoonsistent. The Beta distributions for these p
riods are illustrated in Figure 5.5 below. Notetth@30s data were not available for all asset elass
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Figure 5.5: Beta distributions over multiple pergVertical axis = probability density; horizon-

tal axis =loss (%)
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The different loan types have been grouped togetbeording to the four asset groups (residentiatimo
gages, qualifying revolving exposures, high votlaibmmercial real estate (HVCRE) and other retail e
posures) defined by Basel Il. The results indi¢htg over time, loss distributions varied consitéra

There is no discernible pattern between asset typesthe observed time scale.

The different loan types and correlation compariganpresented next.

5.4.1.1 Correlations comparison: Basel Il vs. Empirical corelation

A comparison between Basel II's specified corretetiand those obtained empirically follows in thés-
tion. Tables 5.1 to 5.4 shows the PD as well aditierent correlations obtained from Basel |l aa1d-
pirical methods for all the different asset typ€ke different correlations are also illustrated-igures
5.6 t0 5.13.

5.4.1.1.1 Residential Mortgages

As asset correlation with a fixed value of 15% aeasonably consistent with the available evi-

dence for U.S. residential mortgages. However gthgirical results show that the fixed correla-
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tion of 15% specified by Basel Il is considerabigher (15%) that what was experienced by
banks (on average 4%) since 1990 for single famgbidential mortgages (Calem & Follain,
2003;20).

Table 5.1: Correlations comparison for Single fam#sidential mortgages

Residential mortgages 1990-2008 2000-2008 1990-2000

Average PD 0.80% 0.88% 0.88%
Empirical Correlation 4.29% 6.09% 1.62%
Basel Il correlation 15.00% 15.00% 15.00%

Source: Author

Figure 5.6: Correlation comparison for single fagniesidential mortgages
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5.4.1.1.2 Qualifying Revolving exposures

Asset correlations are fixed at 4% for qualifyimyolving retail exposures by Basel Il. Basel II's
values have been found to be particularly conseevator credit card exposures (Gore,
2006:161). The empirical asset correlation resalftined confirm these observations: empirical
correlations wereonsistentlfjower than those specified by Basel Il over alidstigated periods.

Table 5.2: Correlations comparison for credit cdoéns

Credit card loans  1985-2008 2000-2008 1990-2000 1985-1990

Average PD 5.96% 4.95% 5.96% 4.37%
Empirical Correlation 1.38% 1.52% 0.80% 0.31%
Basel Il correlation 4.00% 4.00% 4.00% 4.00%

Source: Author
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Figure 5.7: Correlations comparison for credit ca@hns
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5.4.1.1.3 High volatility commercial real estate

Commercial real estate, classified as High Votgtitommercial Real Estate, has the highest cor-
relation for both Basel Il and empirical resultfieTmost important finding for this asset type is
that the Basel Il correlation is, like in the fitsto asset types, consistently higher than the em-

pirical values.

Table 5.3: Correlations comparison for Commercigdlr estate loans

Commercial real estate 1990-2008 2000-2008 1990-2000

Average PD 1.45% 0.11% 2.43%
Empirical Correlation 19.18% 12.05% 14.73%
Basel Il correlation 20.72% 29.00% 17.34%

Source: Author

Figure 5.8: Correlations comparison for commeraiaél estate loans
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5.4.1.1.4 Other retail exposures

For other retail exposures, empirical asset cdroelavas lower than what is prescribed by Basel
1.

Table 5.4: Correlations comparison for other retedposures

Business loans 1985-1990 1990-2000 2000-2008 1985-2008
Average PD 2.37% 1.43% 0.84% 1.75%

Empirical Correlation 0.40% 6.50% 9.72% 4.64%
Basel Il correlation 8.67% 10.87% 12.69% 10.05%

Lease financing receivables

Average PD 1.03% 0.53% 0.80% 1.34%
Empirical Correlation  1.04% 3.66% 8.11% 3.53%
Basel Il correlation 11.13% 12.81% 13.79% 12.07%
Loans secured by real estate

Average PD 0.93% 0.96% 0.15% 0.72%
Empirical Correlation 0.75% 7.41% 7.80% 6.95%
Basel Il correlation 12.39% 12.29% 15.32% 13.09%
Consumer loans

Average PD 3.07% 4.42% 2.65% 4.52%
Empirical Correlation 0.31% 0.79% 1.22% 1.38%
Basel Il correlation 7.44% 5.77% 8.15% 5.67%
Other consumer loans

Average PD 1.69% 1.83% 1.34% 2.14%
Empirical Correlation 0.16% 0.83% 1.72% 1.43%
Basel Il correlation 10.21% 9.85% 11.13% 9.14%

Source: Author

Figure 5.9: Correlations comparison for businesarie
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Figure 5.10: Correlations comparison for lease fiicing receivables
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Figure 5.11: Correlations comparison for loans sesiby real estate
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Figure 5.12: Correlations comparison for consumesins
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Figure 5.13: Correlations comparison for other canger loans
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The results indicate that all investigated retail asset classes, over all diffetime periods, the pre-

scribed retail asset correlations from Basel lItdgher than those derived empirically.

As indicated in the ASRF investigation earlier, enthe advanced IRB approach, Basel Il allows
banks to calculate inputs to the provided equatiorcapital calculation. However, two factors are
implicitly given by the Basel Il formula, the codénce interval of 99.9% and asset correlation
(Altman & Sabato, 2005:22). As the asset correhati@s shown to be higher than specified by Basel
I, the question arises as to what the BCBS'’s natitim for this could be. In other words, why does
Basel Il assume that (on average and among alhtlestigated asset classes) assetsrame corre-
lated that they proved to be over the last 23 yeheighton (2006) asserted that the asset cowglati
is a critical factor and the biggest single driviiagtor of Basel Il. In addition some academics and
risk managers claim that Basel Il correlations@rerly conservative and usually lead to higher -capi
tal charges (Gore, 2006).

When using the prescribed Basel Il equation inwdating regulatory capital for credit risk, changjin
correlation assumptions has a significant largeaichpn required capital (Wood, 2008:32). The im-
pact of asset correlation on capital was thereideeatified as an important point of investigatian t
determine the impact on the capital banks are requb hold under Basel Il considering the large
differentiation between empirical and Basel Il etation. The impact of asset correlation on tha-cap

tal charge is discussed next.

5.4.1.2 Effect of correlation on capital charge

Estimation of correlations is a difficult exercisewever it is ultimately crucial for economic
capital calculation(Chernihet al, 2006:13).

The results obtained in the previous section weedluo calculate the unexpected loss (UL) for all
investigated retail asset classes but from tweedbfiit perspectives. Firstly, the Basel 1l UL iscoal

lated using the fixed Basel Il correlation factoFeen the empirical UL is calculated using ideritica
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inputs as for the Basel Il UL, however, insteadusing the Basel Il correlations, the calculated em-

pirical correlations were used.

To determine whether the Basel Il specified cotiets are actually contributing to a fair capital

charge the capital charge calculated by using teeBIl and empirical ULs respectively were com-

pared for all asset types. The findings are sunsedrin Tables 5.5 to 5.8 below.

5.4.1.2.1 Residential Mortgages

Table 5.5: Regulatory Capital comparison for Resigd mortgages

Single family residential mortgages 1985-2008 2000-2008 2000-2008

Empirical UL (a) 0.56% 0.80% 0.80%
Basel Il UL (b) 2.37% 2.52% 2.52%
LGD 100% 100% 100%
EAD 1,000,000| 1,000,000| 1,000,000
Basel Il capital 23,702 25,211 25,211
Empirical capital 5,550 7,994 7,994
Difference in capital 18,152 17,217 17,217
Ratio (a:b) 4.3 3.2 3.2

Source: Author

5.4.1.2.2 Qualifying Revolving exposures

Table 5.6: Regulatory Capital comparison for Qugahfy Revolving exposures

Credit card loans  1985-2008 2000-2008 1990-2000 1985-1990

Empirical UL (a) 3.91% 3.65% 2.82% 1.29%
Basel Il UL (b) 10.54% 9.34% 10.54% 8.61%
LGD 100% 100% 100% 100%
EAD 1,000,000| 1,000,000{ 1,000,000/ 1,000,000
Basel Il capital 105,368 93,442 105,391 86,072
Empirical capital 39,135 36,485 28,210 12,900
Difference in capita| 66,233 56,957 77,181 73,172
Ratio (a:b) 2.7 2.6 3.7 6.7

Source: Author
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Table 5.7: Regulatory Capital comparison for Highlatie Commercial Real Estate

5.4.1.2.3 High Volatile Commercial Real Estate

Commercial real estate loans 1985-2008 2000-2008 1990-2000

Empirical UL (a) 4.97% 0.50% 5.27%
Basel Il UL (b) 7.27% 2.01% 8.27%
LGD 100% 100% 100%
EAD 1,000,000| 1,000,000| 1,000,000
Basel Il capital 72,726 20,104 82,730
Empirical capital 49,727 4,986 52,726
Difference in capital 22,999 15,117 30,005
Ratio (a:b) 15 4.0 1.6

Source: Author

5.4.1.2.4 Other retail exposures

Table 5.8: Regulatory Capital comparison for Othetail exposures

Business loans

1985-2008 2000-2008 1990-2000 1985-1990

Empirical UL (a) 2.51% 2.79% 2.86% 0.62%
Basel Il UL (b) 6.44% 4.88% 6.06% 6.94%
LGD 100% 100% 100% 100%

EAD 1,000,000| 1,000,000| 1,000,000| 1,000,000
Basel Il capital 64,443 48,777 60,582 69,436
Empirical capital 25,075 27,898 28,574 6,233
Difference in capital 39,368 20,880 32,008 63,203

Ratio (a:b) 2.6 1.7 2.1 11.1

Lease financing receivables

1985-2008

2000-2008 1990-2000 1985-1990

Empirical UL (a) 1.36% 1.68% 1.16% 0.71%
Basel Il UL (b) 5.34% 3.86% 4.78% 5.92%
LGD 100% 100% 100% 100%

EAD 1,000,000| 1,000,000| 1,000,000| 1,000,000
Basel Il capital 53,353 38,625 47,762 59,184
Empirical capital 13,610 16,829 11,575 7,085
Difference in capital 39,743 21,795 36,187 52,099

Ratio (a:b) 3.9 2.3 4.1 8.4

Loans secured by real estate

1985-2008

2000-2008

1990-2000

Empirical UL (a) 1.84% 0.62% 2.39% 0.42%
Basel Il UL (b) 4.54% 1.74% 5.18% 5.10%
LGD 100% 100% 100% 100%
EAD 1,000,000| 1,000,000| 1,000,000| 1,000,000
Basel Il capital 45,423 17,428 51,779 51,040
Empirical capital 18,371 6,183 23,899 4,220
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27,052 11,245 27,880 46,820
2.5 2.8 2.2 12.1
Consumer loans 1985-2008 2000-2008 1990-2000 1985-1990
2.16% 1.34% 1.51% 0.66%
7.58% 7.09% 7.56% 7.26%
100% 100% 100% 100%
1,000,000| 1,000,000| 1,000,000| 1,000,000
75,781 70,895 75,625 72,570
21,597 13,389 15,056 6,621
54,184 57,506 60,569 65,950
3.5 5.3 5.0 11.0
Other consumer loans 1985-2008 2000-2008 1990-2000 1985-1990
1.26% 0.99% 0.79% 0.28%
6.79% 5.92% 6.53% 6.38%
100% 100% 100% 100%
1,000,000| 1,000,000| 1,000,000| 1,000,000
67,911 59,191 65,279 63,756
12,593 9,910 7,855 2,766
55,318 49,281 57,424 60,990
5.4 6.0 8.3 23.1

Source: Author

The results stated above are summarised in Figlidel®low.

Figure 5.14: Ratio of Basel Il vs. empirical (ecaomo) capital
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Based on US retail data (1985-2008Q1), the majatifig on asset correlation is that Basel Il cotieta
assumptions resulted in=a3.3x higher level of required regulatory capitalrthepital required using

empirical asset correlations. It is possible that the heylells of correlation stem from Basel II's conserva-
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tive levels of required capital. As Basel Il doe®t make reference to the exact details regardieg th
BCBS'’s thinking in the IRB framework, the reasom explicit. It is not difficult to argue that s
retail areas are exposed to an over-conservatiuelation requirement (Dev, 2006:67). The required
regulatory capital for lower quality retail prodsct such as credit cards — are problematic andtdev-

els that are "too conservative" and "not reflectitevhat empirically happens in banks" (Dev, 20@.6
These conclusions have been confirmed by the erapifindings reported in this chapter: credit cards

have a regulatory capital requirement=02.7 x more than typically required in a bank.

This study builds on the results of Dev (2006:66pvargued that an overall assumption about conserva
tive levels of correlation in Basel Il is difficulb prove. The empirical findings prove that itnist diffi-

cult to draw these conclusions as regulatory chpitarges are= 3.3x more that empirically-calculated
capital charges. The findings also indicate thatafbinvestigated retail asset classes, the Bhshlarge

was considerably more than the empirical results.

Inaccurate asset correlations might be misleadingriedit risk (Laurent, 2004:1). Vague, inaccurate
conservative correlation assumptions by regulgpose a potential threat for banks as incorrecttapi
allocation does not contribute to optimisation ledit regulatory capital within the financial systefo
hold excess capital that cannot be explained eaaflyior conceptually by regulators complicates slod
ling for banks as they do not exactly know why etation, with higher capital effect, is fixed byeth
BCBS. If banks wish to calculate a fair capital ifgaunder Basel I, this needs to be negotiatetd wit
BCBS as was done in the past to determine whyléwsl of conservatism is has been built into the
framework. The significant difference between Bdkahd empirical capital proved in this study mske
this an imperative topic which banks should consioe future negotiations with the BCBS. Dev
(2006:67) notes that there is not much likelihodaltange in Basel Il asset correlation functionshie
immediate future. These results raise questionstalbby the BCBS set correlations at a level which a
consistently (and considerably) higher and theeefoore conservative that what is observed in the ma
ket.

5.4.2 Market risk results

Different elements, requirements, proposals andltse$or capital charge in the trading book wers-di

cussed in Chapter 4. Using the calculation methaggointroduced (and the data described) in thidystu

(Chapter 4), the main conclusion of Chapter 4 \Wwasthe BCBSs current proposal for trading book-cap
tal charges, which include the current market cisérges as well as additional IDR charges, aretoe

servative.

This statement is based on the different holdingope investigated in Chapter 4 (Basel Il, ISDA and

empirical):

= The Basel Il holding period was determined basedhendocument released for public comments

which introduced guidelines for computing capital DR in 2007. The proposed guidelines were in-
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troduced to banks as the market risk charge atirtieewas not sufficient to cover losses. According
to the BCBS (2007b), the increased losses thatretuluring market turmoil that started in 2007
did not arise from actual defaults, but rather fraredit migrations combined with widening of credit
spreads and the loss of liquidity.

= The ISDA holding period refers to the alternativepgmsal put forward by ISDA which recommended
that the requirement of a 99.9% confidence inteovar a full year holding period for credit risk-as
sets in the trading book was too onerous and shmeildeduced to a 60-day holding period with the
same confidence interval.

= The empirical holding period refers to the empiricalculated holding period derived from a ran-
domly generated bond portfolio (explained below)isTholding period therefore refers to an empiri-

cal holding period which can be calculated by aaglkbbased on actual data.
The results, discussed in the section, are sumeahirsFigure 5.15 below.

Figure 5.15: Results obtained from investigatecadaB000, randomly simulated bonds)
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5.4.2.1 Portfolio generation

Monte Carlo simulations were not the best optianMaR calculations in this study as sufficient brst
cal data of the significant market factors were anailable. This is explained in more detail in Qtea 4
which investigated different options for VaR caltions. However, for portfolio construction, Monte
Carlo simulations are not bound to historical datd users of this method are free to select artitulis
tion believed to accurately describe market pricvement. Portfolios may be built by randomly select

ing the dimensions of a single asset and then ralydadding simulated assets together (Satchwell &
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Scowcroft, 2003:168)In order to analyse market risk charges for batles NMonte Carlo Simulation
method to simulate random bond portfolios was uBenling this study 13000 bonds were simulated us-
ing relevant and possible maturities, yield voitiis, durations and yields. In order to deterntimemar-

ket risk capital charge, the VaR was then calcdlaecording to Basel Il. Figure 5.16 below illusésa

the different holding periods with their referersmaling factors.

Figure 5.16: Different holding periods with refenscale factors. Vertical axis = unwind period ygj

horizontal axis = scale factor (increase in capipak and during credit crunch).
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Where:

= |SDA: Holding period =60 days with scaling factor &.9

= Empirical: Holding period 80 days with scaling factor &

= Basel Il: Holding period 250days with scaling factor &.43

From Figure 5.16 it is clear that the Basel Il pregl to calculate IDR with a holding period of 2#ys
is very conservative as it results imachlarger capital charge than for empirical datadidésed later in
this chapter). Empirical results indicate that édhg period of 80 days would have been sufficint

cover the losses banks recently experienced ifi & time of severely stressed market conditions).

If the results had indicated that 250 days wereeadn line with bank empirical conclusions, the oéa
250d holding period would be justified from a capiperspective. However, if banks areercapitalised

in current (highly stressed) market conditions, they significantly overcapitalised when market condi-
tions return to normal. As the proposed IDR chatges not only apply to unfavourable market condi-
tions, but is required during all phases of thenecaic cycle, it will become increasingly unreatisind
over-conservative as economic conditions recova@nfthe current extreme state, hence increasing the

reputational obligation for banks.
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ISDA's proposal of 60 days for the credit riskyding period has been shown to be too lenient. Altfino
the results obtained in this study agree with ISDé@dnclusions (that the BCBS is too conservative an
will overcharge banks considerably, especially whaarket conditions start to improve), it was found
that ISDA's proposals suggest insufficient capifahanks held capital corresponding to ISDA's &3-d
unwind period suggestion, they would lnadeicapitalised in current (stressed) conditions. Dynormal
conditions, ISDA’s proposed capital levels mightsodficient, but might fail if adverse market cotnoins
return. From a capital (and empirical) perspective study concludes that the BCBS regulatory ehpit
requirements are unrealistic high — even in extreomditions — and ISDA is insufficiently realistas

stressed economic conditions appear to have beered.

From a market point of view, further conclusionsyrb& drawn from these findings. The holding period
should be compared to that which is currently (3d@€ing experienced in the market. The real peak of
the 2007-09 credit crunch was during mid-Septen2f€8 (Standard & Poors: 2008). The assumption
embedded in ISDA's suggestion of a 60-day holdigog, is that banks are able to unwind and recover
liquidity within three months. According to the 1B3suggestions, therefore, liquidity issues showdueh
been resolved by mid-December 2008, somethingdidanot occur in practice (The New York Times,
2009). This has raised questions about the relgvahtSDA's proposals when applied to actual market
conditions. Again it appears that ISDA neither eiptited nor incorporated potential adverse maréet ¢

ditions into their proposals. The results obtaifrech this study thus disagree with ISDA's concluasio

This study agrees with ISDA that the holding perad®50 days by the BCBS is too conservative, how-
ever, the empirical unwind period of 80 days (aBbutonths) proved to be much more accurate to hold-
ing positions and return liquidity than ISDA's 6@yd. These conclusions were drawn from includireg th
effect of incremental default risk on regulatoryital for the trading book by calculating and comipg

the holding period during adverse market conditidinis is a major empirical advancement. The efééct
these different holding periods are illustratedrigure 5.17 below where the different capital cleartp

are expressed as an amount that needs to be medddb dollar in the portfolio. It is also exprasder

different maturities.
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Figure 5.17: Capital requirements for different miaties (average of all credit ratings) — Vertical

axis=maturity (years); Horizontal axis=Capital chge required for $1 ($).
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Source: Author.

Figure 5.17 indicates that the capital charge eggthusing Basel II's 250-day holding period is sien
tently too conservative when compared with the eicgdi (80-day) unwind period. The ISDA holding
period (60-days), in contrast, is too lenient ampared with the empirical findings. This patterragBl Il

too conservative and ISDA too lenient) was consisteer the different maturities investigated.

Figure 5.17 also illustrates that the empiricalitsygcharges are more in line with industry (ISDAsew
than with Basel Il view. Another important finding that capital charges are consistently higher for
longer maturities which prove correctness of metihagly as the longer the maturity of a bond the more
risky it is.

In Figure 5.18 below the capital requirements fiffiecent maturities are illustrated by examining thf-

ference between capital charges for each of theitheéhl credit ratings used in the investigatechdat.

Figure 5.18: Capital requirements for different miaties for all credit ratings — vertical axis = nar-

ity (years); vertical axis=capital charge requirddr $1 ($); horizontal axis = credit rating.
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Based on the above five graphs presented in Flgd& the next figure summarises the difference in
capital charge between the three investigated appss.
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Figure 5.19: Difference between capital chargesdlbicredit ratings - vertical axis = difference gapi-

tal charge (%); horizontal axis = maturity (years).
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Source: Author.

Figure 5.19 above illustrates the difference initecharge between the three investigated appesach

and was calculated by using Equation 5.1 below:

EMP - Bl
Bl

BIl —EMP =
(5.1)

This equation illustrates the difference in capiadrge between the Basel Il (250 days holdingopgri
capital charge and the empirically calculated edgibarge (80 days holding period). The same compar
son was done for Basel Il vs. ISDA and ISDA vs. Hiopl. This comparison was, similar to Figure 5.17

calculated over different maturities.

The results derived from these comparisons indittetethere is consistently (over different matas a
significant difference between the capital chargesgribed by Basel Il and empirical capital charges
similar difference was observed between Baseldl I&DA’s prescribed capital calculations. Figurg%.
also shows that there is a consistently smalléerihce between the empirical calculated capitatgd
and ISDA's capital charge which again supportdabementioned earlier that the empirical findirage

more in line with industry views than with Basésll

The linear trends shown in Figure 5.19 represenntaresting finding. The trend lines shows tha th
difference in capital charges between the threeutation methods (Basel II's, ISDA’s and empirical)
becomes smaller over time. This indicates that Bléisecapital charges are the most punitive fosets
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with a shorter maturity. This might indicate tha<®I Il does not encourage liquidity in a bond fodict

as assets with a longer maturity might have a rfaireapital charge.

Even though these results cannot be viewed as eraecharacteristic of Basel II's credit-risky dapi
requirements, it indicates that a bank should lzarere fair capital charge for assets with longatumi-
ties. The application introduced can thereforeamy be used for the calculation of the empiriaalidmng
period and capital charge, but has an added adyawutfadetermining the way in which a bond portfolio

can be structured to receive a more fair regulatapital treatment.

Figures 5.20 to 5.24 below illustrate the differemc capital charge between the three investigaged
proaches for each of the individual credit ratinged in the investigated dataset. The findingdliase

trated for each of the investigated maturities.

Figure 5.20: Difference between capital chargesdlbratings (1 year maturity) — All vertical axis dif-

ference in capital charge (%); horizontal axis =edit rating.
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Source: Author.
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Figure 5.21: Difference between capital chargesdlbratings (2 year maturity) — All vertical

axis=difference in capital charge (%); horizontatia = credit rating.
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Source: Author.

Figure 5.22: Difference between capital chargesdlbratings (3 year maturity) — All vertical

axis=difference in capital charge (%); horizontatia = credit rating
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Source: Author.
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Figure 5.23: Difference between capital chargesdlbratings (4 year maturity) — All vertical

axis=Difference in capital charge (%); Horizontakig=Credit rating.
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Source: Author.

Figure 5.24: Difference between capital chargesdlbratings (5 year maturity) — All vertical

axis=difference in capital charge (%); horizontatia = credit rating.
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Tables 5.9 to 5.13 below present the underlying dabn which all the results presented in SectidrR5
(Figures 5.17 to 5.24) were based.

Table 5.9: Capital charges and difference betwegpr@aches for 1 year maturity bonds.

Capital Charge - M=1y

| Capital charges for $1

| Difference between approaches |

DA

DA

DA

0.0057 0.0022 0.0018 -60.9% -19.5% -68.5%
0.0085 0.0034 0.0027 -60.0% -19.1% -67.7%
0.0141 0.0059 0.0048 -58.4% -18.6% -66.1%
0.0160 0.0067 0.0055 -57.9% -18.4% -65.6%
0.0261 0.0117 0.0096 -55.2% -17.6% -63.1%
0.0347 0.0164 0.0136 -52.8% -16.9% -60.8%
0.0393 0.0191 0.0159 -51.5% -16.6% -59.5%
0.0484 0.0249 0.0210 -48.5% -15.8% -56.6%
0.0552 0.0299 0.0254 -46.0% -15.1% -54.1%
0.0616 0.0349 0.0299 -43.4% -14.4% -51.5%
0.0651 0.0378 0.0325 -41.9% -14.0% -50.0%
0.0722 0.0441 0.0383 -38.9% -13.0% -46.9%
0.0779 0.0492 0.0432 -36.8% -12.3% -44.5%
0.0828 0.0536 0.0474 -35.3% -11.6% -42.8%
0.0915 0.0606 0.0542 -33.8% -10.5% -40.8%
0.0994 0.0660 0.0596 -33.6% -9.8% -40.1%
0.1681 0.1097 0.0985 -34.7% -10.2% -41.4%
Average 0.0569 0.0339 0.0296 46.5% 4.9% 4.1%

Source: Author.

Table 5.10: Capital charges and difference betwagggroaches for 2 year maturity bonds.

Capital Charge - M=2y

| Capital charges for $1

| Difference between approaches |

DA

DA

DA

0.0092 0.0044 0.0037 -52.3% -14.7% -59.3%
0.0127 0.0060 0.0051 -52.6% -15.2% -59.8%
0.0196 0.0093 0.0079 -52.3% -15.4% -59.7%
0.0219 0.0105 0.0089 -52.0% -15.4% -59.4%
0.0336 0.0167 0.0142 -50.2% -15.2% -57.8%
0.0431 0.0223 0.0190 -48.2% -14.8% -55.9%
0.0481 0.0255 0.0218 -47.0% -14.5% -54.7%
0.0577 0.0322 0.0277 -44.2% -13.9% -51.9%
0.0648 0.0377 0.0327 -41.8% -13.4% -49.6%
0.0713 0.0433 0.0377 -39.3% -12.8% -47.0%
0.0748 0.0464 0.0407 -37.9% -12.4% -45.6%
0.0818 0.0532 0.0470 -35.0% -11.6% -42.5%
0.0873 0.0586 0.0522 -32.9% -10.8% -40.2%
0.0921 0.0631 0.0566 -31.5% -10.2% -38.5%
0.1006 0.0702 0.0637 -30.2% -9.3% -36.7%
0.1084 0.0757 0.0692 -30.2% -8.5% -36.1%
0.1757 0.1186 0.1075 -32.5% -9.3% -38.8%
Average 0.0649 0.0408 0.036 41.8% 8% 49.0%

Source: Author
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Table 5.11: Capital charges and difference betwagggroaches for 3 year maturity bonds.

Capital Charge - M=3y

| Capital charges for $1 | | Difference between approaches |

B DA B DA B DA
0.0126 0.0065 0.0057 -48.4% -13.1% -55.1%
0.0169 0.0086 0.0075 -49.0% -13.6% -55.9%
0.0251 0.0128 0.0110 -48.9% -14.0% -56.0%
0.0278 0.0143 0.0123 -48.7% -14.0% -55.9%
0.0410 0.0217 0.0187 -47.0% -13.9% -54.4%
0.0515 0.0283 0.0244 -45.0% -13.6% -52.5%
0.0569 0.0319 0.0277 -43.8% -13.3% -51.3%
0.0671 0.0395 0.0345 -41.1% -12.8% -48.6%
0.0744 0.0456 0.0400 -38.7% -12.2% -46.2%
0.0809 0.0517 0.0456 -36.2% -11.7% -43.6%
0.0844 0.0551 0.0489 -34.7% -11.3% -42.1%
0.0914 0.0623 0.0557 -31.9% -10.5% -39.0%
0.0968 0.0680 0.0613 -29.8% -9.8% -36.7%
0.1015 0.0726 0.0659 -28.5% -9.2% -35.1%
0.1098 0.0799 0.0733 -27.2% -8.3% -33.3%
0.1175 0.0854 0.0789 -27.3% -7.6% -32.8%
0.1834 0.1275 0.1165 -30.5% -8.6% -36.5%
Average 0.0729 0.04 0.0428 8.6% 6% 45.6%

Source: Author.

Table 5.12: Capital charges and difference betwagproaches for 4 year maturity bonds

Capital Charge - M=4y

[ Capital charges for $1 | [ Difference between approaches |

B DA B DA B BJA
0.0161 0.0087 0.0076 -46.1% -12.2% -52.7%
0.0212 0.0113 0.0098 -46.8% -12.8% -53.6%
0.0306 0.0163 0.0142 -46.7% -13.2% -53.7%
0.0337 0.0180 0.0156 -46.5% -13.2% -53.5%
0.0485 0.0268 0.0233 -44.8% -13.1% -52.0%
0.0598 0.0342 0.0299 -42.8% -12.8% -50.1%
0.0656 0.0384 0.0336 -41.5% -12.5% -48.9%
0.0764 0.0468 0.0412 -38.7% -12.0% -46.1%
0.0839 0.0535 0.0474 -36.3% -11.5% -43.6%
0.0906 0.0600 0.0535 -33.7% -10.9% -40.9%
0.0941 0.0637 0.0570 -32.3% -10.5% -39.4%
0.1010 0.0714 0.0644 -29.3% -9.7% -36.2%
0.1063 0.0773 0.0703 -27.3% -9.1% -33.8%
0.1108 0.0821 0.0752 -25.9% -8.5% -32.2%
0.1189 0.0895 0.0828 -24.7% -7.5% -30.4%
0.1265 0.0950 0.0885 -24.9% -6.8% -30.0%
0.1911 0.1364 0.1256 -28.6% -8.0% -34.3%
Average 0.0809 0.054 0.0494 6.3% 0.8% 43.0%

Source: Author.

154



Table 5.13: Capital charges and difference betwagproaches for 5 year maturity bonds.

Capital Charge - M=by

| Capital charges for $1 | | Difference between approaches |

Bl WS ISDA BII-WS WS-ISDA BII-ISDA
0.0195 0.0108 0.0095 -44.7% -11.7% -51.2%
0.0254 0.0139 0.0122 -45.3% -12.3% -52.0%
0.0362 0.0198 0.0173 -45.1% -12.7% -52.1%
0.0396 0.0218 0.0190 -44.9% -12.7% -51.9%
0.0559 0.0318 0.0278 -43.1% -12.5% -50.3%
0.0682 0.0402 0.0353 -41.1% -12.2% -48.3%
0.0744 0.0448 0.0394 -39.8% -12.0% -47.0%
0.0857 0.0541 0.0479 -36.9% -11.4% -44.1%
0.0935 0.0614 0.0547 -34.3% -10.9% -41.5%
0.1003 0.0684 0.0614 -31.7% -10.3% -38.8%
0.1038 0.0724 0.0652 -30.2% -9.9% -37.2%
0.1105 0.0804 0.0731 -27.2% -9.1% -33.9%
0.1157 0.0867 0.0793 -25.1% -8.5% -31.4%
0.1202 0.0917 0.0845 -23.7% -7.9% -29.7%
0.1281 0.0992 0.0923 -22.6% -6.9% -27.9%
0.1355 0.1047 0.0982 -22.7% -6.2% -27.5%
0.1988 0.1454 0.1346 -26.9% -7.4% -32.3%

Average 0.0889 0.0616 0.0560 -34.4% -10.3% -41.0%

Source: Author.

Banks may compare their own results with the dataése tables above as guidance for their own data

This chapter concludes with a summary of the appbios and results of this chapter.

5.5 Conclusion

This chapter was presented in two main sections.

Section 1 was an application section (primary psepof this study) which summarised the calculation
methodologies (introduced in Chapter 3 and 4) astep-by-step applicatiothat can be used for capital
calculation by banks of any size and complexityeSeh applications enable banksetapirically deter-
mine their own parameters from their own, uniqueslexperiences. Section 1 presented a calculation
methodology to extract the empirical asset cori@larom a set of retail loss data (based on Chigjte

as well as a calculation methodology that can leel iy banks to calculate their own fair holdingiqer

of trading book credit exposures (based on Chapter4

These two, empirically determined, parameters {asseelation for credit risk and holding period fo

trading book credit exposures) can be used by b@anétstermine a fair level of economic capital

Section 2 used the capital calculation methodo®@&oduced in Section 1 and applied data to ehch
the methodologies. This was be done to illustrat® the methodologies, introduced in this study, lsan
used by practitioners to determine fair levels afremic capital (based on their own loss dataédn-

tion 2, the results of the specific data (appli@thie methodologies) were also discussed.
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This chapter concludes with a discussion on thegmted applications and results.

5.5.1 Presented application

Chapter 3 and 4 of investigated the primary purpmidais study which is to introduce calculationtime
odologies which will allow banks, of any size armmnplexity, to empirically determine their own unéu
parameters from their own loss experiences. This dame in the two preceding chapters and the above
mentioned, empirically calculated parameters, allibw banks to ascertain whether or not the BCBS-
specified fixed parameters ensure that capitalireaquents are indeed in line with the bank’s owrslos
experience. Banks can therefore, by applying tha@tadacalculation methodologies introduce in this
study, determine fair levels of economic capitaichihis sufficient to cover losses arising from gfiec

cally credit and market risks faced by banks.

If a bank finds that the fixed parameters (as $gecby the BCBS) are too lenient, the bank camdase
economic capital reserves. If, however, a banksfitit the fixed parameters are too onerous, thk ba
can judge for itself whether or not prevailing esomc conditions warrant such capital requirement se
verity. In either case, the bank using these metlogiks is able to accurately establish its uniaggma;

pirical capital requirements.

Chapter 3 focused on credit risk and investigatedAXIRB by focusing on the estimation of an emgilric
asset correlation. Using this empirical asset t¢atiten in Basel Il specified equations allows treeiuto
determine a fair level of economic capital to b&dHer credit risk exposures. Chapter 3 specificédl-
cussed on retail credit risk which has not recesicient attention as industry and regulatorsotaces
have always focused more on corporate lending (gh®805:3). The calculation methodology intro-
duced in Chapter 3 was summarised in this chagtanapplication to be used by any bank who wlach t
extract their own empirical asset correlation fnatail loss data in order to determine an empirdegdi-

tal charge for these credit risk assets.

Chapter 4 extended the investigation (methodologgetermine a fair level of economic) beyond credit
risk (dominant in the banking book) and into marksit (prevalent in the trading book). Chapter veist
tigated incremental default risk (IDR) as the stifanelement — i.e. the credit risk embedded ie trad-
ing book. More specifically, the length of time uigd to unwind a financialredit position (the holding
period) without materially affecting underlying asprices. This calculation methodology or appiaat

to determine the a fair economic capital chargetiiaempirical holding period for credit instrumeim

the trading book was summarised in this chapter.

5.5.2 Results

The specific dataset, to which this application wpglied, as well as the resulted derived from theas

also discussed in detail in this chapter.
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To the credit risk application (introduced in Chap8) US retail data (1985-2008Q1) was applied for
analysis purposes. The first important finding zet Basel Il correlation assumptions resulted i3
times higher level of required regulatory capitan capital required using empirical asset corelat
This result was then further investigated to deiteenthe impact of the derived asset correlatiorcayi-

tal as Wood (2008:32) stated that, changing asseélation assumptions has a significant impact the
capital charge. The results in this chapter in@iddhat the regulatory capital charges were, omagee
3.3 times more that empirically-calculated capdiahrges. Furthermore, the findings also indicated, t
for all investigated retail asset classes, the Bhsharges were considerably more than the ermgisi
calculated capital charges. For the specific datasestigated, this chapter concluded that theeBHs
capital charge is too conservative and even puitihis finding raised the question about why the
BCBS set correlation at a level which is considyehigher and more conservative that what is foumd

the investigated dataset.

For the market risk application (introduced in Ciead), 13 000 bonds were randomly simulated tdyapp

to the calculation methodology introduced in Chagtand summarised in this chapter.

The results, which were based on multiple matwiéiad all different bonds with all types of creit-
ings investigated, indicated that capital charges;ulated by using Basel II's 250 holding periodrev
consistently too conservative when compared wighempirical (80 days). For the same data, the ISDA
holding period (60days) was too lenient. The rasal$o indicated that the empirical capital chargese

more in line with the industry (i.e. ISDA's) vieWwan with Basel Il view.

Results also indicated that the difference in ehmiharges between the three calculation methodse(B
II's, ISDA’s and empirical) becomes smaller ovenéi. This indicates that Basel II's capital charges
the most punitive for assets with a shorter matwritich might indicate that Basel 1l does not erege

liquidity in a bond portfolio as assets with a lengnaturity might have a more fair capital charge.

For all the results obtained in this study it ikrmmwledged that the finding cannot be generalised a
only reflects the specific data investigated. Tpeli@gation methodologies introduced in this study c
however be used by any bank to derive their owigumiresults based on their own data. Those results
may be used in economic capital calculations whighand will become more important for banks, regu-

lators and investors in future.
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Chapter 6

Conclusions and recommendations

6.1 Introduction

Measuring and managing risk capital in a bankiticaf for the maintenance of global financial sliap

— especially when large losses occur or in timehkighh market volatility and uncertainty. Ensurirgpt
stability and good governance of the banking milsethe responsibility of the BIS which recognisbd
strategic importance of banks and established BBBin 1974. The BCBS has engineered and distrib-
uted Basel | and Basel Il over the last two decddiesee1988) and since the introduction of theinsl
Basel | in 1988, risk management has evolved censidy. The Basel Il Accord — the final version of
which was introduced in July 2006 — is more risksitive than its predecessor as it extends thetawhbi
risks evaluated and it also sets out significamttre advanced risk modelling techniques intenddchto

prove the measurement and management of bankajstat(Proctor, 2006).

The current (Basel 1) accord sets onter alia, advanced modelling techniques for use by qualifyin
banks. The implementation of Basel Il helped taecrnumerous weaknesses of Basel I, although the
economic crisis (which began in 2008) exposed sdwaeeas where the accord could be further improved
to strengthen the global banking sector (Finan8ialbility Forum (FSF) and BCBS Working Group,
2009:5). Basel Il embraces, in some detail, thigeifscant bank risk components namely market, itred
and operational risk. The framework comprises timi#ars with which all banks must comply. The firs

of these pillars requires banks to retairleastan amount of capital specified by their adoptedl(segu-
latory-approved) approach. Banks must, in additden satisfy local regulators that other risksehbgen
adequately and appropriately addressed and thesiteqoapital has been reserved for these over and
above that required under the first pillar. Thiss® pillar embraces capital required for conceiuina
risk, legal risk, liquidity risk, interest rate kisnd others, including capital required for selyeeglverse
market condition. It is the aim of the BCBS thag gum of the banks' capital under pillars one amal t

will ultimately equate to banks’ economic capitadjuirements.

The most prominent aspect of Basel Il is the deitgation of theappropriateamount of regulatory capi-
tal, i.e. an amount which is not so lenient thatlibws banks to regularly fail and yet not so @osras to
impede the day-to-day operations of a bank. Thesassent of bank capital adequacy and the enforce-
ment of sufficient retained capital for this purp@se important functions of banking supervisorsegu-
lators. Regulators that perform these assessmentpare banks’ available capital (held for protettio
with the bank's capital needs (based on its ovasidiprofile). Bank management must also contirslypu
evaluate internal capital adequacy in relatiorigk faced by a bank (Federal Deposit Insurance @arp
tion (FDIC), 2004).
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Banks must comply with regulators’ demands: theyndbhave any choice in implementing the supervi-
sory rules. Several banks, however, face numerbstcles in order to comply with and effectively-im
plement the Basel Il capital requirements (Callagt2006). At the time of writing (November 2009),
most banks follow the Basel Il Standardised anddapproaches for all risk types (Van Roy, 2005:7).
To satisfy the requirements required for the adedreppproaches as set out in Basel Il, banks mwst ha
rigorous procedures in place for data collectiondet validation and backtesting. Even though this i
expensive and complex, banks that qualify are réedwith a risk management system which provides a
competitive advantage as it enables them to rhise tiatings and calculate fair regulatory capitsdrges
(Callaghan, 2006). Many banks, however, have neitie resources not the expertise to construct and
implement Basel II's Advanced models (see Strafif)02l, Yao, 2003:23 and Whalen, 2006:2). All
banks, however, also require their own internab@mic capital) models and prior to the introductas
Basel Il, these were designed with varying levélsaphistication (Wong, 2008:1). Since Basel Il sito
calibrate regulatory capital models with internabromic capital models, many banks simply employ
Basel Il Advancednodelsfor their own (internal) use (Wong, 2008:3). Theues ofeconomiccapital

model parameters, however, are chosen completéhe dtank's discretion.

Large international banks are increasingly comfiedo use their economic capital frameworks in dis
cussions with stakeholders and to use it for BAssblutions. Singh and Wilson (2007:19) expect-eco
nomic frameworks to continue to improve and, intipatar over the next few years, to be more widely
accepted by the market and regulators in assistmiis to determine their capital management require
ments. The determination of economic capital is\d will in future be — increasingly important fait a
banks, an undertaking that requires intensive ntiodehnd analysis that is not always possible 1br a

banks due to a wide variety of resource issuesr(Stend Van der Hoek, 2006:39).

Despite the retention of capital to protect bamksnffinancial crises, the 'credit crisis' has atelcalmost
every segment of the financial system. Indeed, avere the hardest hit by the crisis (which wasiarg

bly caused by the banks themselves) as billiomaantgage-related investments had to be written down
equity market values losses were considerable and expotsweeotic credit derivatives (such as CDOs
and CDSs) which subsequently defaulted, resulteshany bank failures. Some investment banks that
once dominated the financial world have either figared, been absorbed or have been reinvented as
commercial banks (The New York Times, 2009). Althlotsome signs of tentative recovery have been

noted recently, at the time of writing (Novembef@Pthe crisis continues unabated.

6.2 Problem statement

The problem statement was explored in this thesisler Basel 1, many banks are (and in the future
most is) regulated by a similar set of rules (wdifierent levels of complexity) in order to ensutat
banks reserve sufficient capital for potential adeesvents. The BCBS established equations and meth

odologies that form part of these rules, basedewrral broadly sound economic assumptions (whieh ar
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by design, highly conservative), for calculating tlequisite capital. The equations comprise several
puts, most of which may be determined by banks sedras using the most advanced approaches. The
remaining parameters, however, have been delilheifated by the BCBS as a means of introducing and
establishing the necessary austerity into capiquirement formulas. However, these fixed pararseter

may not reflect the individual and unique risk espp@s and experience of a particular bank.

The BCBS have presented detailed documentatiomdieggathe choice of model and most of the steps
which lead to the capital requirement equations,tte rationale behind the choices of fixed paramset
has not been publicly released. This opacity olesctivefairnessof the capital requirementigirnessin

the sense of 'do these fixed parameter restricticgse for capital requirements that &me onerousor

too lenien?' Without details of how to estimate (empiricallytheoretically) the fixed parameters, banks
using the BCBS-specified equations must simply jpictteat the requirements are, indeed, 'fair' deast

appropriate.

Currently (November 2009), sophisticated banksutate their economic capital requirements independ-
ently of the BCBS while smaller, less sophisticatadks — which often lack the quantitative resosiafe
their more complex peers — rely heavily on Basdbtliguidance on the estimation of economic capital
(Wong, 2008: 3).

6.3 Research goals and objectives

To address this problem, the following primary aedondary goals were identified:

1. The primary goal is to establish methodologies rtpieically estimate some of the opaque, fixed
variables present in Basel II's equations. The oadlogies allow banks (of any size and complex-
ity) to determine empirically their own unique paueters (for credit and market risk) from their own
unique loss experience. Knowing these empiricaleslallow banks to ascertain whether or not the
BCBS-specified fixed parameters ensure that capgtflirements are indeed too lenient or too oner-
ous (i.e. determine fair capital charge). If the former, banks can incresmomic capital reserves
appropriately and if the latter, banks can judgetf@mselves whether or not prevailing economic
conditions warrant such capital requirement seyehit either case, banks using the suggested meth-
odologies are be able to establish precisely Un@gue,empirical capital requirements without blind

acceptance of obscured parameters in Basel llisataplculations.

2. The secondary goal is to summarise the calculatiethodologies introduced in this study into im-
plementable applications which may be employed oy lzank. These applications allow banks (of
any size and complexity) to determine empiricatigit own unique market and credit risk parameters

from their unique loss experiences.

This study does not seek to discredit Basel Iherit acknowledges the necessity for banks torensu

that key elements of the Basel Il risk managemememance structures, policies, processes andsyste
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are robust and integrated within banks' day toatdiyities. This is especially important in thehligf the
ongoing (November 2009) credit crisis (Griffin, 3)0

6.4 Contribution

The chapters each explained a contribution whicheskas building blocks to reach the primary arad se

ondary goals set at the beginning of this study iflkividual chapter contributions are discussed.ne
= Chapter 2: Literature survey

Chapter 2 presented a literature survey which duiced the three essential role-players of global
capital regulation namely: the BIS, BCBS and thedBdl framework. These protagonists were dis-
cussed to provide a better understanding of thieaglegulation of bank capital. The concept of eco-
nomic capital was also explored in more detail tétisal developments, functioning and status quo
of the components were detailed and Basel Il'setlpidar framework was summarised. Under the
first pillar (minimum capital requirements) of Baske credit, operational and market risk was intro

duced briefly. This was followed by a brief intration of the second pillar (supervisory review) and

the third (market discipline).
» Chapter 3: Fair credit risk capital using empirical asset correlations

Chapter 3 focused only on Basel Il's first pillagmely minimum capital requirements for credit risk
(chiefly under the Advanced Internal Ratings Ba@&liRB) approach). The primary purpose of this
chapter is to introduce a calculation methodolodyclv enables banks to determine a fair level of

economic capital.

The first parameter which has deliberately biesd by the BCBS as a means of introducing and es-
tablishing the necessary austerity into capitabimegnent formulas is asset correlation and this was
investigated in Chapter 3 with the purpose of deteing a fair level of economic capital for credit
risk, specifically for retail assets. Asset cortiela was specifically identified as a potential ipiem
since an incorrect measurement of this parametdd dze detrimental in estimating a bank’s capital

requirements (Laurent, 2004:23).

Chapter 3 comprises three sections: a literatuidystwhich covers the relevant credit risk defiriis
and focused on the capital calculation framewosspribed by Basel II. As this chapter investigates
asset correlations and their impact on credit ceital charges, a thorough description of thisctop
was required in order to contextualise the subgat draw accurate conclusions on this topic), a
methodology for extracting empirical asset coriefeg using empirical data (which is employed in
the calculation methods of the prescribed Baskhthework (introduced in Section 1) to also calcu-
late the capital charge for credit risk) and a samynof the application which may be employed by
banks to extract the empirical asset correlatiomfa set of retail empirical loss data. Banks megy u

these derived asset correlations to calculatdda@ls of economic capital (using the Basel Il feam
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work and equations for credit risk). Section 3 gisesented the results obtained from the methodol-

ogy by applying it to US retail loss data.

The results indicated that the required regulatamyital is roughly three times higher than estimate
economic capital, reflecting a high — perhaps gwenitive — measure of conservatism imposed by

Basel Il.
Chapter 4: Fair trading book capital using empiricd unwind periods

Chapter 4 extended the investigation beyond cresittdominant in the banking book) and into mar-
ket risk (prevalent in the trading book) and inigeted the incremental default risk charge (IDR)
which was recently introduced by the BCBS to takeoant of credit risk embedded in the trading
book. This chapter thus investigated another patemehich has been deliberately fixed by the
BCBS as a means of introducing and establishingneessary austerity into capital requirement

formulas, namelyhe creditholding(or unwind)period.

The holding periods refers to the length of timguieed to unwind a financial position without mate-
rially affecting underlying asset prices. It is anfethe few components of contemporary risk models
which may be altered subject to the practitionetism. Most others arealculatedand hence ma-
nipulation of their values is more difficult. Chap# therefore introduced a calculation methodalogy
which may be applied by any bank, to determineeti@irical holding period for credit risky instru-

ments in the trading book.

Chapter 4 comprises of three sections. Sectionalliterature which covers all the relevant trading
book concepts and developments. Section 2 is acthelingy section (as well as an exploration of the
required parameters needed) while Section 3 isvarsuy or application section which may be used
by banks to calculate their own fair holding perafdirading book credit exposures, based on their
own data. This fair holding period is an importaatue and could be of strategic interest to banks

who wish to establish fair levels of economic calgior market risk.

Capital charges, as calculated using Basel II's I28l@ing period were found to be consistently too
conservative when compared with the empirical (8@s)l data. For the same data, the ISDA holding
period (60 days) was too lenient. The results aidicated that the empirical capital charges were
more in line with the industry (i.e. ISDA's) viewan with Basel Il view. The results also indicated
that the difference in capital charges betweenthhee calculation methods (Basel II's, ISDA’s and
empirical) becomes smaller over time, showing Basel II's capital charges are the most punitive

for assets with a shorter maturity.
Chapter 5 - Contribution and results of investigatel data

Chapter 5 presented the results obtained in thatysis and comprises two sections: a methodology
section (which summarises the capital calculati@hwodologies from Chapter 3) which may be used
by banks to extract the empirical asset correlafiom a set of retail loss data. Banks may then use

the empirical asset correlation to determine aléiel of economic capital using the Basel Il ctedi
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capital equations and a summary of the methodaloggduced in Chapter 4 which may be used by
banks to calculate their own fair holding periodraiding book credit exposures, based on their own
loss data) and a summary section (which appliesethepital calculations (one for credit risk and on
for market risk) to specific datasets and pres#msresults). These two calculation methodologies,
introduced for the first time by this study, proidanks with the opportunity to determine, empiri-
cally, their own unique parameters based on thetinah loss experiences. The contribution of this
study is therefore critical for banks as any baofkapy size and complexity) can now, by applying
theseeasy to usanethodologies, calculate empirical levels of apithich is not based on fixed
BCBS parameters, but on their own unique paramétens their own unique loss experience. The
results summarised in Chapter 5 indicated — in bafes (for credit and market risk) — that the-capi
tal charges calculated by applying fixed BCBS paatams resulted in highly conservative (even puni-
tive) levels of capital when compared with empilticaalculated (based on unique loss experience)

capital charges.

The contribution of this study is therefore extrémimportant as banks were not able in the past to
compare their regulatory capital (based on fixedBBCparameters) with their empirical levels of
capital (economic capital), based on their owngueilosses. Understanding a bank economic capital
is currently (2009) the focus of all banks, inéhglthe BIS and local regulators as the credit chun
revealed that pre-credit crunch regulation waprilipared for the crisis that followed and that itstn

be addressed in an holistic and comprehensive mamrwgder to evolve from the crisis (Morrison,
2009:2).

Knowing the accurate levels of economic capitariscal as it is used to better understand thellev
of bank solvency (Lang, 2009). Economic capitalriscial for banks' strategic decision-making proc-
esses as it provides information on issues sucjuastitative risk reward trade-offs and where risk
mitigating investments are needed. Banks furtheemely on accurate levels of economic capital to
make better pricing decisions (e.g. for credit séies in their trading book). Accurate levels ae
nomic capital also facilitate better understandihgelative returns on risks across banks and stppo
portfolio optimisation by providing a good undergling of the combinations of return for risk across
different business lines. Finally, economic capigalmportant for investment assessment used when
taking decisions about new investments. When a bankiders investment opportunities it must not
only look at the return on the investment, but alteorisk adjusted return which can be determined b

empirical economic capital (Lang, 2009).

This study proved that, for the specific sets ahdavestigated (by applying the methodologiesointr
duced for the first time in this study); the BCB&ed parameters resulted in different levels giica
tal when compared with empirically calculated calpitharges. Even though the regulatory capital

cannot be altered, banks can and do use econopitalda decision making.
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6.5 Scope

This study is aimed at banks of any size and coxitgland introduced calculation methodologies which
will allow them to determine empirically their unig parameters for capital calculation from theimow
loss experience. The study does not aim to discBatiel Il nor its conclusions, but is rather ainagd
providing banks with methodologies to determine igitgd economic capital, i.e. based on banks' own
data. Those results may be used in economic cagtalilations which are — and will become — more

important for banks, regulators and investors tarel

In Chapter 2 Basel Il was discussed along withtlinee pillar framework of which it comprises. Under
the first pillar, credit, operational and markeskriare introduced, but this study focuses only apital

calculation methodologies for credit and markek.r@perational risk was not covered.

For credit risk, the capital calculation methodglag specifically aimed atetail credit exposures which
have not received sufficient attention in recerdrgeas industry and regulatory resources have alway

focused far more ocorporatelending (Ghosh, 2005:3).

For market risk, the capital calculation methodglegas based on bonds (specifically plain vanilta; c
porate bonds). The idea was to isolate the effgictsedit-risky instruments from other types oftims
ments (such as equities) in the trading book. Usimgple debt instruments (plain vanilla corporate
bonds) the application of the methodology introduade this study could be effectively demonstrated.
Complex debt instruments (such as CDSs and CD@s)n#iicate and this unnecessarily obscures the
effective application of the introduced methodologpwever, banks which do hold complex instruments
may still apply this methodology provided they Gaturately determine both the market and credit ris

capital charge components.

6.6 Recommendations for future study

This study introduced calculation methodologiesohenables any bank to calculate fair levels of eco
nomic capital for both credit and market risk. Thtady can therefore be extended to operationkl ris

which is the least known of the three risks undasd II's Pillar 1.

The Basel equations apply a broad brush approadbaftks subject to the framework as single equation
govern all sizes and types of banks under the atdiwkd approaches (i.e. the majority of banks avorl
wide). A potential area of future investigationet&fore, would be to analyse the empirical losseb a

capital requirements over time to determine if lsankre under or overcapitalised in different areas.

Even though flexibility is introduced in the advadcapproaches via the bank's choice of input parame
ters, some of these parameters are fixed and wialite This thesis investigated asset correlatan f
credit risk and the holding period for the tradbmgpk (market risk). There are several differenapaa-

ters which may also be analysed and investigatéatume studies.
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6.6.1 Areas for future study in credit risk

= Continue the evaluation of empirical retail assefrelations by using more and more data from

deeper intdhe credit crisis (i.e. after the crisis is estsiidid as being in some sense “complete”).

= Ascertain whether the factor of 3 used (increaseaital charge based on empirical asset correla-

tion) is valid after end of the credit crisis

= Extend the investigation beyond retail assetsgo abver bank, sovereign, corporates and high vola-
tility corporate real estate assets by investigasipecific asset correlations prescribed by theeBlas

framework

= Evaluate whether maturity factor — which was exetlifom this study as retail does not require ma-

turity factor — is empirically valid for the asggpes to which it does apply.

6.6.2 Areas for future study in market risk

= Continue evaluation of whether the holding perioddredit risk in the trading book is valid i.enfp
after the credit crisis (since IDR has only recefpril 2009) been introduced). There is currently

not enough data for such investigations.

= Establish more accurate parameters for simple lgamind portfolios (e.g. interest rate volatilignd

interest rate correlation).

= Evaluate the effect of IDR on credit derivatives ion-vanilla instruments.

6.7 Final statement

Given the Global financial crisis that shocked ne#skworldwide (credit crunch from 2007-2009), the
role of risk managers and regulators will almostaiely change. This will involve increased promioe
and authority of bank regulation and a completau#kng of the way in which risks are measured.atvh
will become increasingly critical for banks is toderstand the risks they face given the underlyisig
environment. This study has made significant pgsgiin this area as it introduce calculation metted
gies which allow banks (of any size and complexityfletermine empirically their own unique parame-
ters from their own unique loss experience. walerstanding banks’ economic capital currently
(2009) such a critical focus in the global bankssgtor (Morrison, 2009:2), the contribution ofdstus
particularly relevant as it provides methodologiescalculate empirical capital charges for credit a

market risk.

Firstly, for credit risk, this study has demonstthhow empirical correlations may be calculatedanfro
minimal input data (i.e. only gross losses overgast, a seven year period), how these differ ftiben

BCBS specified correlations and how they change obianging economic conditions. The analysis is
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relevant for any bank interested in establishisgitn internal measure of asset correlation faditresk

for both regulatory and economic capital purposes.

Secondly, for market risk, this study has shown the austerity of the new trading book rules \&Hd

to significant increases in market risk regulatoapital and developed a measurement method for the
empirical holding period for credit securities. This perigdconsiderably shorter than that specified by
Basel — even after taking the severity of the ¢redinch into effect — so this measure will great$gist

banks interested in the accurate pricing of thditsecurities in their trading book.
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Appendix I

The best fit to the distribution of these loss dates the Beta distribution. In this appendix, i 10 (10

best fits) fitting results are provided. Beta wasn-average — ranked the best overall fit using<ibleno-
gorov-Smirnov, Anderson-Darling and Chi-Squaredstes

i.  Single family residential mortgages

Residential mortgagedescriptive Statistics

Statistic Value Percentile Value

Sample Size 73 Min 0.3
Range 8.57 0.05 0.39

Mean 1.1648 0.1 0.39
Variance 2.6893 25% (Q1) 0.49
Std. Deviation 1.6399 50% (Median) 0.69
Coef. of Variation 1.4079 75% (Q3) 0.99
Std. Error 0.19194 0.9 1.954
Skewness 3.574 0.95 6.304
Excess Kurtosis 12.472 Max 8.87

Residential mortgagesGoodness of Fit - Summary

Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank

1 Beta 0.07585 2 0.44877 1 3.9584 1

2 Burr 0.08964 8 0.5632 5 5.5449 8
3 Burr (4P) 0.07743 3 17.446 44 4.1029 2
4 Cauchy 0.17887 19 3.6269 16 6.9721 1
5 Chi-Squared 0.4403 48 15.152 42 77.23% 41
6 Dagum 0.22074 25 6.4115 20 12.628 16
7 Dagum (4P) 0.47004 50 0.5149 2 4.7495 T
8 Error 0.37087 42 14.373 39 42.666 28
9 Error Function 0.57258 52 26.975 49 114.89 46
10 Exponential 0.25714 28 7.8925 25 53.931 35
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Single family residential mortgage$iting Results

Distribution Parameters

1 Beta 8=0.164033,=1.3287
a=0.3 b=9.757

2 Burr k=0.16473a=9.0899b=0.41809

3 Burr (4P) k=0.5409a=2.3941
b=0.270329=0.26893

4 Cauchy s=0.18833m=0.63877

5 Chi-Squared n=1

6 Dagum k=131.37 &2.5136b=0.07002

7 Dagum (4P) k=2.9211a=1.5082
b=0.177579=0.24986
k=1.0 $1.6399m=1.1648

9 Error Function h=0.43119

10 Exponential [=0.85852

ii. Credit card loans

Credit cards Descriptive Statistics

Statistic Value Percentile
Sample Size 97 Min 2.78
Range 8.18 0.05 4.16
Mean 6.0704 0.1 4.328
Variance 2.3701 25% (Q1) 4.645
Std. Deviation 1.5395 50% (Median) 6.12
Coef. of Variation 0.25361 75% (Q3) 7.195
Std. Error 0.15631 0.9 8.12
Skewness 0.5519 0.95 8.672
Excess Kurtosis 0.26492 Max 10.96
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Credit cards Goodness of Fit - Summary

Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.06666 1 0.73394 5 2.2283 1
2 Burr 0.09476 24 0.91763 21 7.0343 6
3 Burr (4P) 0.08301 7 0.7328 4 8.7255 13
4 Cauchy 0.13148 44 2.2601 41 10.229 27
5 Chi-Squared 0.31404 53 12.097 51 72.108 50
6 Chi-Squared (2P) 0.27325 50 10.721 50 27.386 16
7 Dagum 0.09471 23 1.0607 27 8.4069 10
8 Dagum (4P) 0.08916 20 0.82989 20 8.602 12
9 Erlang 0.12086 40 1.5836 37 16.451 43
10 Erlang (3P) 0.09279 21 0.81055 17 10.728 33

Credit cards Fitting Results

Distribution

Parameters

1 Beta 8,=6.53158,=33.985
a=1.7492 b=28.555

2 Burr k=1.7299a=5.8114b=6.7378

3 Burr (4P) k=6.53918=2.8183
b=7.7520=2.3858

4 Cauchy $=1.0081m=5.9613

5 Chi-Squared n=6

6 Chi-Squared (2P) Nn=39g-=2.7184

7 Dagum k=1.1127a=6.5118b=5.7495

8 Dagum (4P) k=0.31654a=6.5329
b=4.74399=2.5753

9 Erlang m=15b=0.39044

10 Erlang (3P) m=10b=0.488199=1.2291
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Commercial real estate loans

Commercial real estateDescriptive Statistics

Statistic Value Percentile Value
Sample Size 73 Min 0
Range 8.41 0.05 0.058
Mean 1.6163 0.1 0.082
Variance 5.4829 25% (Q1) 0.16
Std. Deviation 2.3416 50% (Median) 0.46
Coef. of Variation 1.4487 75% (Q3) 1.97
Std. Error 0.27406 0.9 5.8
Skewness 1.6267 0.95 7.367
Excess Kurtosis 1.4424 Max 8.41

Commercial real estatesoodness of Fit - Summary

Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.07986 1 2.6953 2 4.8467 3
2 Burr 0.08856 10 2.7638 6 5.6973 9
3 Burr 0.08856 9 2.7638 5 5.6972 8
4 Cauchy 0.25681 35 14.527 42 11.037 17
5 Chi-Squared 0.16757 24 6.7226 30 16.87 23
6 Chi-Squared 0.16757 23 6.7226 31 16.87 22
7 Dagum 0.08411 5 2.7329 3 6.0132 11
8 Dagum 0.08411 6 2.7329 4 6.0132 12
9 Error 0.34649 44 10.59 38 46.197 33
10 Error Function 0.5 49 20.06 45 18.125 2y
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Commercial real estateritting Results

Distribution Parameters

1 Beta 8,=0.288273,=0.81
a=-7.8816E-15 b=8.41

2 Burr k=0.31705a=2.0274b=0.14284

3 Burr k=0.31704a=2.0274b=0.14283
$=0.27385m=0.27172

5 Chi-Squared n=1

6 Chi-Squared n=1

7 Dagum k=13.24 &0.78802b=0.01065

8 Dagum k=13.24a=0.788020=0.01065

9 Error k=1.27155=2.3416m=1.6163
h=0.30198

10 Exponential 1=0.6187

iv. Business loans

Business loansDescriptive Statistics

Statistic Value Percentile
Sample Size 97 Min 0.23
Range 4.42 0.05 0.418
Mean 1.7885 0.1 0.516
Variance 1.1894 25% (Q1) 0.69
Std. Deviation 1.0906 50% (Median) 1.77
Coef. of Variation 0.6098 75% (Q3) 2.67
Std. Error 0.11073 0.9 3.26
Skewness 0.44231 0.95 3.72
Excess Kurtosis -0.70449 Max 4.65
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Business loansGoodness of Fit - Summary

Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.07637 3 0.94906 1 8.9241 3
2 Burr 0.10804 11 1.6812 8 18.522 11
3 Burr (4P) 0.11454 16 1.7577 10 22.105 26
4 Cauchy 0.16959 45 3.5103 35 22.538 28
5 Chi-Squared 0.45083 57 40.302 57 80.785 51
6 Chi-Squared (2P) 0.3245 55 25.425 56 58.21p 50
7 Dagum 0.10292 8 1.3568 4 7.7197 2
8 Dagum (4P) 0.08716 6 4.7899 43 N/A 0
9 Erlang 0.25973 52 12.107 52 50.154 48
10 Erlang (3P) 0.17243 46 6.0541 a7 32.273 41

Business loansFitting Results

Distribution

Parameters

1 Beta 8,=0.998015,=1.9721
a=0.23 b=4.8464

2 Burr k=2047.9a=1.7021b=177.19

3 Burr (4P) k=1527.3a=1.3914
b=334.649=0.211

4 Cauchy $=0.81926m=1.6418

5 Chi-Squared n=1

6 Chi-Squared (2P) n=19g=0.23

7 Dagum k=0.14322a=8.1713b=3.2594

8 Dagum (4P) k=0.10726a=8.4928
b=3.18729=0.23

9 Erlang m=2b=0.66504

10 Erlang (3P) m=2b=0.987269=0.20381
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V.

Lease financing receivables

Lease financing receivable®escriptive Statistics

Statistic Value Percentile
Sample Size 97 Min 0.07

Range 2.09 0.05 0.137
Mean 0.69928 0.1 0.216
Variance 0.15686 25% (Q1) 0.385
Std. Deviation 0.39605 50% (Median) 0.68
Coef. of Variation 0.56638 75% (Q3) 0.99
Std. Error 0.04021 0.9 1.166
Skewness 0.71584 0.95 1.452
Excess Kurtosis 0.65767 Max 2.16

Lease financing receivable$soodness of Fit - Summary

Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.06212 3 0.46397 1 6.3747 2
2 Burr 0.07233 13 0.5481 7 8.0139 8
3 Burr (4P) 0.06788 8 0.5709 10 9.0734 18
4 Cauchy 0.14495 42 3.2105 40 16.833 42
5 Dagum 0.10234 31 0.71944 16 7.5458 6
6 Dagum (4P) 0.07133 12 0.53953 6 8.6416 14
7 Erlang 0.10364 32 1.2063 31 11.557 32
8 Erlang (3P) 0.12002 37 1.7517 36 8.988 15
9 Error 0.13455 39 1.5967 33 11.675 34
10 Error Function 0.65712 56 138.75 56 398.9 53

173



Lease financing receivable$iting Results

Distribution Parameters

1 Beta &=1.79178=5.9455
a=0.04394 b=2.8667

2 Burr k=300.13a=1.8513b=17.147
k=351.43a=1.7006

3 Burr (4P)
b=23.2160=0.03989

4 Cauchy s=0.26818M=0.61762

5 Dagum k=0.20558 &6.7318b=1.1375

6 Dagum (4P) k=0.14409 a7.3519
b=1.1532g=0.06916
m=3b=0.22432

7 Erlang
m=3 b=0.22989=-0.04096

9 Error k=1.5474s=0.39605m=0.69928

10 Error Function h=1.7854

vi. Loans secured by real estate

Loans secured by real estateescriptive Statistics

Statistic Value Percentile Value
Sample Size 97 Min 0.1
Range 8.47 0.05 0.3
Mean 1.929 0.1 0.34
Variance 3.6223 25% (Q1) 0.49
Std. Deviation 1.9032 50% (Median) 1.13
Coef. of Variation 0.98665 75% (Q3) 2.51
Std. Error 0.19324 0.9 5.15
Skewness 1.4288 0.95 6.224
Excess Kurtosis 1.4784 Max 8.57
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Loans secured by real esta8codness of Fit - Summary

Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.0875 2 0.91885 1 4.6471 1
2 Burr 0.10486 13 1.6062 19 10.738 18
3 Burr (4P) 0.09169 4 1.4927 18 18.667 34
4 Cauchy 0.26137 49 10.909 47 30.393 a1
5 Chi-Squared 0.38519 55 26.042 53 47.899 45
6 Chi-Squared (2P) 0.31435 51 23.737 51 N/A 0
7 Dagum 0.11007 18 1.4036 10 8.8862 g
8 Dagum (4P) 0.10406 11 1.3457 8 9.2036 12
9 Erlang 0.11672 25 1.6448 23 13.741 26
10 Error 0.2115 40 6.732 41 26.122 40

Loans secured by real estateitting Results

Distribution

Parameters

1 Beta 8=0.508148,=1.8451
a=0.1 b=10.284

2 Burr k=1.9104a=1.3604b=2.3136

3 Burr (4P) k=16.9948=0.96366
b=31.093g=0.1

4 Cauchy $=0.70481m=0.8648

5 Chi-Squared n=1

6 Chi-Squared (2P) n=1g=0.1

7 Dagum k=4.5042a=1.2307b=0.24444

8 Dagum (4P) k=1.5431a=1.3175
b=0.662029=0.07146

9 Erlang m=1b=1.8778

10 Error k=1.2622s=1.9032m=1.929
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Vil. Consumer loans

Consumer loansDBescriptive Statistics

Statistic Value Percentile

Sample Size 97 Min 1.07
Range 4.29 0.05 1.368

Mean 2.3299 0.1 1.47

Variance 0.55849 25% (Q1) 1.7
Std. Deviation 0.74732 50% (Median) 2.28
Coef. of Variation 0.32075 75% (Q3) 2.685
Std. Error 0.07588 0.9 3.156
Skewness 1.197 0.95 3.635
Excess Kurtosis 2.6645 Max 5.36

Consumer loansGoodness of Fit - Summary

Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.06286 1 0.4082 1 4.5918 3
2 Burr 0.094 33 0.64117 25 9.6267 3(
3 Burr (4P) 0.07549 8 0.49452 2 9.1553 2y
4 Cauchy 0.11917 40 1.8655 41 11.088 35
5 Chi-Squared 0.46767 57 28.05 56 127.78 54
6 Chi-Squared (2P) 0.41741 55 30.901 57 N/A 0
7 Dagum 0.0912 29 0.75293 28 6.2474 7
8 Dagum (4P) 0.07999 20 0.52275 6 8.3941 20
9 Erlang 0.14436 46 3.0455 43 9.3545 29
10 Erlang (3P) 0.0935 32 0.74615 271 11.303 36
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Consumer loansFitting Results

Distribution

Parameters

1 Beta 8,=3.80698,=3.1948E+6
a=0.88405 b=1.2140E+6

2 Burr k=1.1644a=5.4264b=2.3179

3 Burr (4P) k=3.8576a=2.2853
b=2.5332¢g=0.97151

4 Cauchy $=0.43241m=2.2605

5 Chi-Squared n=2

6 Chi-Squared (2P) n=19g=1.07

7 Dagum k=1.311a=5.214b=2.0581

8 Dagum (4P) k=0.318a=5.084
b=1.82249=1.0357

9 Erlang m=9b=0.23971

10 Erlang (3P) m=4b=0.375959=0.87766

viii.

Other consumer loans

Other consumer loandescriptive Statistics

Statistic Value Percentile Value
Sample Size 97 Min 0.67
Range 3.42 0.05 0.75
Mean 1.5248 0.1 0.906
Variance 0.37605 25% (Q1) 1.155
Std. Deviation 0.61323 50% (Median) 1.4
Coef. of Variation 0.40216 75% (Q3) 1.725
Std. Error 0.06226 0.9 2.116
Skewness 1.8206 0.95 2.905
Excess Kurtosis 4.5797 Max 4.09
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Other consumer loangsoodness of Fit - Summary

Kolmogorov Anderson Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank

1 Beta 0.04547 1 0.24218 1 2.092 2
2 Burr 0.08 20 0.8705 21 7.6604 25
3 Burr (4P) 0.04848 4 0.31606 4 4.3588 10
4 Cauchy 0.11029 31 1.9341 30 8.8333 27
5 Chi-Squared 0.58695 56 50.451 56 282 53
6 Dagum 0.0483 3 0.28525 2 4.4402 12
7 Dagum (4P) 0.05983 7 0.39395 6 4.5578 14
8 Erlang 0.11506 33 1.8689 29 7.4101 23
9 Erlang (3P) 0.16363 40 3.8379 4( 12.291 34
10 Error 0.1744 43 3.1035 37 12.032 32

Other consumer loangHitting Results

Distribution Parameters

1 Beta 8=2.45932,=5.9691E+6
a=0.59996 b=2.2560E+6

2 Burr k=0.67501a=6.0485b=1.2683

3 Burr (4P) k=1.1839%a=3.2347
b=1.0232g=0.44431

4 Cauchy s=0.2488m=1.3591

5 Chi-Squared n=1

6 Dagum k=1.5675 &4.5032b=1.2277

7 Dagum (4P) k=0.50616a=3.5854
b=1.05450=0.61727

8 Erlang m=6 b=0.24661

9 Erlang (3P) m=3b=0.358019=0.58672

10 Error k=1.05=0.61323m=1.5248
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Appendix II

The results for cumulative probability distributi6umction for the various retail asset classessa@vn

in the (a) graphs of Figure A% For a discrete random variable, the probabilitysity function (PDF) at

a certain value is the probability that the randamable will have that value. For a continuousd@m
variable, the probability density function is repeated by a curve in such a way that the area uhder
curve between two numbers is the probability that tandom variable is between those numbers. The
cumulative density function (CDF) evaluated at enhar x, describes the probability that a variables

on a value less than or equal to x (Brown, 200%seé are shown in the (b) graphs of Figure Al.

Figure Al (a) The Cumulative & (b) Probability density fdioe of fitted Beta distribution - Vertical

axis= (a) Cumulative density & (b) Frequency; Hanital axis= Percentage loss

Single family residential mortgages
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3 The Beta distribution depends on two parameteasidp (established directly from the empirical loss datandc). As these
two parameters change, the distribution also clangés therefore possible for the loss distribntio be approximately nor-
mally distributed while still actually being an wrtying Beta distribution. Therefore, a Beta disttibo (as illustrated in Ap-
pendix 1) can sometimes look like a normal (asgdibe binomial, Poisson, Weibull etc under certainditions) without it ac-
tually beinga normal distribution.
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Credit card loans
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Business loans
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Loans secured by real estate
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Other consumer loans
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