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Abstract 
 

 

Banks play a strategically important role in the machinations of both global finance and the global econ-

omy. Ensuring the stability and good governance of the banking milieu falls within the ambit of the Bank 

for International Settlements (BIS) which recognised the importance of banks and established the Basel 

Committee on Banking Supervision (BCBS) in 1974. The BCBS has engineered and distributed two ac-

cords – Basel I and Basel II – over the last two decades since 1988 with the goal of promoting adequately 

and appropriately regulated banks. The latest of these – Basel II – embraces three risk components 

namely market, credit and operational risk. The most significant aspect of the current (Basel II) accord is 

the determination of the appropriate amount of regulatory capital, i.e. an amount which is not so lenient 

that it allows banks to regularly fail and yet not be too onerous as to impede the day to day operations of a 

bank. The assessment of bank capital adequacy and the enforcement of sufficient retained capital are im-

portant functions undertaken by banking supervisors. 

Basel II requires that banks retain sufficient capital, at given confidence levels, to prevent insolvency. 

Banks must also satisfy local regulators (who may interpret and impose more stringent aspects of the ac-

cord) that additional risks have been adequately and appropriately addressed and the requisite capital has 

been reserved for these. The ultimate aim of the BCBS is to align banks' regulatory capital (the amount 

required to keep banks solvent as decided by the BCBS) with banks' internal (or economic) capital. The 

former is estimated via equations which are based on several economic assumptions, but are by definition 

highly conservative. The equations comprise several inputs, some of which are determined by banks us-

ing the most advanced approaches but many of which have been deliberately fixed by the BCBS as a 

means of introducing and establishing the perceived austerity into capital requirement formulas. The ra-

tionale behind the choices of fixed parameters has never been publicly released and this opacity obscures 

the fairness of the capital requirements; fairness in the sense of "do these fixed parameter restrictions 

make for capital requirements that are too onerous or too lenient?" Without details of how to estimate 

these fixed parameters, banks using the BCBS-specified equations must simply accept that the require-

ments are "fair" or at least appropriate. 

This thesis establishes measurement methodologies of the opaque, fixed variables of Basel II’s capital 

equations using banks' own empirical data. Using these methodologies, banks (of any size and complex-

ity) may determine their own unique parameters from their own internal loss experience and thus assess 

the fairness of the imposed regulatory capital charges. If these are deemed too lenient, banks can increase 

their capital reserves and if too onerous, banks can adjust the pricing of risky securities. In either case, 

banks using these methodologies will be able to establish precisely their unique, empirical capital re-

quirements without blind acceptance of obscured parameters in the capital calculations of Basel II. 

 



iv 
 

Uittreksel 

 
Banke speel ‘n strategiese rol in die internasionale finansiële stelsel en is noodsaaklik vir die handhawing 

van wêreldwye ekonomiese stabiliteit. Die Internasionale Verrekeningsbank (IVB) is verantwoordelik vir 

stabiliteit in internasionale bankwese en om toe te sien dat goeie bestuur in hierdie sektor gehandhaaf 

word. Die IVB het die erns en noodsaaklikheid van bankrisikobestuur besef en gevolglik die 

Baselkomitee oor Banktoesighouding (BKBT) in 1974 tot stand gebring. Die BKBT het sedert 1988 twee 

belangrike akkoorde (riglyne vir banke en toesighouers), naamlik Basel I en Basel II, saamgestel en 

gepubliseer. Die mees onlangse akkoord – Basel II – fokus op drie verskillende risiko’s waaraan banke 

blootgestel is, naamlik mark-, krediet- en operasionele risiko. Die belangrikste aspek van Basel II is die 

bepaling van genoegsame regulatoriese kapitaal wat nie so toegeeflik is dat verliese op gereelde basis lei 

tot insolvensie nie, maar moet ook nie so streng wees dat dit die bank se dag tot dag aktiwiteite nadelig 

beinvloed nie.  

Die raming van genoegsame bankkapitaal (teen gegewe sekerheidsvlakke) sowel as die regulering van 

vereiste kapitaalvlakke is belangrike verantwoordelikhede vir banktoesighouers. Verder moet banke ook 

plaaslike toesighouers (wat die akkoord strenger kan interpreteer) daarvan oortuig dat alle addisionele 

risiko’s voldoende aangespreek is en dat voldoende kapitaal daarvoor gereserveer is. Die uiteindelike 

doelwit van die BKBT is om banke se regulatoriese kapitaal (soos voorgeskryf deur die BKBT) te 

sinkroniseer met banke se interne (of ekonomiese) kapitaal. Eersgenoemde word bepaal deur die gebruik 

van vergelykings (gebaseer op ekonomiese aannames) wat per definisie baie konserwatief is. Hierdie 

voorgeskrewe vergelykings bestaan uit verskeie insette in die vorm van vaste parameters wat doelbewus 

deur die BKBT so vasgestel word dat dit strenger kapitaalvereistes tot gevolg het. Die beweegrede vir die 

BCBS se gekose parameters is nog nooit bekend gemaak nie en hierdie vaagheid (vanaf die BKBT) wek 

twyfel op die regverdigheid van regulatoriese kapitaalvereistes. Met ander woorde: Is kapitaalvlakke, 

gebaseer op die BKBT se vasgestelde parameters, te toegeeflik of te streng?  

Hierdie proefskrif bied ‘n vereenvoudigde metodologie wat banke (ongeag grootte of kompleksiteit) 

instaat sal stel om geregverdige ekonomiese kapitaalreserwes te kan bereken (gebaseer op die inividuele 

blootstelling van die bank). Banke kan, deur hierdie metododologie te gebruik, hul unieke 

verliesgeskiedenis gebruik om self die regverdigheid van voorgestelde, regulatoriese kapitaal te bepaal. 

Indien dit te toegeeflik is, kan banke hul kapitaalreserwes verhoog. Indien dit egter te streng is, kan banke 

die pryse van meer riskante effekte aanpas. Bowenal sal banke wat hierdie metodologie gebruik instaat 

wees om hul eie, empiriese kapitaalvereistes akkuraat vas te stel sonder blindelingse aanvaarding van die 

obskure parameters soos voorgeskryf in Basel II. 
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Chapter 1 

Introduction 

Life has always involved risk and those who are best able to weigh risks and make ap-
propriate decisions have always been the most successful (SAS, 2002:1).  

 

1.1  Background 

Measuring and managing risk capital in a bank is critical in maintaining global financial stability – espe-

cially when large losses occur or in times of high market volatility. It is, therefore, vital that regulatory 

capital frameworks (which are designed to measure and estimate the requisite retention of risk-sensitive 

capital) are constantly adapted and improved.  

Ensuring the stability and good governance of the banking milieu falls within the ambit of the Bank for 

International Settlements (the BIS) which recognised the strategic importance of banks and established 

the Basel Committee on Banking Supervision (BCBS) in 1974. The BCBS has engineered and distributed 

two accords (known as Basel I and Basel II) over the last two decades (since 1988) to assert that sound 

(i.e. adequately and appropriately regulated) banks are critical to the maintenance of global financial sta-

bility. Since the introduction of Basel I risk management has evolved from a completely novel and imma-

ture concept into a highly-defined and strictly-regulated process (Saidenberg and Schuermann, 2003:1). 

The current (Basel II) accord – which was launched in January 2008 – is more risk-sensitive than its 

predecessor and sets out inter alia advanced modelling techniques for use by qualifying banks. These 

methodologies are intended to improve the ability of banks to quantify and manage their risk (Proctor, 

2006). The implementation of Basel II helped to correct numerous weaknesses of Basel I, although the 

economic crisis (which began in 2008) revealed several areas where the accord could be further improved 

to strengthen the global banking sector (Financial Stability Forum (FSF) and BCBS Working Group, 

2009:5). 

Basel II embraces, in some detail, three significant bank risk components namely market, credit and op-

erational risk. The framework comprises three pillars with which all Basel-compliant banks must comply. 

The first of these pillars requires banks to retain at least an amount of capital specified by their adopted 

(and regulatory-approved) approach. Banks must, in addition, also satisfy local regulators (who may in-

terpret and impose more stringent aspects of the accord) that other risks have been adequately and appro-

priately addressed and the requisite capital has been reserved for these over and above that required under 

the first pillar. This second pillar embraces capital required for concentration risk, legal risk, liquidity 

risk, interest rate (in the banking book) risk and others, including capital required for severely adverse 

market conditions (i.e. for the results of stress testing). It is the aim of the BCBS that the sum of the 

banks' capital under pillars one and two will ultimately equate to banks' internal (or economic) capital 
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requirements or, stated differently, that the amount of capital required to keep banks solvent as decided by 

the BCBS is as closely aligned as possible with what banks themselves believe this amount of capital to 

be.  

The most prominent aspect of Basel II is the determination of the appropriate amount of regulatory capi-

tal, i.e. an amount which is not so lenient that it allows banks to regularly fail and yet not so onerous as to 

impede the day-to-day operations of a bank. The assessment of bank capital adequacy and the enforce-

ment of sufficient retained capital for this purpose are important functions of banking supervisors or regu-

lators. Regulators that perform these assessments compare banks’ available capital (held for protection) 

with the bank's capital needs (based on its overall risk profile). Bank management must also continuously 

evaluate internal capital adequacy in relation to risk faced by a bank (Federal Deposit Insurance Corpora-

tion (FDIC, 2004)). 

Banks must comply with regulators’ demands: they do not have any choice in implementing the supervi-

sory rules. Several banks, however, face numerous obstacles in order to comply with and effectively im-

plement the Basel II capital requirements (Callaghan, 2006). At the time of writing (November 2009), 

most banks follow the Basel II Standardised and Basic Approaches for all risk types (Van Roy, 2005:7).1 

To satisfy the requirements required for the advanced approaches as set out in Basel II, banks must have 

rigorous procedures in place for data collection, model validation and backtesting. Even though this is 

expensive and complex, banks that qualify are rewarded with a risk management system which provides a 

competitive advantage as it enables them to raise their ratings and calculate fair regulatory capital charges 

(Callaghan, 2006). Many banks, however, have neither the resources not the expertise to construct and 

implement Basel II’s Advanced models (see Strand, 2000:1, Yao, 2003:23 and Whalen, 2006:2). All 

banks, however, also require their own internal (economic capital2) models and prior to the introduction 

of Basel II, these were designed with varying levels of sophistication (Wong, 2008:1). Since Basel II aims 

to calibrate regulatory capital models with internal economic capital models,3 many banks simply employ 

Basel II Advanced models for their own (internal) use (Wong, 2008:3). The values of economic capital 

model parameters, however, are chosen completely at the bank's discretion.  

Large international banks are increasingly comfortable to use their economic capital frameworks in dis-

cussions with stakeholders and to use it for Basel II solutions. Singh and Wilson (2007:19) expect eco-

nomic frameworks to continue to improve and, in particular over the next few years, to be more widely 

accepted by the market and regulators in assisting banks to determine their capital management require-

ments. The determination of economic capital is – and will in future be – increasingly important for all 
                                                 
1 Several large developing countries – such as China and India – have announced that they will not adopt the Basel II framework 

(The Economist, 2003). 
2 Economic capital can be defined as the amount of capital a bank needs to cover losses arising from the unique risk exposure at a 

specific confidence level. This capital requirement is calculated based on the bank’s own dynamic, internal measures, not pre-
scribed by any external parties (Smithson, 2008). Economic capital is discussed in more detail at the beginning of Chapter 2. 
Economic capital has reached an advanced level of maturity, and is now more widely accepted than ever before (Singh and 
Wilson, 2007:19). 

3 The Basel II framework, titled the International Convergence of Capital Measurement and Capital Standards, has a clear ob-
jective to increasingly improve international convergence for capital adequacy for supervised banks (BCBS, 2006a:1). Accu-
rate and more risk sensitive economic capital models, which can, in future be implemented to improve the BCBS’s frame-
works, are therefore supported by regulators who are increasingly interested in banks’ economic capital modelling. 
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banks, an undertaking that requires intensive modelling and analysis that is not always possible for all 

global banks due to a wide variety of resource issues (Sherris and Van  der Hoek, 2006:39).  

Despite the retention of capital to protect banks from financial crises, the 'credit crisis' has affected almost 

every segment of the financial system. Indeed, banks were the hardest hit by the crisis (which was argua-

bly caused by the banks themselves) as billions in mortgage-related investments had to be written down, 

equity market values losses were considerable and exposure to exotic credit derivatives (such as CDOs4 

and CDSs5) resulted in many bank failures. Investment banks that once dominated the financial world 

have either disappeared, been absorbed or have been reinvented as commercial banks (The New York 

Times, 2009). Although some signs of tentative recovery have been noted recently, at the time of writing 

(November 2009) the crisis continues unabated. Therefore, understanding a bank’s economic capital is 

currently the focus of all banks, including the BIS and local regulators as the credit crunch revealed that 

pre-credit crunch regulation was ill prepared for the crisis that followed and that it must be addressed in a 

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

 

1.2  Problem statement  

Under Basel II, banks are (and will in the future be) regulated by a similar set of rules (with different lev-

els of complexity) in order to ensure that banks have sufficient capital for future events. The BCBS estab-

lished equations that are part of these rules, based on several broadly sound economic assumptions, for 

calculating the requisite capital. These assumptions are by definition highly conservative. The equations 

comprise several inputs, most of which may be determined by banks themselves using the most advanced 

approaches. The remaining parameters, however, have been deliberately fixed by the BCBS as a means of 

introducing and establishing the necessary austerity into capital requirement formulas. These fixed pa-

rameters may not, however, reflect the individual and unique risk exposures and experience of a bank.  

The BCBS have presented detailed documentation regarding the choice of model and most of the steps 

which lead to the capital requirement equations, but the rationale behind the choices of fixed parameters 

has not been publicly released. This opacity obscures the fairness of the capital requirements; fairness in 

the sense of 'do these fixed parameter restrictions make for capital requirements that are too onerous or 

too lenient?' Without details of how to estimate (empirically or theoretically) the fixed parameters, banks 

using the BCBS-specified equations must simply accept that the requirements are, indeed, 'fair' or at least 

appropriate. 

Currently (November 2009), sophisticated banks calculate their economic capital requirements independ-

ently of the BCBS while smaller, less sophisticated banks – which often lack the quantitative resources of 

their more complex peers – rely heavily on Basel II for guidance on the estimation of economic capital 

(Wong, 2008: 3).  

                                                 
4 Collateralised debt obligations. 
5 Credit default swaps. 
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1.3  Research goals and objectives 

To address this problem, primary and secondary goals were identified. 

� The primary goal of this study is to address the above mentioned problem statement by establishing 

methodologies to empirically estimate some of the opaque, fixed variables present in Basel II’s equa-

tions. The methodologies allow banks (of any size and complexity) to determine empirically their 

own unique parameters (for credit and market risk) from their own unique loss experience. Knowing 

these empirical values will allow banks to ascertain whether or not the BCBS-specified fixed parame-

ters ensure that capital requirements are indeed too lenient or too onerous (i.e. determine a fair capital 

charge). If the former, banks can increase economic capital reserves appropriately and if the latter, 

banks can judge for themselves whether or not prevailing economic conditions warrant such capital 

requirement severity. In either case, banks using the suggested methodologies are able to establish 

precisely their unique, empirical capital requirements without blind acceptance of obscured parame-

ters in Basel II's capital calculations. 

� The secondary goal of this study is to summarise the calculation methodologies introduced in this 

study into implementable applications which may be employed by any bank. These applications will 

allow banks (of any size and complexity) to determine empirically their own unique market and credit 

risk parameters from their unique loss experiences. 

This study does not seek to discredit Basel II; rather it acknowledges the necessity for banks to ensure 

that key elements of the Basel II risk management governance structures, policies, processes and systems 

are robust and integrated within banks' day to day activities. This is especially important in the light of the 

ongoing (November 2009) credit crisis (Griffin, 2008). 

 

1.4  Thesis outline 

This study comprises the following chapters.  

� Chapter 2: Literature survey 

Chapter 2 presents a literature survey which introduces the three essential role-players of global capi-

tal regulation namely: the BIS, BCBS and the Basel II framework. These protagonists are discussed 

to provide a better understanding of the global regulation of bank capital. The concept of economic 

capital is also explored in more detail. Historical developments, functioning and status quo of the 

components is detailed and Basel II's three pillar framework is summarised. Under the first pillar 

(minimum capital requirements) of Basel II, credit, operational and market risk is introduced briefly. 

This is followed by a brief introduction of the second pillar (supervisory review) and the third (market 

discipline). 
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� Chapter 3: Fair credit risk capital using empirical asset correlations 

Chapter 3 focuses only on Basel II's first pillar, namely minimum capital requirements for credit risk 

(chiefly under the Advanced Internal Ratings Based (AIRB) approach). The primary purpose of this 

chapter is to introduce a calculation methodology which will enable banks to determine a fair level of 

economic capital.  

The first parameter which has deliberately been fixed by the BCBS as a means of introducing and es-

tablishing the necessary austerity into capital requirement formulas is asset correlation and this is in-

vestigated in Chapter 3 with the purpose of determining a fair level of economic capital for credit 

risk, specifically for retail assets. Asset correlation was specifically identified as a potential problem 

since an incorrect measurement of this parameter could be detrimental in estimating a bank’s capital 

requirements (Laurent, 2004:23). 

Chapter 3 comprises three sections: a literature study (which covers the relevant credit risk definitions 

and focuses on the capital calculation framework prescribed by Basel II. As this chapter investigates 

asset correlations and their impact on credit risk capital charges, a thorough description of this topic is 

required in order to contextualise the subject and draw accurate conclusions on this topic), a method-

ology for extracting empirical asset correlations using empirical data (which is employed in the calcu-

lation methods of the prescribed Basel II framework (introduced in Section 1) to also calculate the 

capital charge for credit risk) and a summary of the application which may be employed by banks to 

extract the empirical asset correlation from a set of retail empirical loss data. Banks may use these de-

rived asset correlations to calculate fair levels of economic capital (using the Basel II framework and 

equations for credit risk). Section 3 also presents the results obtained from the methodology by apply-

ing it to US retail loss data. 

� Chapter 4: Fair trading book capital using empirical unwind periods 

Chapter 4 extends the investigation beyond credit risk (dominant in the banking book) and into mar-

ket risk (prevalent in the trading book) and investigates the incremental default risk charge (IDR) 

which was recently introduced by the BCBS to take account of credit risk embedded in the trading 

book. This chapter thus investigates another parameter which has been deliberately fixed by the 

BCBS as a means of introducing and establishing the necessary austerity into capital requirement 

formulas, namely the credit holding (or unwind) period.  

The holding periods refers to the length of time required to unwind a financial position without mate-

rially affecting underlying asset prices. It is one of the few components of contemporary risk models 

which may be altered subject to the practitioner's whim. Most others are calculated and hence ma-

nipulation of their values is more difficult. Chapter 4 therefore introduces a calculation methodology, 

which may be applied by any bank, to determine the empirical holding period for credit risky instru-

ments in the trading book.  
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Chapter 4 comprises of three sections. Section 1 is a literature review which covers all the relevant 

trading book concepts and developments.6 Section 2 is a methodology section (as well as an explora-

tion of the required parameters needed)7 while Section 3 is a summary or application section which 

may be used by banks to calculate their own fair holding period of trading book credit exposures, 

based on their own data. This fair holding period is an important value and could be of strategic inter-

est to banks who wish to establish fair levels of economic capital for market risk. 

� Chapter 5 - Contribution and results of investigated data 

Chapter 5 presents the results obtained in this analysis and comprises two sections. Section 1 is an 

application section which summarises the capital calculation methodologies from Chapter 3 which 

may be used by banks to extract the empirical asset correlation from a set of retail loss data. Banks 

may then use the empirical asset correlation to determine a fair level of economic capital using the 

Basel II credit capital equations. This is followed by a summary of the methodology introduced in 

Chapter 4 which may be used by banks to calculate their own fair holding period of trading book 

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

could be of strategic interest to banks who wish to establish fair levels of economic capital for market 

risk. Section 2 then applies these capital calculations (one for credit risk and one for market risk) to 

specific datasets and presents the results. The results show – in both cases – that the capital charges 

calculated by applying fixed BCBS parameters result in highly conservative (even punitive) levels of 

capital when compared with empirically calculated (based on unique loss experience) capital charges. 

� Chapter 6 – Conclusion and recommendations 

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

 

1.5  Scope 

This study is aimed at banks of any size and complexity that have adopted Basel II and introduces 

calculation methodologies which will allow them to determine empirically their unique parameters 

for capital calculation from their own loss experience. The study does not intend to discredit Basel II 

nor its conclusions, but rather aims to provide banks with methodologies to determine empirical 

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

tions which are – and will become – more important for banks, regulators and investors in future. 

                                                 
6 This section also introduces and discusses credit risk embedded in the trading book, a new development in the Basel frame-

work. A thorough description about this topic is needed to make a proper analysis and develop an accurate methodology for 
capital calculations. 

7 All the background mathematics is presented in this section. This section also applies the mathematics to a specific set of bond 
data. The properties of the underlying data are described in detail. The modelling procedures and evidence for the assumptions 
used in the calculation of empirical holding period are also presented.   
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In Chapter 2 Basel II is discussed along with the three pillar framework of which it comprises. Under 

the first pillar, credit, operational and market risk are introduced, but this study focuses only on capi-

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

For credit risk, the capital calculation methodology is specifically aimed at retail credit exposures 

which have not received sufficient attention in recent years as industry and regulatory resources have 

always focused far more on corporate lending (Ghosh, 2005:3).  

For market risk, the capital calculation methodology was based on bonds (specifically plain vanilla, 

corporate bonds). The idea was to isolate the effects of credit-risky instruments from other types of 

instruments (such as equities) in the trading book. Using simple debt instruments (plain vanilla corpo-

rate bonds) the application of the methodology introduced in this study could be effectively demon-

strated. Complex debt instruments (such as CDSs and CDOs) are intricate and this unnecessarily ob-

scures the effective application of the introduced methodology. However, banks which do hold com-

plex instruments may still apply this methodology provided they can accurately determine both the 

market and credit risk capital charge components.  

The literature study follows in Chapter 2. 
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Chapter 2 

Historical development of International Capital Regulations and 

the New Capital Accord (Basel II) 

The banking industry is probably the most regulated sector in the history of civilization 
(Bentulan, 2001:4). 

 

2.1 Introduction 

During the past four decades (since 1970) bank risk management has evolved from a completely new 

concept into a highly defined process of the modern global financial milieu. The principal driver of this 

process has been the regulation of bank risk capital.  

The primary goal of this study is to introduce methodologies to empirically estimate some of the fixed 

variables present in Basel II’s equations. The methodologies allow banks (of any size and complexity) to 

determine empirically their own unique parameters (for credit and market risk) from their own unique 

loss experiences. Knowing these empirical values may allow banks to ascertain whether or not the BCBS-

specified fixed parameters ensure that capital requirements are too lenient or too onerous. The calculation 

methodologies introduced should enable banks to estimate the fair level of economic capital for credit and 

market risk. This is important for banks as understanding  banks’ economic capital is currently (Novem-

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

If a bank finds that (based on its own empirical experience) the Basel II-prescribed capital requirements 

are too lenient, it may choose to increase economic capital reserves appropriately. If, on the other hand, 

the capital charge is too onerous, it may judge for itself whether or not prevailing economic conditions 

warrant such capital requirement severity. In either case, a bank using the suggested methodologies is 

able to establish precisely its unique, empirical capital requirements (a fair economic capital charge)8. 

It is the aim of the BCBS that the regulatory capital required to keep banks solvent be as closely aligned 

as possible with what banks themselves believe this amount of (economic) capital to be. At present, so-

phisticated banks decide their economic capital requirements independently of the BCBS while smaller, 

less sophisticated banks – which often lack the quantitative resources of their more complex peers – rely 

                                                 
8 Knowing the accurate levels of economic capital is critical for banks as it is used to better understand the level of bank sol-

vency. Economic capital is crucial for banks' strategic decision-making processes as it provides information on issues such 
quantitative risk reward trade-offs and where risk mitigating investments are needed. Banks furthermore rely on accurate levels 
of economic capital to make better pricing decisions (e.g. for credit securities in their trading book). Accurate levels of eco-
nomic capital also facilitate better understanding of relative returns on risks across banks and supports portfolio optimisation by 
providing a good understanding of the combinations of return for risk across different business lines. Finally, economic capital 
is important for investment assessment used when taking decisions about new investments. When a bank considers investment 
opportunities it must not only look at the return on the investment, but also the risk adjusted return which can be determined by 
empirical economic capital (Lang, 2009).  
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heavily on Basel II for guidance on the estimation of economic capital. Economic capital differs from 

regulatory capital as the latter refers to the minimum capital required by the regulator to maintain an ade-

quate level of liquidity based on the bank’s exposures. In this study regulatory capital refers to the capital 

charges stated by Basel II (Elizalde and Repullo, 2004:1).9  

Banks and regulators are continuously working together to improve international convergence of these 

two concepts (a principal Basel II aim). In particular, numerous discussions preceding the publication of 

Basel II have highlighted the objective of bringing regulatory capital closer to economic capital (Elizalde 

and Repullo, 2004:1). 

From a theoretical perspective, economic capital does not receive as much attention in the literature as the 

extensive regulatory capital processes and requirements. By definition, the determination of economic 

capital is proprietary: banks are understandably unwilling to share processes, procedures and methodolo-

gies that may provide them with a competitive edge. The BCBS (2009a:5) clearly acknowledges eco-

nomic capital10 and notes that economic capital modelling continues to evolve. There are significant 

methodological, implementation and business challenges which are associated with the application of 

economic capital in banks. This is particularly true if economic capital measures are to be used for inter-

nal assessments of capital adequacy. Banks are encouraged to address economic capital issues be explor-

ing methodologies to improve the overall architecture of economic capital modelling and to the underly-

ing building blocks (BCBS, 2009a:5). However, even though the BCBS recognises and encourages the 

development of economic capital, banks are still required to calculate their capital based on Basel II, 

hence regulatory capital. 

There are generally two sets of motivations for capital regulation in banks. Firstly, these regulations pro-

tect bank customers from exploitation by establishing sounder and better-informed financial institutions 

(Saidenberg and Schuermann, 2003:1). For banks this means that clients’ savings and investments must 

be protected from losses. Secondly, systemic risk is minimised. Banks are often considered a source of 

systemic risk because of their central role in financial intermediation. The Reserve Bank of Australia 

(2001:1) defines systematic risk as: 

The risk that the failure of one participant in a financial system, to meet its required obli-
gations when due will cause other participants or financial institutions to be unable to 
meet their obligations (including settlement obligations in a transfer system) when due. 
Such a failure may cause significant liquidity or credit problems and, as a result, might 
threaten the stability of financial markets. 

                                                 
9 The onset of the credit crisis (which began in 2008) has focussed attention on bank’s economic capital. The computation of risk 

capital based on a comprehensive and all-inclusive approach is critical, not only for the recovery period which will follow the 
crisis, but also to ensure sustained levels of financial stability (Morrison, 2009:1).  

10 The BCBS (2009a:1) defines economic capital as: The methods or practices that allow banks to consistently assess risk and 
attribute capital to cover the economic effects of risk-taking activities. Economic capital was originally developed by banks as a 
tool for capital allocation and performance assessment. For these purposes, economic capital measures mostly need to reliably 
and accurately measure risks in a relative sense, with less importance attached to the measurement of the overall level of risk or 
capital. Over time, the use of economic capital has been extended to applications that require accuracy in estimation of the level 
of capital (or risk), such as the quantification of the absolute level of internal capital needed by a bank. This evolution in the 
use of economic capital has been driven by both internal capital management needs of banks and regulatory initiatives, and has 
been facilitated by advances in risk quantification methodologies and the supporting technological infrastructure. 
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Banks are, amongst others, the providers of liquidity, credit and several types of other financial services. 

These important contributions make banks the most important financial intermediaries in virtually all 

economies. The hard work conducted by the international community to adopt global capital standards is 

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

Three essential role-players regulate global bank capital. These are: The Bank for International Settle-

ments (BIS), The Basel Committee on Banking Supervision (BCBS) and the document: International 

Convergence of Capital Measurement and Capital Standards (referred to as "Basel II" in this study). 

These are discussed in this chapter in order to provide a better understanding of global bank capital regu-

lation. This theoretical overview is required by the financial community to eventually have better insight 

into the calculation methodologies introduced in this study which will enable any bank to calculate fair 

levels of economic capital for credit and market risk (and the main goal of this study). 

The BIS acts as a global regulatory entity. It fulfils this role of international risk regulating facilitator 

through several representative bodies or committees with the main body (with reference to capital regula-

tion) being the BCBS. The BCBS is the second most important global role-player in the regulation of 

capital. The BCBS has produced inter alia two unique documents or accords, known in the market as 

Basel I and II. In 1988, the original Basel Accord (Basel I) was produced and was eventually replaced by 

Basel II (also named the International Convergence of Capital Measurement and Capital Standards: a 

Revised Framework (BCBS, 2006a:1)) in 2008. These accords have been widely consulted, actively re-

vised updated and amended and may be thought of as the most important tool in global capital regulation. 

 

2.2 Chapter layout 

This chapter comprises two parts. Firstly the three role-players (the BIS, the BCBS and the Basel Ac-

cords) are discussed more thoroughly. In this discussion, the focus is on the historic developments, and 

the functioning and the status quo of these role-players in the process of global capital regulations. 

The second part focuses on Basel II which currently (November 2009) serves as a guide to local regula-

tors worldwide. Specific reference is made to developments and revisions since the publication of Basel I. 

Basel II is also discussed – along with the three pillar framework of which it comprises. Under the first 

pillar, credit, operational and market risk are introduced. The second and third pillars are also discussed 

here. Since the latest (2006) version of Basel II runs into many hundreds of pages, this chapter does not 

aim at providing a detailed discussion of Basel II, but rather a summary of the main ideas. 

 

2.3 Three essential role-players in global capital regulation 

A discussion regarding the three role-players in the process 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 BIS as an organisation are detailed in this section. 

 

2.3.1.1 Historical development of the BIS 

The original negotiations that would lead to the formation of the BIS began in 1929. Members from Bel-

gium, France, Germany, Great Britain, Italy, Japan and the United States developed a framework to assist 

in German war reparations. This work eventually led to the creation of the BIS (Fratianni and Pattison, 

1999:7). War reparations were, however, not the sole motive as the BIS was also designed to address the 

threatening failure of capital markets at the end of the 1920s (Simmons, 1993:401). Central bankers also 

began to realise that a central financial institution was necessary to avoid future financial crises. Such an 

institution would serve as a coordinator of central bankers and financial regulatory authorities (Felsenfeld 

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

it began its activities in Basel, Switzerland where the headquarters were established. (Scheller, 2004:149).  

The BIS had the responsibility to collect, administrate and distribute annuities payable by Germany to the 

victorious allied nations for reparations after the war. This function had previously been performed by the 

Agent General for Reparations in Berlin, Germany which no longer existed (Felsenfeld and Bilali, 

2004:13). 

Another responsibility of the BIS was to improve international financial cooperation among global finan-

cial parties. It also had to nurture public sentiment of resistance against the disturbance of harmony. 

However, the BIS did not intend to have superior authority over central banks and therefore did not have, 

and still does not have, any legal or political authority (Felsenfeld and Bilali, 2004:3). As a result of the 

declining economic situation in Europe during the 1930s, further BIS initiatives were hampered. Euro-

pean activities were temporarily suspended during World War II and the BIS could only operate in Basel, 

Switzerland. In 1944 the Bretton Woods Conference, supported by the US government requested the liq-

uidation of the BIS (Felsenfeld and Bilali, 2004:5). This was motivated by accusations of gold laundering 

by the BIS, allegedly stolen by the Nazi’s from occupied Europe. This resolution, however, was never 

passed as the BIS nearly instantly assumed an integral role in the international payment systems in the 

post-war era, helping the European currencies to restore convertibility (BIS, 2009a). 

In the years that followed World War II, the BIS focussed on monetary policy cooperation among its 

member countries. Furthermore the BIS also had an integral role in implementing and defending the Bret-

ton Woods system11. In the early 1970’s, however, the Bretton Woods system collapsed. This was the 

main result of a fixed exchange system that failed to accommodate the needs of international trade (Ei-

chengreen, 2004:6). This was replaced by a system known as the managed floating system which recog-

                                                 
11 The Bretton Woods system refers to an international monetary system used from 1946-1973 where the value of the dollar was 

fixed in terms of gold. All other countries held their currencies at a fixed exchange rate against the dollar. When trade deficits 
occurred, the central bank of the deficit country financed the shortfall with its reserves of international currencies (The Founda-
tion for American Communications, 2002). 
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nised acceptable exchange rates, but also allowed their flexibility within specified parameters (Felsenfeld 

and Bilali, 2004:7).  

During the 1970s and 1980s the BIS was primarily active in the management of cross-border capital 

flows as a result of the oil and international debt crisis. The turbulent financial situation in the 1970s re-

sulted in the development of the regulatory supervision concept. This would be developed during the next 

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

In 1974 the BIS started an initiative that would eventually be seen as its most significant contribution to 

ensure international bank risk capital regulation. The BIS and central bank governors of the Group of Ten 

countries formed a working group in Switzerland. This would result in the formation of the BCBS (Fel-

senfeld and Bilali, 2004:8). The BCBS – and its activities since 1974 – are discussed later in this chapter.  

 

2.3.1.2 The BIS as an organisation 

Established on 17 May 1930, the BIS operates as the world's oldest international financial organisation 

(Felsenfeld and Bilali, 2004:12). Since then, global cooperation between central banks has taken place 

through regular meetings by central bank governors and other experts involved in central bank business. 

Meetings still take place in Basel, Switzerland (the head office of the BIS). The BIS also has two repre-

sentative offices in Hong Kong and Mexico City (BIS 2006:155).  

The activities of the BIS can be divided into three broad 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 that it acts as an international organisation, fostering interna-

tional monetary and financial cooperation. The BIS also serves as a bank for central bank and it attempts 

to maintain international representation. As a result, it employs 570 staff members from 53 different 

countries (BIS, 2009a). 

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

� by acting as a forum to promote dialogue and facilitate the process of making decisions among central 

banks and other authorities involved in financial stability, 

� by serving as source of economic and monetary research which makes significant contributions by 

collecting and distributing economic and financial statistics. As a result, more than 100 documents 

which provide guidance on a diverse series of supervisory topics are available on the BIS website 

(BIS, 2009b), 

� to act as a major counterparty for central banks in their financial transactions and 
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� to serve as a trustee or agent in the engagement of international financial operations.  

The BIS provides the secretariat for various committees and organisations that seek to promote financial 

stability (Yoshikuni, 2002:2) and it is these Basel based 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 global capital regulations is the BCBS which is discussed by ex-

amining the following aspects: the Basel process, the 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, regulatory authorities and central banks is a direct result of 

globalisation. This inevitable process requires a collective system to coordinate and standardise partici-

pants’ activities (Bieri, 2004:4). A global framework for harmonising processes and standards has there-

fore been developed into what is known as the Basel process (Yoshikuni, 2002:4) which may be de-

scribed as a collection of supervisory and regulatory initiatives that provide global guidance in the form 

of different committees based in Basel (Bieri, 2004:4). These committees play an integral role in ensuring 

better financial stability as they serve as a unique platform for discussion. Discussions are focused on cur-

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

Each of the four main Basel committees have their own secretariat (Yoshikuni, 2002:5). The responsibili-

ties and activities of the four different committees and their secretariats are well defined and specified. 

The secretariats have the task of providing relevant and unbiased expert analysis. The four committees 

are: 

i. the Basel Committee on Banking Supervision (BCBS) which deals with commercial banks and 

specifically capital regulation,  

ii. the Committee on the Global Financial System (CGFS) which is responsible for the functioning 

of foreign exchange and financial markets issues (Bieri, 2004:5),  

iii.  the Committee on Payment and Settlement Systems (CPSS) and is involved in market infrastruc-

ture issues such as the development of cross-border and domestic payment, settlement and clear-

ing systems (Bieri, 2004:6) and  

iv. the International Association of Insurance Supervisors (IAIS) which is responsible for regulations 

and supervision in the insurance sector (Yoshikuni, 2002:4). 

Yoshikuni (2002:5) summarises the purpose of the Basel Process as follows:  
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The Basel Process provides the international financial community with the opportunity to 
explore good governance in various regulatory and supervisory issues in forums that allow 
a frank exchange of views with the support of highly sophisticated analysis. 

The most important component of the Basel Process is the process of establishing and monitoring capital 

regulations in banks. This is accomplished by implementing and monitoring Basel I and II (these publica-

tions are discussed later in this chapter). The BCBS is the most important and influential committee in the 

Basel process (Bieri, 2004:5). 

 

2.3.2.2 The history of the BCBS 

In June 1974, Bankhaus Herstatt, a small bank in West Germany, had its banking licence withdrawn after 

a series of losses. The bank – mainly active in foreign exchange dealings – still had $620 million of for-

eign exchange trades unsettled. As a result, the counterparties involved attempted to collect their out-

standing currency without success, hence forcing several parties to default (Yoshikuni, 2002:6). This se-

ries of events resulted in the establishment to the Basel Committee on Banking Supervision at the end of 

1974 (BIS, 2001:1). The main aim of this initiative was to prevent a repetition of Bankhaus Herstatt by 

establishing international cooperation between bank regulators. The aim was to bridge gaps in bank su-

pervision internationally. Furthermore the BCBS had to improve the mutual understanding and the quality 

of bank supervision by encouraging national regulators to work together (Fratianni and Pattison, 

1999:19). The BCBS was originally established by the central-bank Governors of the Group of Ten coun-

tries as the Committee on Banking Regulations and Supervisory Practices. Since February 1975 the body 

has held meetings three or four times per annum (BIS, 2009c:1). Over the past three decades this resulted 

in the formulation and promotion of sound supervisory standards for banks worldwide through its most 

influential publications, Basel I and II (Esterhuysen, 2003:18). 

 

2.3.2.3 About the BCBS as an organisation 

The BCBS today consists of supervisory representatives from Belgium, Canada, France, Germany, Italy, 

Japan, Luxemburg, the Netherlands, Spain, Switzerland, United Kingdom and the United States (BIS, 

2009a). At their meetings the central bankers are accompanied by officials from government agencies that 

are responsible for prudential bank supervision where this is not the responsibility by the countries’ cen-

tral bank (Fratianni and Pattison, 1999:18). 

The BIS’ annual financial statements are approved and decisions taken other related business issues at the 

Annual General Meeting (AGM). At the time of writing (November 2009), 55 institutions have rights of 

voting and representation at General Meetings which includes the central banks or monetary authorities of 

Algeria, Argentina, Australia, Austria, Belgium, Bosnia and Herzegovina, Brazil, Bulgaria, Canada, 

Chile, China, Croatia, the Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hong 

Kong SAR, Hungary, Iceland, India, Indonesia, Ireland, Israel, Italy, Japan, Korea, Latvia, Lithuania, the 
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Republic of Macedonia, Malaysia, Mexico, the Netherlands, New Zealand, Norway, the Philippines, Po-

land, Portugal, Romania, Russia, Saudi Arabia, Singapore, Slovakia, Slovenia, South Africa, Spain, Swe-

den, Switzerland, Thailand, Turkey, the United Kingdom and the United States, plus the European Cen-

tral Bank (BIS, 2009a). 

During its existence the BCBS has had chairmen from different regions such as the United Kingdom, 

United States, Italy, Spain and the Netherlands. Currently (2009) it is chaired by Guillermo Ortiz, the 

Governor of the Bank of Mexico (BIS, 2009d).  

Since the formation of the committee the primary objective remained the following: The improvement of 

supervisory understanding and the quality of banking supervision worldwide (BIS, 2001:1). This objec-

tive is addressed using three principal approaches. Firstly by exchanging information on national supervi-

sory arrangements, secondly by improving the effectiveness of techniques for supervising international 

banking business and finally by setting minimum supervisory standards in the areas they are considered 

relevant (BIS, 2007:1).  

The BCBS reports to central bank governors of the member countries and seeks their approval for its 

main initiatives (BIS, 2007:1). The findings and decisions of the BCBS do not possess any formal supra-

national supervisory authority. This was, however, never the intention. In the expectation that individual 

authorities will implement detailed arrangements best suited to their own national systems, the committee 

formulates general guidelines and supervisory standards (BIS, 2001:1). The result of its activities ulti-

mately became recognised when the 1988 Accord was adopted by over 100 countries (Fratianni and Patti-

son, 1999:21). In October 2006, the BCBS reorganised its activities to function under four main sub-

committees with the following functions: 

� the Accord Implementation Group (AIG) which shares information and promotes consistency in im-

plementation of Basel II, 

� the Policy Development Group (PDG) whose main objective is to identify and review emerging su-

pervisory issues, 

� the Accounting Task Force (ATF) which strives to promote sound risk management at financial in-

stitutions by promoting more sound and transparent international accounting and auditing standards 

and 

� the International Liaison Group (ILG) which serves as a 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, whose standards and recommendations 
are recognised and implemented in legislation on a global scale.  

The BCBS formulated the Basel I and II accords, also referred to as the Capital Accords.  
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2.3.3 The Capital Accords 

The last of the role-layers are the Basel I and II (Capital) accords. The following aspects are explored: 

historical development, Basel I (1988), the 1996 amendments to Basel I and finally Basel II (2008). 

 

2.3.3.1 Historical development of the Capital Accords 

The most prominent aspects in banking regulation are the rules pertaining to banking capital (Santos, 

2001:3). The following factors led to the process that ultimately resulted in rules pertaining to banking 

capital called the Capital Accords (Saayman, 2002:124): 

� expansion of international bank operations, 

� increased levels of competition between banks and non-bank financial intermediaries, 

� deterioration of the asset quality, 

� increased product innovations and  

� a sequence of international bank crises or scandals.  

Even though the BCBS’s focus in the 1970s and 1980s was mainly on managing cross-border capital 

flows as a result of the oil crises and the global debt crisis, the 1970s financial catastrophes raised the 

matter of regulatory supervision of internationally active banks which led to the Capital Accords (Ceram, 

2005). 

Figure 2.1 illustrates the development of this influential framework for international regulatory supervi-

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

1974 BCBS off icially formed by the G10 

1988 Original Basel Accord (Basel I)

1992 Basel I becomes effective

1996 Amendment to Accord to accommodate Market Risk

1997 1996 Amendment becomes effective

1999 Consultative Package 1 (CP1) as proposal for new  framew ork 

2001 Consultative Package 2 (CP2)

2003 Consultative Package 3 (CP3)

2003 ( Q4 ) New Basel Capital Accord (Basel II)

2005 Trading book review  and double default

2006 Basel II - Comprehensive Version published

End  2006 Implementation: Simpler methods

2007 Basel II becomes effective

End  2007 Implementations: Advanced methods 

2010 End of transition period

 

Source: Compiled by the author 

 

2.3.3.2 Basel I introduced as the first Basel Accord 

Basel I was published in July 1988 and was the result of several years of work by the BCBS to implement 

international convergence of supervisory regulations. This was specifically aimed at governing the capital 

adequacy of international banks. The framework set out the details for measuring capital adequacy and 

the minimum standards to be achieved by countries. The framework was endorsed by the Group of Ten 

central bank Governors and the BCBS intended to facilitate and encourage the implementation of Basel I 

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

The Basel Accord served the purpose of measuring banks’ risk levels. The highest level of risk in a bank 

was then identified as the process of providing loans. The Basel framework therefore required a minimum 

capital standard of 8% to be adopted by compliant banks.12 The finalisation of the Basel Accord in 1988 

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

                                                 
12 Banks should hold aside total capital equal to a minimum of 8% of their total risk-weighted assets (IBM, 2005:5) 
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2.3.3.3 The 1996 Amendments to Basel I  

At the end of 1991 the original Accord was amended for the first time. This was expected as it was never 

intended to be a static document. General provisions were included in the calculation of capital adequacy. 

In 1995 the BCBS furthermore acknowledged the effects of bilateral netting of banks' credit risk exposure 

and in April 1996 the effects of multilateral netting was defined in more detail (BIS, 2007:7). 

The BCBS initiated the groundwork to improve the framework by addressing risks other than credit risk. 

Market risk was addressed for the first time in 1995 and this led to the committee’s third influential publi-

cation in 1996 titled the Amendments to the capital accord to incorporate market risk (Styger, 1998).  

The newly defined market risk was a result of banks' open positions in foreign exchange, traded debt se-

curities, traded equities, commodities and derivatives (Santos, 2001:3). Similarly to credit risk, the capital 

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

Banks were at first very critical about this because of the insufficient risk assessment methods available at 

the time (Janson, 2003:20). This, however, improved in the years that followed. The elements of market 

risk are discussed in more detail in Section 2.7.  

 

2.3.3.4 Basel II replaces Basel I 

In order to further strengthen the soundness and stability of the international banking system after the im-

portant amendment of 1996, the BCBS developed a process to establish more risk-sensitive capital re-

quirements. Therefore Basel I required further revision. 

This publication represented a process of almost six years of challenging inputs. During that time the 

BCBS engaged in extensive consultation with all member countries as proposals were also circulated to 

supervisory authorities, banking and other industry groups in order to develop a more risk-sensitive capi-

tal requirement framework which would also be conceptually sound (BIS, 2007:3). The BCBS formulated 

the first proposals for consultation in January 2001 and a second in April 2003. The BCBS also conducted 

three quantitative impact studies (related to its proposals) from which several important improvements 

were made. The current framework was eventually agreed upon by all its members in 2004. Basel II and 

the standard it contains have also been endorsed by the Central Bank Governors and Heads of Banking 

Supervision of the Group of Ten countries (BCBS, 2006a:1). 

The framework explains the details for measuring capital adequacy as well as minimum supervisory stan-

dards that ought to be complied with. In the different countries involved, the national supervisory authori-

ties represented of the BCBS is responsible for Basel II in their local markets.  
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 Basel II has been designed to provide a more forward-looking approach to capital adequacy supervision. 

This framework should therefore have the capacity to develop in future to remain relevant. This flexible 

characteristic will enable the framework to stay in line with market developments and advances in risk 

management practices (BCBS, 2006a:4). Although the BCBS’s proposals have evolved significantly in 

the past, the fundamental objectives and the three-pillar approach remain constant at the time of writing. 

Basel II is a much more complicated and better defined framework than the one it replaced. The next sec-

tion focuses on the fundamentals of Basel II. 

 

2.4 The Basel II Accord  

Basel II introduces a far more comprehensive framework for regulatory capital 
and Risk Management than we have ever known. (Temenos, 2007:2)  

 

2.4.1 Introduction to the 3 pillar approach 

The Basel II framework is designed to permit a more risk-sensitive and compre-
hensive coverage of banking risks. It consists of three complementary and mutu-
ally reinforcing pillars. (Thoraval, 2006:68)  

The main features of Basel II – accepted in June 2004 – include:  

•  Basel II capital charges focus on the quality of assets and banks are permitted to choose an ap-

proach from among several acceptable approaches (Heid, 2007:2) 

•  Basel II aligns risk and capital requirements more effectively than Basel I (IBM, 2005:5) and  

•  the three pillar approach to capital adequacy which is seen as the backbone of Basel II (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 Pillars of Basel II 

Minimum Capital 
Requirements

Supervisory Review 
Process

Market Discipline

Calculation of three 
risk types:

1. Market 1. Adequate Capital

2. Credit
2. Sound Supervisory       
          review  practice

Disclosure of Risk and 
Risk practices

3. Operational
3. Improvement of Risk 
Management techniques

Pillar IIIPillar I Pillar II

 
Source: BCBS (2004:2) 

The first pillar stipulates the minimum capital requirements to be held by banks and is designed to ensure 

that banks hold adequate capital to support risks inherent in their business. Under Pillar 1, the calculation 

of the capital requirements covers credit, market and operational risks (Varghese, 2005:3). 

Pillar 2 is concerned with the supervisory evaluation of risks not captured in Pillar 1. These include: in-

terest rate risk in the banking book, concentration risk, liquidity risk, settlement risk, reputation risk and 

strategic risk (Kaufman, 2003:7). These risks tend to be more subject to interpretation by local regulators 

and are therefore less likely to lend themselves to quantitative measurement (CEBS, 2005:21). Local 

regulators are expected to assess how well banks measure their capital needs relative to the risks they face 

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

Pillar 3 embraces market discipline – or market disclosure – which should contribute to the creation of 

sound information standards among all market participants. Pillar 3 focuses on such aspects as the publi-

cation of information on a bank’s capital adequacy and its risk profile (Oesterreichische Nationalbank, 

2007).  

Figure 2.3 is used throughout the chapter to indicate the relevant section focus. This figure is used to indi-

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

 

Source: Compiled by the author. 

As the main goal of this study is to determine a methodology to estimate the fair level of economic capital 

for credit and market risk (covered under Pillar 1) in commercial banks, the literature covering these re-

quirements needs to be understood. Even though a calculation methodology to estimate the fair level of 

economic capital for operational risk will not be covered in this study, it is nevertheless discussed for 

completeness. This is also true for Pillar 2 and 3 which will not be used in the capital calculation method-

ology, but is introduced as part of the literature study.  

2.4.2 Pillar 1 

The most important pillar, Pillar 1, consists of minimum capital requirements - 
that is, the rules by which a bank calculates its capital ratio and by which its su-
pervisor assesses whether it is in compliance with the minimum capital threshold 
(Ferguson, 2003).  

Critical elements that need to be understood with respect to Pillar 1 are: the calculation and definition of 

capital requirements, defining capital, the basics of capital adequacy and the approaches to calculating 

risk under Pillar 1 (Mars, 2008). These elements are also crucial as the calculation methodologies intro-

duced in this study are based on the principles and requirements of Pillar 1. 

 
2.4.2.1 Calculation and definition of capital requirements 

Banks take risks by investing third party deposits into loans which might not be repaid. The depositors, 

however, generally expect to receive back their deposit. Banks therefore need capital to protect depositors 

from losses when the quality of an asset deteriorates. Banks hold capital as a buffer in order to protect 

depositors and other creditors against these losses (Mars, 2008).  

 
2.4.2.2 Defining capital  

Since many definitions of capital exist, the BCBS developed standard definitions for different types of 

capital known as Tier I, II and Tier III capital. The different tier categories indicate the quality of each 

instrument. Tier I instruments (which include permanent capital, paid-up share capital and disclosed re-

PILLAR 1 

Credit Risk  

Operational Risk  

PILLAR 3 PILLAR 2 

Market risk  
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serves (Chaudhary et al, 2005)) have the highest quality. Tier II capital refers to supplementary capital 

(and includes undisclosed reserves, general provisions, asset revaluation reserves, hybrid capital instru-

ments and subordinated debt) and Tier III capital (which includes short-term subordinated debt and is 

only affected by market risk (Zaher, 2007) is not referred to as frequently in Basel II as the other tiers.  

 

2.4.2.3 The basics of capital adequacy 

The key concept of capital adequacy is that banks must maintain capital at a level that reflects the risk 

contained in their balance sheet assets. Basel II considers three separate components when referring to 

capital adequacy: the capital ratio, risk-weighted assets (RWA) and the capital base. A bank's risk-based 

capital ratio under Basel II (similar to Basel I) has a numerator representing the capital available to the 

bank (capital base). It also has a denominator that measures the risks faced by the bank, referred to as the 

RWA (Ferguson, 2003).  

assets tedRisk weigh

base Capital
ratio Capital =      (2.1) 

Where: 

� the capital ratio is the relationship between RWA and the capital base and is calculated using the 

definition of regulatory capital and risk-weighted assets. The total capital ratio must be larger than 8% 

(BCBS, 2006a:12),  

� risk-weighted assets are calculated by multiplying the value of each asset category by a conversion 

factor. The different conversion factors reflect the risk attached to that category of assets. The calcu-

lated values of the different asset categories are then added together. In practice this means cash is 

risk-free and is assigned a conversion factor of zero (Mars, 2008), and 

� the capital base which refers to the different tiers of capital developed by the BCBS. These tiers indi-

cate the quality of each instrument (The Federal Reserve Board (FED), 2006a).  

 

2.4.2.4 Approaches to calculating risk in Pillar 1 

Basel II requires banks to calculate capital requirements for exposure to credit, operational and market 

risk. Pillar 1 therefore provides banks with different approaches with different degrees of complexity and 

flexibility to calculate the capital requirements for these three different 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 the three broad approaches to 
credit risk (BCBS, 2001b:1).  

The first area of the Pillar 1 to be explored is the Standardised Approach (SA) for credit risk (illustrated in 

Figure 2.4 below).  

Figure 2.4: Structure of the Basel II discussion: Standardised approach for credit risk 

 

With the revision of Basel I, the BCBS realised that a balance between accuracy and simplicity needed to 

be achieved. As with market risk, the BCBS proposed a range of approaches for banks to calculate credit 

risk. By so doing, the BCBS opted to achieve an optimal balance between simplicity and accuracy among 

different banks. This implies that banks should calculate regulatory capital in such a way that it best re-

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

The SA is the simplest approach and relies entirely on the use of external ratings. The BCBS, however, do 

not see this as the perfect solution as banks should know their borrowers better than rating agencies. 

However, where external ratings exist and banks are not able to develop internal ratings, these external 

ratings provide a more accurate differentiation of risks. The other two approaches namely: Foundation 

Internal Ratings Based approach (FIRB) and the Advanced Internal Ratings Based approach (AIRB) 

(which is discussed later in this chapter) are based on banks’ internal rating systems. The simplicity, cost 

and compatibility of the SA makes it one of the most attractive approaches to credit risk assessment 

(Nouy, 2003:6). Since 2003, the number of Basel compliant banks increased and the SA has been fa-

voured as the compliance process is complex and can be extremely expensive (Beaton, 2007) 

The BCBS (2001a:1) furthermore describes the SA as an approach that aligns regulatory capital require-

ments more directly with the key elements of banking risk. This is achieved by the offering more diverse 

risk weights and also a wider recognition of credit risk mitigation techniques. When compared with Basel 

I, the SA in Basel II produces capital ratios that are more in line with the actual economic risks faced by 

banks. The current SA, therefore, should improve incentives for banks to improve their risk measurement 
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and management capabilities and should furthermore reduce the incentives for regulatory capital arbi-

trage13 (BCBS, 2001a:1).  

Banks are required to group all credit risks into 13 exposure classes when using the SA. The required 

capital for each class is determined by a risk weight (Smith and Kaveripatnam, 2005:49). In the case of 

sovereign, bank and corporate exposures, the risk weights are assigned to the credit rating of the underly-

ing asset as decided by an External Credit Assessment Institution (ECAI). 

The following sections explain the SA for credit risk in Pillar 1 in more detail by examining different 

types of asset classes and some implementation issues experienced in the SA. 

 

2.4.2.5.1 Asset classes 

In contrast with Basel I, the SA recognises more asset classes in Basel II. Furthermore, the link to 

external credit ratings results in weights that change in line with credit risk (Smith and Kaveripat-

nam, 2005:49). Another difference from Basel I is that local regulators have discretionary options 

for categorising asset classes and applying risk weights. The applicable rules should, therefore, be 

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

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

is done as entirely different risks may exist within similar loan categories (Walsh, 2003:1).  

The BCBS (2006a:19) identifies individual claims on: 

� sovereigns (Basel II paragraph 50-56) 

� non-central government public sector entities (PSEs) (Basel II paragraph 57-58) 

� multilateral development banks (MDBs) (Basel II paragraph 59) 

� banks (Basel II paragraph 60-64) 

� securities firms (Basel II paragraph 65)  

� corporates (Basel II paragraph 66-68) 

� those included in the regulatory retail portfolios (Basel II paragraph 69-71) 

� those secured by residential property (Basel II paragraph 72-73) 

� those secured by commercial real estate (Basel II paragraph 74) 

� past due loans (Basel II paragraph 75-78) 

� higher-risk categories (Basel II paragraph 79-80) 

� other assets (Basel II paragraph 81) and 

                                                 
13Regulatory capital arbitrage is the practice of taking advantage of the regulatory framework to reduce the level of capital re-

quired according to regulators (Mars, 2008). 
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� off-balance sheet items (Basel II paragraph 82-89) 

 

2.4.2.5.2 Implementation of the SA 

The SA can be summarised as an approach based on a set of defined categories and external rat-

ings. Banks must map this framework across their own business. Each individual risk exposure 

must be assigned to one of the 13 classes of individual claims in Basel II. A risk weight is then 

calculated by applying external credit rating to each risk exposure (Basel II paragraph 90-91). By 

employing these two important elements (a set of defined categories and external ratings), the re-

quired capital may be calculated under the supervision of local regulators. Even though local 

regulators are interested in the correct capital figure, the methods used (to calculate capital) by 

banks under their supervision are equally important (Smith and Kaveripatnam, 2005:49). 

For the first time, vast numbers of smaller banks are using risk sensitive capital calculations by 

adopting the improved SA as prescribed by Basel II (Isle of Man Financial Supervision Commis-

sion, 2006:13). However, more sophisticated banks rarely use the simplified SA opting instead 

for more advanced approaches (which usually (but not always) 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 – is the simplest approach for calculating minimum capital 

requirements and mostly used by smaller, less sophisticated banks (BCBS, 2001a:1). In this section, a 

more advanced approach is introduced, the Internal Ratings Based Approach (IRB) as illustrated in Figure 

2.5 below. 

Figure 2.5: Structure of the Basel II discussion: IRB approach for credit risk 

 

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

prescribed by Basel II. These banks should also have their systems for risk assessment evaluated and ap-
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proved by local regulators. This means that they are allowed to use their own internal estimates to deter-

mine certain risk exposures which are needed to calculate the minimum capital requirements for credit 

risk (BCBS, 2006a:52).  The risk exposures required by the BCBS are the probability of default (PD), the 

loss given default (LGD), the exposure at default (EAD), and the effective maturity (M). In the IRB ap-

proach the categorisation of exposures into different asset classes is the responsibility of banks’ internal 

risk assessors (Jackson, 2001:56). Furthermore, the IRB approach is based on measures of unexpected 

losses (UL) and expected losses (EL) which are discussed later in this chapter as part of the IRB approach 

(BCBS, 2004:48). 

 

2.4.2.6.1 Asset classes 

Similar to the SA, the IRB also uses asset classes for different risk exposures. However, in calcu-

lating capital requirements under the IRB approaches, risk exposures can be divided into five as-

set classes namely: sovereigns, banks, corporates, retail and equity. For the corporate asset class 

Basel II identified five separate sub-classes of specialised lending. For the retail asset class, three 

sub-classes are separately identified. Provided that certain conditions are met, Basel II also allows 

distinct treatment for purchased receivables (BCBS, 2006a: 52). The classification of exposures 

in this way is generally consistent with traditional bank practice. However, Basel II also allows 

banks to use different definitions in their internal risk management and measurement systems. 

Basel II does not require banks to change the way in which they manage their risks, but states that 

banks are required to apply appropriate treatment to exposures in order to calculate the capital 

charge for credit risk. Banks should however be able to demonstrate their methodology to local 

regulators (BCBS, 2006a: 52). 

The rules and guidance applying to the different asset classes are documented in detail in the 

Basel II document and consists of 159 paragraphs (214-373).  

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

 

2.4.2.6.2 Expected and unexpected losses 

The IRB approach introduces two credit risk concepts: expected and unexpected losses. It is im-

portant to understand the fundamental difference between these two for the calculation of regula-

tory capital.  

The European Commission Internal Market (ECIM) (2003:1) defines expected loss as a statisti-

cally established loss that is expected to occur on an exposure. This is calculated by multiplying 

the estimates for the probability of default with the estimates of the loss which will arise should 

default occur. However, unexpected loss refers to a risk greater than the expected losses. Unex-

pected losses arise from uncertainties in the estimates of expected loss (ECIM, 2003:1). 
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Bank capital models assume that expected losses are covered by effective pricing and provisions 

(Jackson, 2001:61). Figure 2.6 illustrates the probability distribution of potential losses associated 

with a specific time horizon, usually one year.  

Figure 2.6: Probability distribution of potential losses14 

 

Source: FED (2006b)  

Figure 2.6 shows the statistical mean of the loss distribution – equivalent to the loss amount ex-

pected over a specific time horizon. It can also be seen that there is a high probability that ex-

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

Banks require sufficient capital to protect themselves against losses up to a certain level. This 

level is referred to – in statistical terms – as the confidence level. A confidence level of 99.9% 

has been selected by Basel II for credit risk losses implying that there is a 0.1% chance that losses 

will exceed the bank’s capital. Losses greater than this are referred to as catastrophic losses (Van 

Vuuren, 2007). 

The components of expected and unexpected loss are discussed individually in the next section as 

they are used in this study to determine a calculation methodology 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 four key parameters which are used to estimate credit 

risks under the IRB approach (Saidenberg and Schuermann, 2003:8).  

These parameters, defined in Section 2.3.5, are PD, LGD, EAD and M.  

                                                 
14 The 99.9th percentile is the area to the right of the indicated line, not the line itself. 
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The PD is the probability that a borrower will default over a one year time horizon. Default oc-

curs when a borrower has not repaid its loan obligations in full (Oesterreichische Nationalbank, 

2007). Basel II asserts that default has occurred when a borrower is past due more than 90 days 

on any material credit obligation. For the calculation of PD, banks must first assign its borrowers 

to risk categories or risk buckets. Each bucket should contain customers with the same level of 

risk and is usually done using an internal rating system similar in concept to ECAI’s explained in 

Section 2.4.1. The bank must calculate a PD for each risk bucket over a one year period (Lloyd, 

2001:4).  

LGD estimates the impact on the institution of a defaulted loan and may be considered as the total 

loss faced by a bank, net of any recovery the bank has received. The recovery can be in the form 

of liquidation of collateral or the deficiency judgments made from foreclosure or bankruptcy ac-

tions. LGD can furthermore simply refer to the total percentage of the exposure that is lost 

(Featherstone et al, 2004:5). 

The EAD is the amount the bank has at risk when the loan goes into default. EAD is usually ex-

pressed as a monetary amount comprising the principal outstanding, unutilised commitment and 

any fees or other expenses the bank made in collecting the default (Featherstone et al, 2004:5). 

A maturity adjustment is usually applied under Advanced IRB which is discussed in a later sec-

tion (Aas, 2005:10).  

If a bank has a process for measuring expected loss, it will usually set the margin at the origina-

tion of the loan to cover the expected loss and to remunerate the capital held to cover unexpected 

losses (Jackson, 2001:61). This means that a general provision raised to cover an expected loss 

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

 

2.4.2.6.4 Capital calculating for IRB Approaches  

For a given maturity, the above mentioned elements are used to estimate the EL for the founda-

tion IRB approach (FIRB) and the advanced IRB approach (AIRB) (Schuermann, 2004:3).  

 

2.4.2.6.4.1 The Foundation Internal Ratings Based approach (FIRB) 

The FIRB allows banks to use their own internal credit risk estimates as inputs to determine 

the amount of capital needed. Basel II provides the methodology for calculating the capital 

requirements. The methodology comprises four inputs: the probability of default (PD), the 

loss given default (LGD), the exposure at default (EAD) and the effective maturity (M). Of 

these parameters, only PD directly characterises the specific borrower. LGD may also charac-

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

for calculating minimum capital is elaborated upon later 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 approach banks may use their own internally-

modelled measures for the PD, LGD and EAD inputs (Ilako and Stoilov, 2005:35). The more 

advanced the approach used by a bank to measure credit risk, the more sensitive is the meas-

ure to the amount of risk. It is therefore not possible to determine whether banks will require 

more or less capital under a particular approach. This can only be determined after the full 

details of a bank’s asset collection have been attained (Egan, 2003).The AIRB is discussed in 

more detail in Chapter 3.  

The next section continues the exploration of Basel II (Pillar 1) by examining operational risk. 

 

2.4.2.7 Pillar 1: Operational Risk 

This section explores Basel II's (Pillar 1) treatment of operational risk (illustrated in Figure 2.7 below). 

Figure 2.7 Structure of the Basel II discussion: Pillar 1: Operational Risk 

 

Even though the main goal of this study is to determine a methodology to estimate the fair level of eco-

nomic capital for credit and market risk in commercial banks, operational risk is still explored in this 

chapter as it is part of Pillar 1 investigated in the literature study. 

In this section operational risk is discussed by firstly exploring its background and definition, followed by 

sources and classes of operational risk. The way in which Basel II deals with operational risk and the 

three different approaches for the measurement of this risk are also discussed in this section. Finally the 

qualifying criteria for the above mentioned three approaches and the sound practices for the management 

and supervision of operational risk are discussed.  

 

 

PILLAR 1 

Credit Risk  

Operational Risk  

PILLAR 3 PILLAR 2 

Market risk  



 

 30 

2.4.2.7.1 Background and definition 

Addressing the London Credit Risk Modelling Conference in September 1998, W. McDonough, 

BCBS chairman and chief executive of the Federal Reserve Bank of New York, first introduced 

operational risk. At that time the term was only known by a very few delegates (Medova, 

2002:2). The BCBS continued to demonstrate increased interest in operational risk by publishing 

a paper entitled: Operational Risk Management in 1998. The reason for this was that the man-

agement of operational risk became a vital element of sound risk management practice in modern 

financial system (Hashagen, 2003:9).  

Influenced by the expansion and developments of industry business practices, the BCBS has rec-

ommended that operational risk must be defined as a separate risk category, backed by regulatory 

capital (Hashagen, 2003:9). Basel II specifically defines operational risk and requires that banks 

reserve capital against risks other than credit and market for this (Medova, 2002:2). In the Janu-

ary 2001 the BCBS defined operational risk as:  

The risk of direct or indirect loss resulting from inadequate or failed internal 
processes, people and systems or from external events. 

During the same year the BCBS also included legal risk in this definition while strategic and re-

putational risks were later excluded (BCBS, 2001d:2). Today, the BCBS (2006a:144) use the fol-

lowing definition for minimum capital requirements for operational risk worldwide: 

Operational risk is defined as the risk of loss resulting from inadequate or failed 
internal processes, people and systems or from external events. This definition in-
cludes legal risk, but excludes strategic and reputational risk. 

 

2.4.2.7.2 Sources and types of operational risk 

The complex nature of operational risk is the result of the dynamic risk environment in which 

banks operate (Walsh, 2003:3). Operational risk does not occur in a vacuum as losses are never 

the result of single failures in a bank. The challenge for operational risk managers is to determine 

the contributory factors in an environment in which there is interaction between the five key areas 

namely: people, processes, systems, business strategies and the business environment (Walsh, 

2003:4-5). The BCBS (2006a:305) also identified seven loss event types for operational risk that 

banks must consider when managing operational risk and calculating capital (Basel II 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 II deals with operational risk 

It is not yet clear how Basel II deals with the increasing risk faced by banks. The 8% capital ade-

quacy ratio stated by the BCBS in 1988 refers to the minimum amount of capital that banks are 

required to hold. Basel I and II require a minimum capital ratio of 8% of risk weighted assets. 

However, under Basel II the method for calculating this 8% changed (Heinrich, 2006:13).  

The new methods under Basel II result in more risk sensitive internal models for banks. This is 

the result of the globalisation of financial activity, increased sophistication of banking business 

and best practices developed over time in the banking industry (Fontnouvelle et al, 2005:26).  

In Equation 2.1, the factor of 8% is built into Basel's capital charge for credit risk. This is not true 

for market and operational risk so they must be multiplied by 12.5 to scale them back to 1 (since 

00.1%85.12 =× ). The simplified calculation for calculating the stated 8% is stated below 

(Heinrich, 2006:13).  

( ) %8
Risk lOperationaRiskMarket 12.5RiskCredit 

Capital ≥
+×+

   (2.2) 

Where:  

� Capital = Tier 1, 2 and 3 capital 

Basel II provides banks with three options or methods to 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 form a continuum of increasing sophisti-

cation and risk sensitivity. These are: the basic indicator approach (BIA), the standardised ap-

proach (SA) and the advanced measurement approach (AMA). 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 percentage of their average annual gross income (only 

positive income) over the previous three years.15 There 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 divide their business activities into eight dif-

ferent business lines. The SA is similar to the BIA except that banks must calculate the capi-

tal requirement for each different business line by multiplying gross income (average over the 

last three positive years) by fixed factors – determined by Basel II. These factors reflect the 

different risk weightings of business lines. The total capital required is the sum of the capital 

required for each of the eight business lines (Medova, 2002:5).  

 

2.4.2.7.4.3 The Advanced Measurement approach (AMA) 

The AMA is the most advanced approach available and has no fixed capital calculation 

methodology in Basel II. This approach involves a more comprehensive overview of opera-

tional losses and considers several operational risk types for each business line (Medova, 

2002:5). Under this approach banks are required to meet specific minimum quantitative and 

qualitative requirements. Banks' internal operational risk measurement systems are used to 

calculate the amount of capital to be held (Balzarotti et al, 2002:197). The BCBS ruled that, 

subjected to certain conditions, the AMA may factor in risk mitigation, such as insurance 

(Egan, 2003).  

The BCBS encourages banks to move along the spectrum of available methods or approaches 

as they become more sophisticated in their measurement of operational risk. Different quali-

fication criteria are laid down by the BCBS (2006a:144) but local regulators evaluate banks 

to determine which of the above discussed three approaches should be implemented.  

The next section continues to explore Basel II by examining market risk. 

 

2.4.2.8 Pillar  1: Market Risk 

Market risk – illustrated in Figure 2.8 below – is discussed in this section. 

                                                 
15 Gross income is defined as net interest income plus net non-interest income.  This measure should: (i) be gross of any provi-

sions (e.g. for unpaid interest); (ii) be gross of operating expenses, including fees paid to outsourcing service providers; (iii) 
exclude realised profits/losses from the sale of securities in the banking book; and (iv) exclude extraordinary or irregular 
items as well as income derived from insurance (BCBS, 2006a: 145). 
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Figure 2.8 Structure of the Basel II discussion: Pillar 1: Market Risk 

 

A background and definition of market risk is presented in this section, followed by the differences (in 

approaches to market risk) between Basel I and II. This section concludes with an overview of market 

risk measurement approaches as the fundamentals introduced in this section is applied in Chapter 4 to 

introduce a calculation methodology which could be used to determine the fair level of market risk capi-

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-balance sheet positions arising from fluctua-
tions in market prices (Bank of France, 2006:7). 

The Austrian Financial Market Authority (2007) (AFMA), defines market risk as the risk of un-

certainty in the market value of a portfolio. Bank portfolio values may decline in value as a result 

of unfavourable market price movements. This can result in losses to exposed parties.  

Market risk was not originally included in the 1988 Basel I document. The 1996 Amendment of 

Basel I introduced short-term subordinated debt (or Tier 3 capital) for covering market risk expo-

sures. In 1996 the Basel framework first required capital charges for market risk (Wong, 

2006:12). This amendment permitted banks to use their own internal models for determining the 

required capital charge (Applabs, 2007:2).  

 

2.4.2.8.2 From Basel I to Basel II 

The minimum capital requirements remained at 8% of risk-weighted assets in Basel II. The 

measurement of market risk also remained largely unchanged (Applabs, 2007:2) since the basic 

concept of market risk has remained the same (AFMA, 2007). There were, however, a few 

amendments to the Basel I document which appeared in Basel II of which the most significant 

was the definition of the trading book (Holloway and Grobler, 2005:152).  
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The definition of the bank trading book was improved in order to be more descriptive on what 

should be incorporated in the trading book. The trading book’s new definition recognises a wider 

selection of tradable instruments (Holloway and Grobler, 2005:153). The BCBS (2006a:150) de-

fines trading book Basel II as follows: 

A trading book consists of positions in financial instruments and commodities held 
either with trading intent or in order to hedge other elements of the trading book. 
To be eligible for trading book capital treatment, financial instruments must either 
be free of any restrictive covenants on their tradability or able to be hedged com-
pletely. In addition, positions should be frequently and accurately valued, and the 
portfolio should be actively managed. 

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

of the trading book as follows: 

� positions’ intents should initially be identified clearly as being trading or banking book based, 

� trading book positions must comply with a well-documented trading strategy and thoroughly 

defined policies and procedures, 

� policies and procedures should be thoroughly defined to cover the following: positions man-

aged on a trading desk, daily market to market valuations, limits structures and procedures, 

assessment of parameters, independent price verification, position reporting and position 

monitoring and 

� senior management must be aware of the above mentioned elements of the trading book that 

are subject to mark to model. This includes the actual uncertainty created in the reporting of 

the risk and performance of the business. 

Other amendments include interest rate management in the banking book, valuation requirements 

in the trading book and disclosure requirements (which are discussed later in this study).  

2.4.2.8.3 Measurement of market risk 

Market risk covers risks manifest in a bank’s trading book and is extremely relevant to market 

participants. As a result, the BCBS provided banks with two different approaches to measure 

market risk: the Standardised Method (SM) or the Internal Models Approach (IMA) (BCBS, 

2005a:3). The fundamental difference between these two approaches in that the SM uses a risk 

bucketing approach to measure general risk and ignores specific risk due to the simplicity of this 

approach while the IMA allows banks to recognise the effects of correlation across and within 

risk factors to be taken into account. The IMA also allows the measurement of specific risk for 

equity and interest rate positions. These two methods are discussed in more detail in Chapter 4 

where the IMA is used to introduce a methodology for calculating 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 firstly looking at credit risk by using the standardised as well as 

internal rating based approaches. This was followed by a discussion on the second risk type, operational 

risk. The third and final risk type under Pillar 1 was market risk which has been discussed in this section. 

In the next section, the second pillar (Pillar 2) is reviewed. Pillar 2 and 3 are introduced as they are part of 

Basel II. They will, however, not be used in the capital calculation methodology. 

2.4.2.10   Pillar 2: Supervisory Review 

In this section, Pillar 2: Supervisory Review is introduced as illustrated in Figure 2.9 below. 

Figure 2.9: Structure of the Basel II discussion: Pillar 2: Supervisory Review 

 

This section provides an overview of the background of Pillar 2, followed by an explanation on the im-

portance of supervisory review, which is based on four basic principles (Jackson, 2001:57). These princi-

ples will then be discussed as the next section. This is followed by a discussion of the three major compo-

nents recognised by the BCBS.  

 

2.4.2.10.1 Background 

The BCBS views the supervisory review process as a vital component for the support of mini-

mum capital requirements under (Pillar 1) and market discipline (Pillar 3) (Esterhuysen, 

2003:29).  

Under the supervisory review process, local regulators are required to ensure that local banks 

adopt effective and sufficient internal processes for the assessment of its capital adequacy. As-

sessments should be based on a thorough risk evaluation in the bank. Local regulators will inter-

vene if a bank’s risks exceed capital held. Pillar 2 thus 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 of supervisory review is important for the follow-

ing reasons: 

i. the supervisory review process must ensure that banks have adequate levels capital to sup-

port the total risks in their banks, 

ii. Pillar 2 strives to encourage banks to develop and use improved risk management tech-

niques for monitoring and managing risks in the banks (BCBS, 2006a:204), 

iii.  Pillar 2 recognises the responsibility of a bank’s management to develop internal capital 

measurement and evaluation processes. Furthermore banks must set adequate capital tar-

gets which reflect the bank’s risk profile and control environment. Pillar 2 also states that 

the management of a bank is still responsible for the provision of adequate capital to sup-

port the bank’s risks beyond the core minimum requirements (BCBS, 2006a:204), 

iv. local regulators should evaluate the efficiency of a bank’s capital assessment in order to 

calculate their capital needs relative to the risks present in the bank. Local regulators are 

expected to intervene where necessary (BCBS, 2006a:204) and 

v. the Committee of European Banking Supervisors (CEBS) (2005:2), states that the principal 

aim of Pillar 2 is to improve the linkage between a bank’s risk profile, risk management 

processes, risk mitigation systems and its capital. 

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

in the next section.  

 

2.4.2.10.3 The four basic principles 

Basel II prescribes the following principles that must be incorporated in local regulators’ policies 

(BCBS, 2001b:1): 

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

risk profile and strategy for maintaining their capital levels. (Basel II paragraph 726-745). 

� Principle 2: Local regulators should review and evaluate banks' internal capital adequacy and 

assessment strategies, as well as their ability to monitor and ensure their compliance with 

regulatory capital ratios. Local regulators should take appropriate supervisory action if they 

are not satisfied with the results of the process. (Basel II paragraph 746-756). 

� Principle 3: Local regulators should expect banks to operate above the minimum regulatory 

capital ratios and should have the ability to require banks to hold capital in excess of the 

minimum. (Basel II paragraph 757-758). 



 

 37 

� Principle 4: Local regulators should seek to intervene at an early stage to prevent capital 

from falling below the minimum required to support the risk characteristics of a particular 

bank and should require rapid remedial actions if capital is not maintained or restored. (Basel 

II paragraph 759-760). 

 

2.4.2.10.4 Components 

The BCBS (2006a:204) recognises three main components (which may be classified as the core 

element of Pillar 2 under Basel II) which explain the four principles above which are (Financial 

Service Authority, 2007:4) the: 

� Internal Capital Adequacy Assessment Process (ICAAP)  

� Supervisory Review and Evaluation Process (SREP) and 

� Supervisory intervention.  

The BCBS believes that the supervisory review process is fully addressed with the implementa-

tion of Basel II (Esterhuysen, 2003:31). This final pillar is called Pillar 3: Market Discipline and 

is discussed in the next section.  

 

2.4.2.11  Pillar  3: Market Discipline 

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

Figure 2.10: Structure of the Basel II discussion: Pillar 3: Market Discipline 

 

Pillar 3 is defined and its background examined. This is followed by an explanation of the purpose of Pil-

lar 3 and a review of the disclosure requirements. This section concludes with a discussion regarding the 

implementation of this last pillar and a brief summary. 
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2.4.2.11.1 Background and definition 

In recent years there have been several efforts and initiatives to increase and improve the amount 

of information banks reveal to the public. This has been motivated by a number of both banks and 

non-banks incidents of major misreporting of balance sheet positions and it serves as a proactive 

initiative by policymakers to strengthen the role of market discipline in banking supervision (De-

vine, 2005:199).  

Pillar 3: Market discipline may be described as a number of recommendations and requirements 

set out in Basel II to increase and improve the market disclosure (BCBS, 2006a:226). It is the 

BCBS’s attempt to promote market discipline through improved transparency and it plays an in-

tegral role it the success of Basel II (Saidenberg and Schuermann, 2003:13). Pillar 3 underwent 

several important changes since it was first introduced to banks. However, throughout the revi-

sion process, the BCBS maintained that the disclosures should be compulsory for all banks given 

the increased dependence on the internal assessments of risks (Saidenberg and Schuermann, 

2003:13). The requirements for Pillar 3 disclosure are based on the concept of materiality. Infor-

mation would be regarded as material if its exclusion could potentially influence decisions of us-

ers relying on that specific information (Danske Bank, 2007). It is, therefore, the responsibility of 

the bank to determine whether information qualifies as being material or not. However, Basel II 

also sets out a clear set of disclosure requirements which should be complied with by banks under 

Pillar 3 (BCBS, 2006a:229). 

The definition of Pillar 3 is consistent with that of International Financial Reporting Standards 

(IFRS). The overlapping of Pillar 3 and IFRS is a large challenge when planning the effective 

management of these two requirements. The key overlapping element is disclosure and, with ef-

fective integration, can be managed with a degree of similarity (Devine, 2005:212). Market par-

ticipants and local regulators usually focus on Pillar 1, 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. complementing the functioning of minimum capital requirements stated in Pillar 1 as well 

as the supervisory review process in Pillar 2 (BCBS, 2001c:1), 

ii. market transparency achieved by requiring more detailed disclosure of important of risk 

and capital elements. These disclosures provide market participants such as counterparties 

and investors with key information required to have an informed view of a bank’s risk pro-

file (Saidenberg and Schuermann, 2003:7), 
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iii.  allowing market participants to access the above-mentioned information. Important pieces 

of information include the scope of application, capital, risk exposures, risk assessment and 

management processes, and therefore the capital adequacy of banks (BCBS, 2006a:226), 

iv. improving the quality and quantity the information it provides. In order to assist market 

participants to make more accurate and informed judgements on the health of banks they 

intend to do business with (BCBS, 2006a:226) and 

v. enhancing financial stability (BCBS, 2001c:3). The FED (2006b) recognises the signifi-

cance of market discipline in promoting better risk management practices and systems. Pil-

lar 3 supports the process of improved financial stability in the banking sector. 

The Basel II prescribed disclosure requirements to determine the relevant disclosures to local 

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

 

2.4.2.11.3 Disclosure requirements  

Pillar 3 deals with the issue of transparency in banks. Local regulators have diverse measures that 

can be used to require banks to make the relevant disclosures; they must also ensure that the rele-

vant disclosures provided by banks are timely (BCBS, 2004:175). Basel II provides the main dis-

closure requirements under Pillar 3 under the following four principles (Basel II 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 regulators and banks, but also provides guidance on 

implementation. This is discussed in the next section. 

 

2.4.2.11.4 Implementation of Pillar 3 

The BCBS (2001c:3) acknowledges that there are differences in the legal authority of local regu-

lators in different countries. It is difficult to set disclosure standards that apply equally well in all 

countries. Some local regulators have the authority to apply general disclosure requirements di-

rectly through compulsory regulations while others may only have the power to use indirect ap-

proaches, such as issuing sound practice recommendations. Local regulators have adopted diverse 

responses for banks that fail to comply with the disclosure requirement under Pillar 3. Therefore 

the BCBS desires the introduction of strong recommendations or principles. The BCBS will fur-
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thermore continue to investigate different approaches to achieve the implementation of these rec-

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

Neither local regulators nor market participants have studied (in the requisite detail) the usability, 

feasibility or appropriateness of the Pillar 3 disclosures (Gibbons, 2007:6). If the main aim of Pil-

lar 3 is market discipline, then these various disclosures ought to be investigated and stated 

clearly to ensure proper interpretation by all market participants.  

 

2.5 The relationship between model complexity and flexibility  

As a summary of Basel II complexity and flexibility, Figure 2.11 presents a comparison between the 

Basel II regulatory capital regime and bank's own internal economic capital regime. The different meth-

odologies employed and the distribution of model flexibility and complexity in the methods for calculat-

ing bank capital is shown in Figure 2.11 below. 

 

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

 

RISK TYPE A B C D 

Market Standardised approach Internal models 

Credit Standardised 
approach 

Foundation in-
ternal ratings 

based approach 

Advanced 
internal ratings 
based models 

Operational Basic indicator 
approach 

Standardised 
approach 

Advanced mod-
els approach 

ECONOMIC 
CAPITAL 

Models speci-
fied by: BCBS 

Bank (but may 
employ BCBS 

models) 

Parameters 
determined by: BCBS 

BCBS + some 
bank 

Bank + some 
BCBS 

Bank 

 

Source: Compiled by author 
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Examining the methodologies discussed in this chapter, it is important to note that only C and D in Figure 

2.11 were investigated. A and B refers to the less sophisticated methods in which models are not as com-

plex as in C and D. C (in Figure 2.11) refers to the most advanced capital calculation approached avail-

able to banks under Basel II. These approaches (for credit and market risk) are investigated and their pa-

rameters investigated in order to determine calculation methodologies which may be used by banks to 

estimate the fair level of their economic capital. The methodologies introduced should enable banks to 

determine their own level of economic capital (D in Figure 2.11) which should be sufficient to cover 

losses arising from relevant risks.  

 

2.6   Conclusion 

This chapter introduced two concepts namely economic and regulatory capital. This study will assist 

banks to calculate their own economic capital for market and credit risk elements. However, the economic 

capital calculations are based on Basel II's approach which was designed and is currently employed glob-

ally for regulatory capital calculations. This chapter aimed at providing an explanatory summation of the 

literature and theory on the historical development of international capital regulations and Basel II.  

This chapter provided an overview of elements and events that led to Basel II as well as the historical de-

velopment of international capital regulations. A detailed discussion regarding the BIS, the BCBS and the 

Basel Accords (Basel I and II) was also provided. In discussing these, specific attention was paid to their 

historical developments, functioning and the status quo.  

This chapter also focused on Basel II (which replaced Basel I). The function of Basel II was introduced 

with specific reference to developmental amendments and revisions that have occurred to Basel I. Some 

technical functionalities of Basel II were introduced and the framework was discussed in the light of the 

three pillar framework of which it comprises, namely minimum capital requirements (Pillar 1), supervi-

sory review (Pillar 2) and market discipline (Pillar 3). 

This chapter concludes the theoretical investigation. The next chapter builds on this literature to address 

the primary goal set for this study, namely, to determine a methodology to estimate the fair level of eco-

nomic capital for credit and market risk in commercial banks. 
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Chapter 3 

Fair credit risk capital using empirical asset correlations 

Correlation is the biggest single driving factor of Basel II. It’s a critical factor, and 
banks should really be looking at it much more closely” (Leighton, 2006)  

 

3.1  Introduction  

In the previous chapter, the literature surrounding the three essential role-players of global capital regula-

tion was investigated namely: the Bank for International Settlement (BIS), The Basel Committee on 

Banking Supervision (BCBS) and Basel Accords. These three role players were explored in order to pro-

vide a comprehensive understanding of the global regulation of bank capital.  

The previous chapter comprised of two main parts. The first part examined the historic developments, 

functioning and status quo of the three essential role-players. The second part summarised the Basel II 

Accord and the three (minimum capital requirements, supervisory review and market discipline) pillar 

framework of which it comprises. This chapter focuses only on the first pillar namely the minimum capi-

tal requirements and specifically on credit risk.  

Basel II sets out two approaches to estimate the (regulatory) capital that banks require to provide for 

credit risk: the Standardised Approach (SA) (in which banks allocate capital according to prescribed risk 

weights, specified by the BCBS) and the Internal Ratings Based (IRB) approach (in which banks may 

derive and employ their own credit ratings assigned to obligors). The latter approach is further split into 

two sub-approaches namely the Foundation IRB approach (FIRB) (in which banks must use BCBS capi-

tal formulas, but must use all parameters – other than PDs – specified by the BCBS) and the Advanced 

IRB (AIRB) (in which banks may determine and employ many of their own parameters, but must still use 

BCBS specified capital formulas) (Ilako & Stoilov, 2005:34).  

This thesis aims to address the fair allocation of capital by establishing methodologies to empirically es-

timate some of the opaque, fixed variables present in the Basel II accord's equations. This chapter focuses 

only upon capital calculated using the AIRB approach. The introduction of the much-needed analytical 

methods provided by the Basel II AIRB approach has, among others, two advantages, namely:  

� a more efficient and fair overall level of capital to be held and 

� a more dynamic and realistic capital adequacy computation (Das, 2006:2).  

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

any size and complexity) to empirically determine their own unique parameters from their own unique 

loss experiences. Knowing these empirical values will allow banks to ascertain whether or not the BCBS-

specified fixed parameters ensure that capital requirements are indeed accurate. The study will therefore 

enable banks to determine fair (i.e. not too punitive as to inhibit efficient functioning of the bank and not 
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too lenient as to allow the bank to malfunction in times of stressed economic conditions) levels of eco-

nomic (i.e. internal) capital which is sufficient to cover losses arising from specifically credit and market 

risks faced by banks.  

If the fixed parameters specified by the BCBS are too lenient, banks can increase their economic capital 

reserves appropriately and if they are too onerous, banks can judge for themselves whether or not prevail-

ing economic conditions warrant such capital requirement severity. In either case, banks using the sug-

gested methodologies are able to establish precisely their unique, empirical capital requirements without 

blind acceptance of the parameters (the estimation of which the BCBS do not provide much detail) used 

in the capital calculations of Basel II. Even though the regulatory capital cannot be altered, banks can and 

do use economic capital in decision making16. This chapter introduces a parameter estimation methodol-

ogy specifically for credit risk. 

When modelling the risks to which banks are exposed there are numerous different scientific elements 

that should be considered and investigated in order to model the risks effectively (Currie, 2004:9). In this 

chapter, asset correlation (a measure of the co-movement of asset return values, which are required in the 

Basel II formulation) is the scientific credit risk element that is investigated as the incorrect estimation of 

this parameter could be detrimental (i.e. significantly over or understated) to the management of a bank’s 

capital requirements (Laurent, 2004:23). In order to determine the fair level of economic capital for credit 

risk, this chapter introduces a methodology for extracting empirical asset correlations using empirical loss 

data. Empirical asset correlations, instead of the fixed Basel II asset correlations, are employed in the cal-

culation methods prescribed by Basel II to determine the fair level of economic capital for credit risk ex-

posures. 

Empirical loan loss data are used to extract empirical asset correlations. For this chapter, empirical loan 

loss data were derived from retail loans which were chosen specifically as this type of lending has not 

received sufficient attention in recent years as industry and regulatory resources have always focused far 

more on corporate lending (Ghosh, 2005:3). Corporate, bank and sovereign credit exposures have been 

more thoroughly explored as data for these loan types are far more plentiful, leaving retail credit risk less 

well understood. This lack of data could prove damaging to banks, but it also provides an opportunity to 

explore and ultimately determine a fair level of credit risk economic capital by investigating empirical 

retail lending (Helbekkmo, 2006:62).  

An investigation into empirical retail lending furthermore adds additional value to the findings of this 

chapter as there are still vast unexplored opportunities in the retail banking segment as banks with proac-

tive and well understood retail credit risk management strategies should achieve strong growth in terms of 

both volumes and profitability (Rao, 2005:7). 

It is, furthermore, critical that asset correlation is thoroughly understood by banks as it is the biggest sin-

gle driving factor of Basel II (Lopez, 2005:21).Bank regulatory capital is profoundly affected by the level 

                                                 
16 See footnote 9 on page 8. 
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of asset correlation (as is illustrated later in this chapter), so it is critical that banks understand how these 

values are determined (Chernih et al, 2006:2). Banks are being urged to explore this factor more closely 

and this chapter makes a useful contribution by introducing a methodology which may be employed by 

all banks to extract empirical asset correlations from empirical loan loss data. After the development of 

the methodology, the approach is applied to and tested on 22 years of loan loss data – recorded for differ-

ent retail asset types – in US banks. These data are well-recorded and freely available (U.S. Bureau Eco-

nomic Analysis, 2008).  

 

3.2  Chapter layout 

This chapter comprises three main sections: 

� a literature study which covers the relevant credit risk definitions and concepts and focuses specifi-

cally on the capital calculation framework prescribed by Basel II. As this chapter investigates asset 

correlations and their impact on credit risk capital charges, a thorough description of this topic is re-

quired in order to contextualise the subject and draw accurate conclusions on this topic. 

� a description of a methodology for extracting empirical asset correlations from empirical data. These 

data are employed in the calculation methods prescribed by Basel II (introduced in Section 1) to also 

calculate the capital charge for credit risk. 

� an application section which may be employed by banks to extract their own empirical asset correla-

tion from their own empirical retail loss data. Banks may use these derived asset correlations to calcu-

late fair levels of economic capital (using the Basel II equations for credit risk). This final section also 

presents a summary of the results obtained from the application of the methodology to US retail loss 

data. 

A more comprehensive description of each section of this chapter follows at the beginning of each indi-

vidual section.  

 

3.3  Literature study  

The literature study covers all important credit risk definitions and concepts required for this chapter. 

Specific attention is paid to the capital calculation framework prescribed by Basel II. The literature study 

commences with a brief introduction to credit risk, followed by the options (provided by Basel II) for cal-

culating the credit risk capital charges: the SA and IRB. Different types of credit exposures are introduced 

as well as the reasons behind the choice of retail credit exposures. Some discussion on Basel II’s treat-

ment of retail credit risk also follows. 

The credit risk model chosen by the BCBS for Basel II is the asymptotic single risk factor (ASRF) ap-

proach. The credit risk capital requirements (prescribed by Basel II) are based upon the ASRF approach 
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which is explored further by examining reasons why it was adopted, what a single factor model is and 

how it differs from a multifactor model. The parameters involved in the ASRF approach is also discussed, 

starting with the most important parameter (Lopez, 2005:21) namely the asset correlation and the set 

regulatory values of this parameter. The difference between asset and default correlation as well as the 

difficulties involved in calculating default correlations are also discussed.  

Other elements and parameters of the ASRF approach follow the discussion concerning asset correlation 

as all these elements are required in the capital calculation for credit risk exposures. These elements and 

parameters include average and conditional probability of default (PD), loss given default (LGD), ex-

pected versus unexpected losses (EL and UL), exposure at default (EAD) and risk weighted assets. Ma-

turity adjustments in corporate loans is mentioned, but not discussed in any detail as they are not required 

for the relevant retail exposures of this chapter. The literature study concludes with a discussion on model 

calibration. 

As this chapter introduces a calculation methodology to extract empirical asset correlations to be used in 

the calculation of a fair level of credit risk capital, a thorough explanation of the elements and parameters 

involved in this methodology is also presented.  

The FIRB allows banks to use the Basel II specified equations for credit risk as well as their own internal 

estimates of the probability of default. All other parameters required as inputs into the Basel II specified 

equations to determine the amount of required capital to protect banks against credit risk losses are also 

specified by Basel II in this approach. Within the AIRB approach, banks may use their own internally-

estimated measures for PD, LGD and EAD but not correlations (Ilako & Stoilov, 2005:35) which are 

specified by Basel II and thus in some sense "fixed". These elements are discussed in this literature sec-

tion to provide the reader with sufficient background to understand the calculation methodologies intro-

duced in this chapter. 

 

3.3.1 Introduction to credit risk 

Basel II defines credit risk as: 

…the potential that a bank borrower or counterparty will fail to meet its obligations in 
accordance with agreed terms. The goal of credit risk management is to maximise a 
bank’s risk-adjusted rate of return by maintaining credit risk exposure within acceptable 
parameters (BCBS, 2000:1). 

Credit risk is one of the three major risks covered in Pillar 1's ambit of Basel II (market and operational 

risk are the other two). Basel II specifies only these three main risks in the calculation of minimum capital 

to be held by a bank to ensure adequate capital is held to support all risks to which banks are exposed 

(Varghese, 2005:3). Banks generally face enormous exposures to credit risk: the most prominent causes 

of banking difficulties are attributed to negligent/high risk credit provision to counterparties, bad portfolio 

risk management or the inability to respond sufficiently to economic changes that can lead to an increase 

in credit risk of the bank’s counterparties (BCBS, 1999:1). 
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3.3.2 Calculating the capital charge for credit risk  

The two Basel II approaches to credit risk (SA and IRB) were introduced in Section 2.3.5 of Chapter 2. 

When opting for the SA, banks use external ratings to classify all borrowers into seven risk categories 

with different risk weights. The capital required is then 8% of the risk-weighted total exposure. However, 

while conceptually the same method is followed, the IRB capital calculations are more complex. The 

complexity is confined to the risk weight calculation, which becomes a function of several parameters 

(Lamy, 2006:160).  

Unlike the SA, the AIRB allows banks to use more of their own internal estimates as inputs to calculate 

the capital charge. Basel II provides guidance on this topic and focuses on explaining the risk weight for-

mulas from a non-technical perspective (BCBS, 2005b:4). Basel II also describes the economic founda-

tions as well as the underlying mathematical model (but not in sufficient detail for practitioners to repro-

duce the parameters fixed in Basel II) and its input parameters which are discussed later in this chapter.  

The IRB approaches comprise four main inputs: PD, LGD, EAD and maturity. Of these inputs, only PD 

directly characterises the specific borrower. This chapter focuses on the AIRB approach which is similar 

to the FIRB except that for the AIRB approach banks may use their own internally-modelled measures for 

the PD, LGD and EAD inputs (Ilako & Stoilov, 2005:35). The AIRB approach was chosen as it provides 

a more sensitive credit risk measure (Egan, 2003) and the more risk sensitive the approach the more ef-

fectively (and accurately) regulatory capital can be calculated. 

 

3.3.3 Different types of credit exposures 

In calculating the capital requirements under the AIRB approach, risk exposures are divided into five as-

set classes namely sovereigns, banks, corporates, retail customers and equity (Oesterreichische National-

bank, 2007). The definitions and details of these exposures have been discussed in Chapter 2 of this 

study. This chapter explores retail exposures and losses in the retail credit sector. 

 

3.3.4 Retail exposures and Basel II 

Retail credit can be defined as exposures that include, inter alia, consumer credits (such as residential 

mortgages, auto finance and credit cards) and small business loans. Small business loans have characteris-

tics that make them more comparable to consumer loans than to large business loans (Berlin & Mester, 

2004:721). Retail credit is a unique from of lending as it involves lending money to individuals which 

also includes unrated borrowers. Credit amounts are relatively small in size and individual losses on sin-

gle retail loans will not cause insolvency of a bank, hence calculating the credit risk on each individual 

loan in not worthwhile. A borrower’s PD depends not only 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 as retail exposures (BCBS, 2004:51):  

� exposures to individuals such as revolving credits and lines of credit as well as personal term loans 

and leases, regardless of size, qualify as a retail exposure,  

� residential mortgage loans qualify as retail credit (regardless of exposure size) but with the consent 

that the borrower is an individual that is an owner-occupier of the financed property 

� loans granted to small businesses which are managed as retail exposures are also retail credit expo-

sures. However, the maximum allowed exposure of the bank to this type of borrower is €1 million. 

To ensure that retail exposures receive mass-market treatment, these loans classified as retail exposures 

must form part of a large pool of loans managed on a pooled basis. Local regulators are allowed to set a 

minimum number of exposures within a pool for exposures in that pool to be treated as retail (BCBS, 

2004:51). Furthermore, within the retail asset class category, banks are obliged to identify the following 

three sub-classes of exposures: 

� exposures secured by residential properties which have a similar definition as in SA (Jacobsohn, 

2004:23) 

� qualifying revolving retail exposures which include overdrafts and credit cards and are allowed a 

maximum exposure of €100,000. Qualifying revolving retail exposures are revolving, unsecured, un-

committed and must be issued to individuals and  

� "all other" retail exposures which include loans to small businesses, car loans and consumer credits 

(BCBS, 2004:51). 

For retail credit, like all other defined credit risk exposures, the credit risk capital charge as prescribed by 

Basel II is based on the ASRF approach, discussed in the next section. 

 

3.3.5 The ASRF approach  

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

A bank’s credit risk capital requirements are derived from risk weight formulas developed using a portfo-

lio-based asymptotic single risk factor (ASRF) loss model. Although there are no reference documents 

which detail Basel II’s implementation and testing of this model, it is generally believed that the working 

paper version of Gordy (2003) was the pioneer to the ultimate Basel II credit risk equations (Aas, 

2005:10). 

Portfolio invariance – defined by the BCBS (2005b:4) as the capital required for any given loan should 

only depend on the risk of that loan and must not depend on the portfolio to which it is added – of the 

capital requirements is an essential assumption made in the AIRB approach. The following two require-

ments apply for portfolio-invariance:  
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� there is only a single systematic risk factor that drives correlations across obligors, and 

� no exposure in a portfolio accounts for more than an arbitrarily small share of total exposures (Gordy, 

2003:199).  

At the transaction level, the need for stability in business operations favours portfolio-invariant capital 

charges (BCBS, 2005b:4). Basel II therefore uses single (ASRF) instead of multi-risk factor models to 

ensure that the contributions to VaR are portfolio-invariant. Unlike single risk factor models, multi-risk 

factor models cannot be portfolio invariant due to the definition stated above. The use of the ASRF ap-

proach assumes that the credit portfolio of a bank comprises a large number of relatively small exposures 

(i.e. the concentration risk is negligible) (Cox, 2007:160). This implies that the idiosyncratic risk associ-

ated with individual exposures tend to cancel out and that only systematic risks, which affect all expo-

sures, have a material effect on portfolio losses (BCBS, 2005b:4).  

The most important property of this model is that all systematic (or system-wide) risks that affect all bor-

rowers to a certain degree (such as industry or regional risks) are modelled with only one systematic risk 

factor. Banks are, however, encouraged to use credit risk models that best fit their internal risk needs 

when calculating their economic capital. Under the AIRB approach, banks are expected to estimate their 

unexpected losses17 for credit exposures. This is achieved by calculating the conditional expected loss for 

exposures given the appropriate conservative value of the single systematic risk factor (BCBS, 2005b:4).  

The important components and parameters which constitute the ASRF approach are discussed in the next 

section which commences with an exploration of the most important parameter – the asset correlation – 

and the regulatory specification of this parameter (Lopez, 2005:21). 

 

3.3.5.1 Asset correlation  

The single systematic risk factor needed in the ASRF approach is generally considered to be the state of 

the economy (BCBS, 2005b:8), either locally or globally, depending on the loan context. The degree of 

the borrower’s exposure to the systematic risk factor is expressed by the asset correlation: a measure of 

the degree of co-movement between changes in asset value of one borrower and changes in asset value of 

another. The asset correlation in the ASRF approach measures the degree of co-movement between 

changes in a borrower's asset value and changes in the general (either local or global) state of the econ-

omy (i.e. the 'single factor'). All borrowers are linked to each other by this single risk factor (BCBS, 

2005b:8). 

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

for each different credit exposure type in Basel II. Asset correlations were set to ensure that the higher the 

                                                 
17 Expected losses are “usual” or average losses that a bank incurs in its natural course of business, unexpected losses are devia-

tions from the average that may threaten a bank’s stability (Navarrete, 2006:1). Expected and unexpected losses are discussed 
later in this chapter as they have a significant impact on capital charges. They are shown in Figure 3.1. 
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correlation between individual asset values, the higher the probability that assets will default at the same 

time, hence a higher level of capital is required for different portfolios with the same PD (Gore, 2006).  

 

3.3.5.1.1 Importance of correlation 

Credit risk analysis focuses primarily on the shape of the loss distribution for a portfolio of assets, 

(specifically the tails of the distribution) when determining the adequate amount of capital banks 

require to cover potential losses. The prominent role that correlation plays in this capital calcula-

tion led to an increased focus in importance for academics and professional practitioners (Cassart 

et al, 2007:2). 

The importance of asset correlation is rooted in the statistical fact that changes in the correlation 

between assets transfers some of the risk away from the mean toward the tail of the loss distribu-

tion. An increase in the correlation between assets fattens the tail of the loss distribution which 

results in an increased amount of capital banks need to cover potential losses (Cassart et al, 

2007:2). Asset correlation is also a crucial input for credit risk management as it has a direct im-

pact on determining the PD of a credit instrument (Chen, 2005:50).  

 

3.3.5.1.2 Asset and default correlation 

These two types of correlation are closely related. When two borrowers are part of a homogenous 

group the default correlation can be determined from the:  

 ...time series of defaulted and non-defaulted loans of this group without further 
assumptions. Therefore, estimating correlation is not a problem of methodol-
ogy. However, in practice we do not know firsthand which obligors build a ho-
mogenous group. In the one–factor model there exists a one-to-one mapping be-
tween default correlation and asset correlation for a given probability of default 
(Dullmann & Scheule, 2003:6). 

Default correlation refers to the phenomenon that the likelihood of one obligor defaulting on its 

debt is affected by whether or not another obligor has defaulted on its debts (Lucas, 2004:2). In 

practice, this correlation is difficult, if not impossible, to measure directly. However, the default 

correlation of two borrowers may be inferred by measuring the individual default probabilities of 

the obligors as well as their asset correlation. The idea is intuitive and used in the Moody’s KMV 

formulation:18 an obligor is likely to default when the asset value falls below the value of obliga-

tions. The joint probability of two obligors defaulting during the same time period is the likeli-

hood of both borrowers’ asset values falling below their respective default points during that pe-

riod. This probability can be determined using the correlation between the two firms’ asset values 

and the individual likelihood of each firm defaulting (Zhang et al, 2008:6). 

                                                 
18 Moody's KMV is the industry standard for measuring the credit risk of individual firms. The Moody's KMV provides objec-

tive, quantitative solutions that are essential to predict a firm's PD (Moody’s KMV, 2009) 
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In typical economic capital calculations, then, each obligor has a unique asset correlation that is 

used in the determination of credit losses. For the purposes of regulatory capital calculations, 

such a multitude of parameters is infeasible. Instead, Basel II proposed equations that assign asset 

correlations that are either (a) fixed or (b) a decreasing function of firm probability of default 

(Lopez, 2005: i).  

 

3.3.5.1.3 Previous studies 

Dullmann & Scheule, (2003:21) investigated the determinants of the asset correlations of German 

firms (clients) and the implications for banks’ required regulatory capital. Their results suggest 

that further research was justified for the estimation of asset correlations as several studies in the 

past addressed this issue with remarkable differences in their empirical results.  

The wide range of empirical findings does not only highlight the importance of 
further empirical research but even more advocates a stronger focus on the eco-
nomic factors that can explain the observed differences Dullmann & Scheule, 
(2003:21).  

Chernih et al (2006:12) also investigated asset correlation and found that asset correlations are 

lower than those suggested by the BCBS in Basel II. Even though numerous articles (e.g. Lopez 

(2004 and 2005) and Duchemin et al (2003) have reported asset and default correlations based on 

a variety of different datasets, some issues still remain which require additional exploration as 

current findings has been inconclusive.  

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

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

 

3.3.5.2 Average and conditional PDs 

The next important parameter in the ASRF (used for calculating the capital charge under Basel II’s AIRB 

approach) is the PD. Merton (1973:449) defined PD as: the probability that the firm is unable to satisfy 

some or all of the indenture requirements. The PD is usually stated for a fixed assessment horizon such as 

one year. Merton modelled the asset value of obligors as a variable whose value can vary over time and 

asserted that the variation in value of the obligor's assets behaves as a normally distributed random vari-

able (BCBS, 2005b:5).  

The Basel II capital formulas for the AIRB approach make use of average PDs – estimated by banks – for 

the implementation of the ASRF approach. The model was developed to reflect expected default rates 

under normal business conditions (BCBS, 2005b:4). During the last decade, banks have been forced to 

redesign their PD models in order to develop the most accurate PD under Basel II. To determine an effec-

tive PD, banks now distinguish whether different PD measures are point-in-time (PIT), through-the-cycle 

(TTC) or a hybrid, which incorporates elements of both PIT and TTC, PDs (Aguais, 2008:267).  
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A PIT PD assesses the likelihood of default over a future period, most often the period one year from the 

present and sometimes for multiple years forward. An accurate PIT PD anticipates the short term future 

on the basis of present circumstances by integrating all applicable cyclical developments and individual 

obligator values with appropriate probabilities. This approach results in a robust short term probability of 

default. In contrast to the PIT PD, TTC PDs indicate circumstances anticipated over particularly long pe-

riods where the effects of the economic cycle, average close to zero. By considering up and downturns in 

the economy, probabilities of default can be defined as a median of multiple PIT PDs (Aguais, 2008:272). 

As far as Basel II is concerned, the BCBS favours the use of TTC PDs although strong emphasis is also 

placed on the need for an integrated PIT–TTC approach. The Basel II requirements are, however, con-

stantly under discussion and therefore open to interpretation (Aguais, 2008:269). Balthazar (2004:84) 

predicted that one of the main issues of Basel II AIRB would be that banks would have to prove that the 

long-term PDs assigned to their clients are indeed correct. In the light of the ongoing credit crisis (No-

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

Average PDs are transformed into conditional PDs to calculate the conditional expected loss.19 This is 

achieved by applying a supervisory mapping function derived from an adaptation of Merton’s (1973) sin-

gle asset model to a bank’s credit portfolios (BCBS, 2005b:4). The conditional PD reflects a default rate 

given an appropriately conservative value (99.9%) of the systematic risk factor (BCBS, 2005b:6). The 

same value of the systematic risk factor is also used for all instruments in banks' portfolios. Vasicek 

(2002) proved that, under certain conditions, Merton’s model can logically be extended to a specific 

ASRF credit portfolio model. The BCBS adopted the assumptions of a normal distribution for the sys-

tematic and idiosyncratic risk factors following the findings of Merton and Vasicek (BCBS, 2005b:5).  

In this section, PD was introduced as parameter in the ASRF. The next parameter used for calculating the 

capital charge under Basel II’s AIRB approach is the LGD and is discussed in the following section. 

 

3.3.5.3 Loss Given Default 

LGD is another important parameter in the ASRF approach and refers to the total loss faced by a bank 

(when a client defaults), net of any recovery the bank has received or will receive. LGD furthermore es-

timates the impact on the bank when going into default (Featherstone et al, 2004:5). Unlike the method 

used for PDs: 

the IRB does not contain a specific function that converts average LGDs expected to 
occur under normal business conditions into conditional LGDs which are consistent 
with the appropriate conservative value of the systematic risk factor (BCBS, 2005b:6). 
The Basel II framework instead requires that estimated LGD parameters must reflect 
economic downturn conditions where necessary to capture the relevant risks and that 

                                                 
19 The IRB estimate a conditional expected loss, which is a measure of credit VaR as Basel II requires banks to cover EL + UL. 

However, the product LGD x PD is deducted because the EL should be covered by the bank's loan loss provisions. The capital 
charge should therefore cover all the unexpected losses that exceed the EL. 
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supervisors will continue to monitor and encourage appropriate approaches to this is-
sue (BCBS, 2004:96).  

This use of downturn LGD takes into account the fact that the correlation between PD and LGD is ig-

nored by Basel II (Miu & Ozdemir, 2006:2).  

The ASRF approach asserts that the total loss for an exposure is equal to the product of a conditional PD 

and a 'downturn' LGD. In order to derive an economic-downturn LGD, the Basel framework considered 

two approaches. The first approach is to use bank-reported LGDs and to apply a mapping function (simi-

lar to that used for PDs) to them that would provide downturn LGDs. The second option is that banks 

could be requested to provide downturn LGD information based on internal LGD assessments during un-

favourable conditions (BCBS, 2005b:4).  

The next important components of the ASRF model are expected 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 important parameters of the ASRF approach which are used 

for calculating the capital charge using Basel II’s AIRB approach. Under the AIRB approach there are 

two different credit risk concepts: expected loss (EL) and unexpected loss (UL). It is important to under-

stand the fundamental difference between these two. 

In Chapter 2, Figure 2.4 illustrated the difference between EL and UL. EL is the mean of a bank’s total 

estimated loss over a specific time horizon and is calculated as the simple mean based on the historical 

gross losses. Figure 2.4 depicts this statistical mean of the loss distribution. Risk management, however, 

focuses primarily on managing variability or the uncertain; hence the need to calculate a bank’s UL. The 

only current standard to express UL is that used for regulatory capital and economic capital purposes: a 

measure to 99.9% confidence20 over a one-year time horizon (Davies, 2005:31).  

From a Basel II perspective, banks are required to cover their EL on an ongoing basis in the form of pro-

visions (bank capital), effective pricing and write-offs. No additional regulatory capital should be set 

aside for EL under Basel II as it represents another cost component of the lending business. In contrast to 

EL, UL refers to potentially large losses that may occur; hence regulatory capital is needed to absorb UL 

(BCBS, 2005b:7).  

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

discussed next.  

 

 

 

                                                 
20 The confidence interval is discussed in more detail later 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 approach and describes the losses to which the bank is 

exposed when the loan transitions to default. EAD is usually expressed as a monetary amount comprising 

the principal outstanding, unutilised commitment and any fees or other expenses the bank made in col-

lecting the outstanding part of the loan (Featherstone et al, 2004:5). The capital requirement as laid out in 

Basel II can, however, also be expressed as a percentage of the total exposure (BCBS, 2005b:11). In order 

to derive a capital charge, risk weighted assets,21 must be multiplied by EAD and the reciprocal of the 

minimum capital ratio of 8%, i.e. by a factor of 12.5 thus, since:  








×=
EAD

RWA
k %8       (3.1) 

Where: 

� k = the capital required (expressed as a percentage of the total exposure) 

� RWA = the risk weighted assets 

EADkRWA ××= 5.12         (3.2) 

In this section, EAD and risk weighted assets were discussed as parameter in the ASRF. In the next sec-

tion, the maturity adjustment factor (which is also used in the estimation of capital charges under Basel 

II’s AIRB approach) is introduced. 

 

3.3.5.6  Maturity adjustment  

The next important parameter in the ASRF approach is maturity adjustment. A bank’s credit portfolio 

comprises of loans with different maturities. Long-term loans are considered riskier than short-term 

loans22 ; hence, the regulatory capital requirement increases with maturity (BCBS, 2005b:4). The maturity 

adjustment, specified in Basel II, is intended to account for the effect of an loan's maturity on the risk of 

changes in its fair value (e.g. as a loan's maturity is extended, the risk of it being subjected to a down-

grade increases simply as a result of the timeline (Cornford, 2006:4)).  

The risk of default (or downgrade), however, decreases with a decrease in a loan's maturity (BCBS, 

2005b:10). The Basel II maturity adjustment is the product of two terms: one corresponding to a standard 

maturity and the other applying to exposures with maturities not compliant to this standard. The second 

term has a minimum maturity, which restricts the potential capital reduction due to maturity adjustment 

                                                 
21 The assets of a bank multiplied by a risk weighting prescribed by the regulatory authorities. The risk weighting representing 

the relative risk of the underlying assets. Based on the amount of risk-weighted assets, the amount of minimum capital required 
by the bank can be calculated (ING, 2009) 

22 The empirical evidence found that long-term bonds have higher yields than short-term bonds. Investors seem to earn higher 
expected rates of return on average in long-term bonds, because these bonds are riskier (Financial planet, 2009) 
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(Cornford, 2006:4). This study, however, focuses on retail portfolio’s for which Basel II's AIRB capital 

equation has no maturity factor23 (BCBS, 2006a:76).  

 

3.3.5.7 Model calibration 

Within the ASRF approach, two key parameters are also set by Basel II: the confidence level (deemed to 

be sufficient when using the AIRB approach) and asset correlation (which indicates the dependency of 

borrowers on the overall state of the economy) (BCBS, 2005b:11).  

Banks require sufficient capital to protect them against losses up to a certain confidence level, referred to 

as the statistical confidence level. The equation used in the ASRF approach is calibrated to ensure a con-

fidence level of 99.9% (BCBS, 2004:73). This confidence level has been designed to protect banks 

against a 1:1 000 year default event. It is also designed to protect against 1:1 000 banks defaulting in a 

single year, a far more likely event in the global financial system (Van Vuuren, 2007), particularly in the 

current (November 2009) economic environment. This confidence level is high – much higher than the 

99% confidence interval used for market risk capital estimation – but it was deliberately chosen to be high 

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

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

All the different parameters discussed above are used in the ASRF approach to determine the regulatory 

capital for credit risk under the AIRB approach.  

The actual calculations and how these parameters are used to eventually determine regulatory capital are 

discussed in the next section. This is important to understand as the methodology (in the next section) and 

parameters (discussed above) are used to achieve the primary purpose of this chapter, namely to introduce 

a calculation methodology which will enable banks to determine fair level of economic capital which is 

sufficient to cover losses arising from the credit risk faced by banks.  

 

3.4  Methodology and parameters 

For banks using the SA, the capital required is determined by calculating the percentage of the weighted 

total exposure (Lamy, 2006:160). The following equation explains this simple calculation: 

8%  Weight  Risk RequiredCapital ××= EAD     (3.3) 

The more complex AIRB capital calculation uses these parameters in the capital calculation where the 

risk weight is a factor of the PD, LGD, asset correlation (ρ) and maturity (M). The risk weight is multi-

plied by EAD and 8% to determine the required capital. This is indicated in the equation below: 

                                                 
23 The BCBS (2002) states that, for retail loans, no explicit maturity adjustment is required. This decision was based on the con-

sideration that the introduction of a separate maturity adjustment for retail loans would be too complicated since this would re-
quire a separate analysis of prepayment risk and transition behaviour of loan counterparties, etc. 
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%8),,,( RequiredCapital
WeightRisk

××=
444 3444 21
MLGDPDfEAD ρ

 (3.4) 

 

3.4.1 The mathematics of the ASRF approach 

The Basel II capital charge equation for retail portfolios is given by: 

( ) ( )
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999.0
 RequiredCapital
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  (3.5)  

Where:  

� N = a standard normal distribution applied to threshold and conservative value of the systematic fac-

tor,  

� N-1 = the inverse of the standard normal distribution,  

� retail loans do not have a maturity adjustment factor and hence this is not taken into account,  

� LGD = the loss given default. When using historical LGD and loss data, in order to achieve a relevant 

downturn LGD,24 results show that the LGD should be increased by between 35% and 41% (Miu & 

Ozdemir, 2006:44). These findings are sufficiently conservative (and research in this field is suffi-

ciently lacking) to have been widely accepted25 by the major rating agencies (e.g. S&P and Fitch) and 

other academic research. For this reason, the increase in the LGD used in this study was chosen as 

37% (the average of the empirical LGD increases measured by Miu and Ozdemir, 2006). This is the 

increase in the historical LGD (derived from the QIS5 Basel study) and it is applied to the net losses 

in order to calculate empirical asset correlations. Since Basel II specifies that the downturn LGD cal-

culation methodology should be principal-based, banks are free to use whichever downturn LGD they 

believe appropriate.  

� PD = the probability of default and in this study the average PD for the loss portfolio is used,  

� ρ = the asset correlation which has been specified by Basel II. In Basel II, different correlations have 

been determined for different types of retail exposures. Basel II specifies the following correlations 

for retail exposures: 

                                                 
24 This increased LGD compensates for the lack of correlation between PD and LGD. Basel II adopts a principles-based approach 

which requires (a) the identification of downturn conditions and the adverse dependencies between default rates and recovery 
rates and (b) the incorporation of adverse dependencies between default rates and recovery rates so as to produce LGD parame-
ters consistent with identified downturn conditions (BCBS, 2006a:103). 

25 S&P (2008:21) states that there is little consensus regarding the appropriate methods for incorporating downturn conditions in 
LGD estimates. Some banks are concerned about potential over-conservatism and take the view that default-weighted average 
LGD should be sufficiently conservative. As neither Basel II nor commonly used off-the-shelf EC models capture PD and LGD 
correlations, there is a risk that under-estimation of capital requirements can occur. S&P, however, accepts the findings from 
Miu and Ozdemir for quantifying the downturn LGD and have been using it in several S&P publications such as: (a) bench-
marking/validation of internal ratings systems, (b) GARP 2007 Recent Research in Basel (2007), (c) LGD Estimation Tools, 
Services and Data from Risk Solutions (2008) and (d) Basel II Validation Webinar: Estimation of Downturn LGD and long run 
probability of default (2008). The findings of Miu and Ozdemir (2006) are further supported by Sabatoa and Schmid (2008:10) 
who followed Miu and Ozdemir’s downturn LGD findings (also used in this study) to estimate a conservative LGD. 
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i. Residential Mortgages: %15=ρ  

ii. Qualifying Revolving exposures: %4=ρ  

iii.  For Other Retail exposures a similar methodology is used as used for corporate, bank and 

sovereign exposures where the supervisory asset correlations were derived by the analysis 

of data sets from G10 supervisors. Based on both empirical evidence and intuition the 

analysis revealed two important systematic dependencies. Firstly, asset correlations 

decrease with increasing PDs and secondly, asset correlations increase with firm size. 

Therefore, the asset correlation function used by Basel II considers both these 

dependencies.  

The asset correlation function comprises of two limit correlations of 3% for very high 

(100%) and 16% for very low (0%) PDs. Correlations between these supervisory limits 

are modelled by an exponential weighting function that represents the dependency on PD. 

The rate at which the stated exponential function decreases is determined by the “k-

factor” (k) (BCBS, 2006a:77).  
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Where: k = 35 for these loan types  

A final retail exposure, not covered by the Other Retail classification is High Volatility 

Commercial Real Estate (HVCRE). The correlation for HVCRE loans is calculated by 

using the same method as in other retail, however, with different limit correlations and a 

higher k-factor. 
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 (3.7)
 

Where: 

k = 50 for these loan types  

The fixed correlations prescribed by Basel II (and discussed above) are compared with empirical correla-

tions derived from US Federal Reserve retail loss data. The empirical results are compared with the Basel 

II asset correlations (stated above) to ascertain whether they agree with the empirical evidence. The Basel 

II capital charges are calculated using both the Basel II prescribed asset correlations as well as the empiri-

cally derived asset correlations, from the results obtained from this comparison, the fairness of the Basel 

II capital charge is evaluated. This is useful in the calculation of bank's economic capital. 

Having introduced the mathematics of the ASRF approach, the fitting of a suitable distribution to the em-

pirical loss data is the next step in the process of determining the empirical asset correlation. This is ex-

plored in the next section. 
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3.4.2 Distribution fitting  

In the previous section the mathematics of the ASRF approach was introduced. This section explains the 

fitting of a suitable distribution to the empirical loss data which is a crucial step in the process to deter-

mine the empirical asset correlation from empirical, retail loss data (discussed later in this chapter). From 

this distribution, the average loss and 99.9th percentile loss can be evaluated (and hence the UL from UL 

= Total losses – EL).  

To select the relevant distribution, this study followed a robust statistical approach to determine the best 

statistical fit for empirical loss data. The analysis indicates that the Beta distribution provided the best fit 

and was therefore selected as the preferred distribution for this analysis (see Appendix I for the statistical 

analysis results).  

Using the Beta distribution is also in line with the views of Tasche (2008:4) who found that when fitting 

different distributions to the same mean and standard deviation, the Vasicek, Kumaraswamy and Beta 

distributions do not differ considerably. The Vasicek distribution however, is not well-known and it is 

difficult to locate literature on its implementation. Vasicek distributions also require numerous inputs of 

different variables which complicates implementation. The Kumaraswamy and Beta methods are simpler, 

but the Kumaraswamy distribution has some implementation problems as moment matching for these 

distributions requires complex numerical solving of a two-dimensional optimisation problem. For Beta 

distributions, moment matching is straightforward which makes for the least complicated (yet most accu-

rate) and implementable distribution (Tasche, 2008: 4). The use of the Beta distribution is not new: it has 

also been used in the Basel II formulation of AIRB securitisation exposure calculation (BCBS, 

2006a:140). The Beta distribution is, in addition, characterised by only two parameters, α and β which are 

obtained from parameters which are easily measured, namely the mean and standard deviation of underly-

ing empirical losses. The goodness of fit of the Beta distribution to the underlying loss data was consis-

tently confirmed for all retail classes in this study. This is an important characteristic as it enables any 

bank to apply the capital calculation methodology introduced in this chapter.  

The Beta distribution was therefore chosen as the preferred distribution for estimating empirical retail 

asset correlations for this study.  

Calculating these two values from loss data, α and β may be obtained as follows (Wolfram Research, 

2009):  
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

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Where:  
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� µ = the mean gross loss, and 

� σ = the standard deviation of the gross losses.  

With α and β calculated (in Equations 3.8 and 3.9) for all the used asset types and the following probabil-

ity density function for a Beta distribution (Wolfram Research, 2009): 
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Where:  

� x = the distribution variable, and  

� Г = the standard Gamma function evaluated at the relevant parameters; 

� the total amount of losses are equal to x where P(x) equals 99.9% and 

� B(α,β) = the incomplete Beta function a generalisation of the Beta function and is defined by: 

( ) ( ) 0,      1,;
0

11 >⋅−= ∫
−− βαβα β

x

a dtttxB     (3.11) 

The empirical loss data were fitted to the Beta distribution using the parameters defined by Equations 3.8 

and 3.3 and the definitions of µ and σ  introduced above.  

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

conservative value of the systematic risk factor.  

The Net Unexpected Loss (NUL)26 is now introduced and is defined as follows: 

LossExpectedLossTotal −=NUL     (3.12) 

The NUL is illustrated in Figure 3.1 below. The NUL is used in the investigation of the empirical asset 

correlations later. In order to better understand to what the concepts NUL, EL and Total losses refer, these 

are displayed in Figure 3.1. 

 

 

 

 

 

 

                                                 
26 This chapter refers to a Net Unexpected Loss instead of an UL as the data used were net losses (and thus these losses do not 

take the LGD into account in the initial calculation). The application of the LGD is applied in the final step to determine the 
capital charge.  
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Figure 3.1: Different losses (NUL, EL and Total losses) 

 

Source: Author  

3.4.3 Extracting the empirical asset correlation from loss data 

Extracting the empirical asset correlation from loss data is the key step introduced in this chapter. Equa-

tion 3.13 is used to determine the asset correlation as defined by Basel II for the different retail asset 

types. In this crucial Basel II equation, ρ represents the asset correlation: the key unknown element to be 

determined. 
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Squaring both sides of Equation 3.14: 

( )[ ] ( ) ( )[ ] ( ) ( ) ( )[ ]21112121 999.0999.021 −−−−− +××+=−×+ NNPDNPDNPDNULN ρρρ   (3.15) 

Setting:     ( )999.01−= Nx

 
   ( )PDNy 1−=  and 

     ( )PDNULNz += −1
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Substituting into Equation 3.15: 
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This is a quadratic in ρ  with solutions:
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Where:  

22 xza +=           

xyb 2=              (3.18) 

22 zyc −=  so          

  

( ) ( )( )
( )

( ) ( )( )
( )

2

22

22222

22

22222

2

422

or      
2

422
:













+
−+−±−

=

+
−+−±−

xz

zyxzxyxy

xz

zyxzxyxy

ρ

ρ

       (3.19) 

Since the components of x, y and z are known these are then substituted into Equation 3.19 to calculate ρ 

which represents asset correlation.  

There will always be two values for ρ when solving Equation 3.19. However, only one of these values can 

be the 'correct' asset correlation value. The two possible correlations were derived from the actual Basel II 

Equation 3.14 to calculate the NUL and, having calculated both, these values were substituted into the 

Basel II equation for NUL. 

 If the NUL derived from the Basel II equation matches the NUL derived from the Beta distribution, this 

is taken as the 'correct' asset correlation value. The 'other' asset correlation value, for each of the asset 

types, resulted in unrealistically high capital charges (> 20%) which do not make economic sense in the 

Basel capital framework (Güttler and Liedtke, 2007: 3). 
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3.4.4 Using the empirical asset correlation to calculate economic capital 

The empirical asset correlation extracted from empirical loss data (as explained in the previous section) is 

used to calculate the fair level of economic capital to be held by banks. To demonstrate this calculation 

method, this study compares the asset correlation provided by the Basel II framework with the empiri-

cally extracted asset correlations. A wide range of retail portfolios was used in this chapter to demonstrate 

the difference between Basel II and empirical asset correlations.  

 

3.4.4.1 Data  

In order to demonstrate the calculation of economic capital derived from empirical asset correlation, his-

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

These data span some 24 years (i.e. Q1 1985 to Q12009) and were compiled from the quarterly Federal 

Financial Institutions Examination Council Consolidated Reports of Condition and Income (data for each 

calendar quarter become available approximately 60 days after quarter end). The data span the turbulent 

early and late 90s, the benign credit conditions which characterised the 2003 – 2008 period as well as the 

recent downturn in the credit environment leading to the 'credit crunch' which began in mid 2007 (which 

became known as the Financial or Credit crisis in 2008) and has yet to run its course. Charge-offs (the 

values of loans and leases removed from the books and charged against loss reserves) from the 100 larg-

est US banks are measured by consolidated foreign and domestic assets. The US Federal Reserve uses 

annualised charge-off rates, net of recoveries and outstanding as of quarter-end. The charge-off rates are 

calculated from data available in the Report of Condition and Income (Call Report), filed each quarter by 

all commercial banks. Charge-off rates for any category of loan are defined as the flow of a bank's net 

charge-offs (gross charge-offs – recoveries) during a quarter divided by the average level of its loans out-

standing over that quarter. These ratios are multiplied by 400 to express them as annual percentage rates 

(FED, 2009). 

From these data the empirical asset correlation is extracted and then compared with the asset correlation 

prescribed by Basel II. The different asset correlations are then applied to the Basel II prescribed capital 

calculation equations to ascertain the fair level of economic capital. This study acknowledges that the re-

sult of the specific set of loss data does not necessarily reflect the accuracy of Basel II’s prescribed asset 

correlation; however, the methodology can be applied to any set of retail loss data to extract the empirical 

asset correlation for use in economic capital calculations.  

In comparing the Basel II and empirical asset correlations, this section investigates whether any differ-

ences between Basel II prescribed asset correlations and empirically observed asset correlations exist.  

Data for eight different asset types were available with at least one asset type in each of the four Basel II 

categories for retail credit exposures namely: residential mortgages, qualifying revolving, high volatility 

commercial real estate and other retail exposures. The different asset types used are summarised in Table 

3.1 below. 
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Table 3.1: Asset types for which loss data were available and corresponding Basel II classification 

Asset type Basel II classification 

Single family residential mortgages Residential Mortgages 

Credit card loans Qualifying Revolving exposures 

Commercial real estate loans High Volatility Commercial Real Estate 

Business loans 

Lease financing receivables 

Loans secured by real estate 

Consumer loans 

Other consumer loans 

Other retail exposures 

Source: Author 

US data were used as they were the only available, reliable data for such a long period for all the individ-

ual asset types. Furthermore, the current credit crisis (2009) originated in the US credit retail market and 

therefore these are the most relevant data to explore.27 

As mentioned in Section 3.4.2, the Beta distribution is suitable for the purposes of this study as it has 

been acclaimed by practitioners such as Tasche (2008:4) as well as the BCBS (2006a:140) and also 

proven by this study. These theoretical reviews of Beta distributions were statistically tested (see Appen-

dix I) and it was found to be statistically ranked the overall best fit using the Kolmogorov-Smirnov, 

Anderson-Darling and Chi-Squared tests. A summary of these fitting results per individual asset type are 

provided in Table 3.2 (a to h). Also, see Appendix II for the Beta fitting graphs, illustrating the cumula-

tive probability distribution (CDF) function and probability density function (PDF).28 

 

 

 

 

 

 

 

                                                 
27 Although the US will only fully implement Basel II in 2010, this does not prevent applying the ideas of this chapter to these 

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

continuous random variable, the probability density function is represented by a curve in such a way that the area under the 
curve between two numbers is the probability that the random variable is between those numbers. The CDF evaluated at a 
number x, describes the probability that a variable takes on a value less than or equal to x (Brown, 2005). 

 



 

 63 

Table 3.2 (a-h): Goodness of fitting results for each of individual asset types for which loss data were 

available 

  a) Single family residential mortgages               

  Fitting Results   

  Rank Distribution Parameters   

  a1=0.16403 a2=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   

  Kolmogorov Anderson Chi-Squared   

  
Rank 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   

  Rank Distribution Parameters   

  a1=6.5315 a2=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   

  Kolmogorov Anderson Chi-Squared   

  
Rank 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   

  c) Commercial real estate               

  Fitting Results   

  Rank Distribution Parameters   

  a1=0.28827 a2=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   

  Kolmogorov Anderson Chi-Squared   

  
Rank 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   

  Rank Distribution Parameters   

  a1=0.99801 a2=1.9721   

  
1 Beta 

a=0.23 b=4.8464   

  g=0.53685 d=0.86597   

  
2 Johnson SB 

l=4.9533 x=-0.09346   

  3 Dagum k=0.14322 a=8.1713 b=3.2594   

  Summary   

  Kolmogorov Anderson Chi-Squared   

  
Rank 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 2 9.6924 4   

  3 Dagum 0.10292 8 1.3568 4 7.7197 2   

  e) Lease financing receivables               

  Fitting Results   

  Rank Distribution Parameters   

  a1=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   

  Summary   

  Kolmogorov Anderson Chi-Squared   

  
Rank Distribution 

Statistic Rank Statistic Rank Statistic Rank   

  1 Beta 0.06212 3 0.46397 1 6.3747 2   

  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               

  Fitting Results   

  Rank Distribution Parameters   
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  a1=3.8069 a2=3.1948E+6   

  
1 Beta 

a=0.88405 b=1.2140E+6   

  2 Inv. Gaussian l=22.646 m=2.3299   

  3 Fatigue Life (3P) a=0.37679 b=1.8203 g=0.38041   

  Summary   

  Kolmogorov Anderson Chi-Squared   

  
Rank 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   

  Rank Distribution Parameters   

  a1=2.4593 a2=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   

  Kolmogorov Anderson Chi-Squared   

  
Rank 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 introduced above, the discussion about comparing the Basel 

II and empirical correlations follows in the next section. 

 

3.4.4.2 Comparing Basel and Empirical correlations  

Modelling and estimating retail asset correlation remains a daunting challenge and a 
debatable issue. The best method has not yet been determined by consensus (Lando and 

Nielsen, 2008:2).  

In the previous section, the data used in the process of calculating the empirical asset correlation were 

discussed. The empirical retail asset correlation results for the different asset classes (derived from the 

data in the previous section) are discussed in this section. The impact of the different, calculated asset 

correlation values on regulatory capital is also investigated.  
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By using loss data it was possible to calculate the empirical asset correlation values for each of the eight 

asset classes and compare these with those prescribed by Basel II. Statistical analysis was used to com-

pare the difference in asset correlations. The empirical asset correlation is significantly different from the 

Basel II specified correlation. These differences are significant at the 5% and 1% levels. These statistical 

findings are summarised in Table 3.3 below. 

Table 3.3: Summarising the statistical differences between Basel II and empirical correlations 

                      

  Significance level 1% 5%               

  t-stat -2.58 -1.96               
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  Observations 79 93 79 93 93 93 93 93   

  
Calculated correla-
tion 

4.29% 1.38% 19.18% 4.64% 3.53% 6.95% 1.38% 1.43%   

  
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 shown in Table 3.4 and Figure 3.3 below. These empirical re-

sults clearly indicate that the fixed correlation values specified by Basel are considerably higher than 

those experienced in the market. On average, the Basel retail asset correlation, for the period of 1985 to 

2008, was on average, 3.2 times larger than those derived empirically (i.e. actually experienced) by banks.  
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Table 3.4: Summarising the Basel II and empirical correlations 

1985-2008 Basel II correlation 
Empirical  
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% 1.1 

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 Federal Reserve loan loss data and are thus only representa-

tive of US retail loans since 1985. The methodology that was used to extract these empirical correlations 

is applicable to any data set of loan losses.  

Even though the results derived from these data do not imply that Basel II correlations are consistently 

higher (see Figure 3.2 below) than empirically extracted asset correlations, the fact that for these data, 

Basel II’s asset correlations were consistently higher (on average 3.2 times more) indicates that this is an 

important deviation and a factor that requires further investigation.  

Figure 3.2: Basel II vs. Empirically extracted correlations - vertical axis=asset correlation; 

horizontal axis= retail asset class  
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Under the AIRB approach, Basel II allows banks to calculate inputs to the provided equation for capital 

calculation. However, two factors are implicitly given by the Basel formula, the confidence interval of 

99.9% and asset correlation (Altman & Sabato, 2005:22).  

Leighton (2006) asserted that the asset correlation is a critical factor and the biggest single driving factor 

of Basel II. In addition some academics and risk managers claim that Basel II correlations are overly con-

servative and could lead to higher capital charges (Gore, 2006). However, in the light of ongoing (2009) 

credit crisis (elaborated upon in Chapter 4) some participants in the global financial sector raised concerns 

about the levels of capital required by Basel II and requested a more conservative approach (Griffin, 

2008), indeed, Basel II has even been criticised for causing the credit crisis (as the average level of capital 

required by the new discipline is inadequate and this is one of the reasons of the recent collapse of many 

banks (Cannata & Quagliariello, 2009:6)). 

With this difference in opinion about the capital charge, banks can use the methodology introduced here 

to determine which of the above views apply to their unique situation. However, knowing the empirical 

level of asset correlation only does not indicate the amount of capital a bank needs to protect it against the 

risks faced by the bank. The next section therefore explores the impact of different levels of asset correla-

tions on capital requirements. 

 

3.4.4.3 Using asset correlation to calculate the capital requirement 

When using the prescribed Basel II equation in estimating the regulatory capital for credit risk, changing 

correlation assumptions has a significant impact on required capital (Wood, 2008:32). Using the method-

ology introduced in this chapter, the impact of asset correlation on capital can be empirically determined. 

By inserting the asset correlations (both Basel II specified and empirical) into the Basel II equations, the 

different capital charges may now be calculated. Using Equation 3.13 the capital charge for retail loans 

types as indicated below.29  

 

 

 

 

 

 

 

 

 

                                                 
29 The capital charge was based on an exposure at default of US$1million for each retail asset type. 
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Table 3.5: Capital charge using Basel II vs. empirical asset correlation 

1985-2008 
Capital charge using Basel II cor-

relations 
Capital charge using empirical cor-

relations 

Average 63,588 23,207 

Single family residential 
mortgages 

23,702 39,135 

Credit card loans 105,368 39,135 

Commercial real estate loans 72,726 49,727 

Business loans 64,443 25,075 

Lease financing receivables 53,353 13,610 

Loans secured by real estate 45,423 18,371 

Consumer loans 75,781 21,597 

Other consumer loans 67,911 12,593 

Source: Author 

These differences in the capital charges indicate that asset correlation (which was the only different input 

into the results above) have a considerable impact on capital charges. For the loan loss data (discussed 

extensively in Chapter 5) used, the Basel II asset correlations were found to be extremely conservative. 

The methodology introduced above could be used as a reference for future research for the way in which 

empirical asset correlations change in severely adverse economic conditions. More importantly, any bank 

may employ this methodology to extract empirical asset correlations from their empirical loss data. The 

empirical asset correlations can then be applied to the Basel II equations to calculate the fair level of eco-

nomic capital to be held by banks. 

The methodology to be applied by banks is discussed in the next section. 

 

3.5  Application of the methodology 

The previous sections of this chapter explained the Basel II requirements for calculating regulatory capital 

which refers to the minimum capital required by the regulator to maintain an adequate level of liquidity 

based on the bank’s credit exposures.  

More importantly, this chapter introduced a methodology to extract empirical asset correlations from em-

pirical loss data which may be applied to the Basel II equations to calculate the fair level of economic 

capital to be held by banks. As stated in Chapter 1, economic capital can be defined as the amount of 

capital a bank needs to cover losses arising from the unique risk exposure at a specific confidence level. 

This capital requirement is calculated based on the bank’s own dynamic, internal measures, not pre-

scribed by any external parties (Smithson, 2008). By definition, the determination of economic capital is 
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proprietary: banks are understandably unwilling to share processes, procedures and methodologies that 

may provide them with a competitive edge. In order for banks obtain such a competitive edge, the intro-

duced methodology can be applied to their own empirical loss data which will enable them to calculate a 

fair level of economic capital. Applying the methodology introduced in the sections above is summarised 

as a 12 step process which may be employed by banks to calculate their own economic capital for retail 

asset types. 

Step 1: Understand the rules 

Banks need to determine the exact local and global requirements. Local regulators use national discre-

tionary rules in addition to Basel II and banks need to know precisely what these discretionary rules are. 

Banks also need to remain up to date with global requirements as Basel II may change requirements (such 

as asset correlations) at any time, depending on industry response and whether economic conditions re-

quire it to do so. Banks should therefore always examine the most updated version of Basel II for asset 

correlation requirements.  

Step 2: Determine capital charges for each loan type 

Determine the individual capital charge for each loan type using the correlations specified by Basel II (us-

ing Equation 3.13). This step involves simply calculating the regulatory capital charge as prescribed by 

Basel II. This value will later be used to compare with the empirically extracted asset correlation. 

Step 3: Gather data 

Obtain loan loss data for each category of loan type. This study employed historical net loss empirical 

data measured on a quarterly basis.  

Step 4: Calculate the mean and standard deviation of loan loss data  

The mean (µ) and standard deviation (σ) of loan losses using standard statistical techniques should be 

determined. 

Step 5: Calculate Alpha (α) and Beta (β)  

The only inputs required for calculating α (Equation 3.8) and β (Equation 3.9) are µ and σ which are eas-

ily obtainable from loss data.  

Step 6: Generate the Beta distribution 

A Beta distribution for the loan loss data is then generated. The Beta distribution is easy to apply and ef-

fective for this analysis. 

Step 7: Calculate the loan loss value at the correct confidence interval 

The inverse Beta function (BETAINV in Microsoft Excel) allows the user to estimate a value at which 

0.1% of loan losses exceed this value (in other words, at which point 99.9% of loan losses are less than 

this value) – this is the total loss at 99.9% confidence interval. 
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Step 8: Calculate the Expected Loss (EL) 

The average PD is the expected loss. Knowing µ (i.e. average PD) from Step 4, this is the EL. 

Step 9: Calculate the Net Unexpected loss (NUL) 

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

subtracted from the value obtained in Step 7).  

Step10: Calculate the empirical correlation (ρ) 

Apply the NUL and Equations 3.16, 3.17 and 3.18 into Equation 3.18 and calculate ρ. This is the empiri-

cally extracted asset correlation. 

Step 11: Using ρ to calculate the fair level of economic capital 

Use ρ extracted in Step 10 to determine the fair levels of capital to be held for each retail loan class. In 

this step, the empirical ρ (from Step 10) is simply applied to the prescribed Basel II (Equation 3.13) in-

stead of Basel II prescribed correlations used in Step 2. The values obtained in this step can therefore be 

seen as the fair levels of economic capital to be held by banks. 

Step 12: Using different capital charges. 

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

scribed by Basel II is too punitive or too lenient for the bank analysed. 

This methodology represents the main contribution of this chapter as it is a new application that banks 

may apply not only extract empirical asset correlations from their loss data, but more importantly to cal-

culate the fair level of economic capital that should be held to protect them against the credit risk faced in 

different retail asset classes. 

 

3.6  Conclusion 

The primary purpose of this study is to introduce calculation methodologies which will allow all banks to 

empirically determine their own unique parameters from their own loss experiences. Knowing these em-

pirical values will allow banks to ascertain whether or not the BCBS-specified fixed parameters ensure 

that capital requirements are indeed in line with their own experiences. Banks applying the methodologies 

introduced in this study is able to calculate fair levels of economic capital which is sufficient to cover 

losses arising from specifically credit and market risks faced by banks.  

If banks find that the fixed BCBS parameters are too lenient, they can choose to raise levels of economic 

capital reserves appropriately. However, if these parameters are or too onerous, banks can judge for them-

selves whether or not current economic conditions warrant such severe levels of capital. In either case, 

banks using the suggested methodologies is able to establish their unique, empirical capital requirements 
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without blind acceptance of obscured parameters in the capital calculations of Basel II. This chapter in-

troduced a calculation methodology specifically for credit risk and more specifically for capital calcula-

tion under the AIRB approach (in which banks may decide on and use all their own parameters, but must 

still use BCBS specified capital formulas).  

When modelling the risks to which banks are exposed there are numerous different scientific elements 

that should be considered and investigated in order to model the risks effectively (Currie, 2004:9). Asset 

correlation was the scientific credit risk element explored in this chapter. 

This chapter comprised three main sections. The first section presented a literature study which covered 

the relevant credit risk definitions and concepts and focused specifically on the capital calculation frame-

work prescribed by Basel II. As this chapter investigated asset correlations and their impact on credit risk 

capital charges, a thorough description of this topic was required in order to contextualise the subject and 

draw accurate conclusions on this topic. 

Section 2 used the literature discussed in Section 1 and introduced a methodology for extracting empirical 

asset correlations using empirical data. Retail credit loss data for the last 22 years, sourced directly from 

US banks, was used in this chapter. Retail credit was specifically investigated as this loan type has not 

received as much attention from industry and regulatory resources as (e.g.) corporate lending. The data 

were then employed in the calculation methods prescribed by Basel II (introduced in Section 1) to also 

calculate the capital charge for credit risk. 

In Section 3, the methodology introduced in Section 2 was summarised into an application section which 

may be employed by banks to extract the empirical asset correlation from a set of empirical retail loss 

data. Banks can use these derived asset correlations to calculate fair levels of economic capital (using the 

Basel II equations for credit risk). Section 3 also presented a summary of the results which indicated that 

the required regulatory capital is roughly three times higher than estimated economic capital, reflecting a 

high – perhaps even punitive – measure of conservatism imposed by Basel II. This finding is, however, 

reflective of the specific data used and results will vary with each different set of data. A comprehensive 

discussion about the results obtained from the set of US loan loss data follows in Chapter 5.  

With a calculation methodology introduced for credit risk in this chapter, the next chapter extends the 

investigation beyond credit risk (dominant in the banking book) and into market risk (prevalent in the 

trading book). Chapter 4 introduces a calculation methodology which, similar to the methodology intro-

duced in this chapter, can be applied by any bank; however, while this chapter provided a methodology to 

determine empirical asset correlation, Chapter 4 provides a methodology that will enable banks to deter-

mine the empirical holding period for credit instruments in the trading book. The empirical holding pe-

riod may then be employed to calculate a fair level of capital to be held for the trading book, based on the 

bank’s own unique trading book exposures. 
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Chapter 4 

Fair trading book capital using empirical unwind periods 

Banks’ failure to align Incremental Default Risk guidelines with existing market 
risk capital rules could have a detrimental effect (Benyon, 2007). 

 

4.1 Introduction 

The main purpose of this study is to introduce methodologies which can be used to empirically estimate 

some of the fixed – yet unclear – variables present in Basel II's equations. The methodologies derived 

could allow banks to empirically determine their own unique parameters from their own unique loss ex-

periences. The empirically-calculated values will allow banks to determine whether or not the BCBS-

specified fixed parameters ensure that capital requirements are indeed correct. The methodologies intro-

duced in this chapter may be employed by banks, irrespective of their size and complexity, to determine a 

fair level of economic capital specifically for the trading book (traditionally dominated by market risk).  

Banks use economic capital for risk-based pricing (e.g. for credit securities in their trading book). At 

many banks, the price includes the cost of the economic capital required (Dvorak, 2005:14). If the capital 

charge prescribed by Basel II is too lenient, banks can increase economic capital reserves appropriately 

and if it is too onerous, banks can judge for themselves whether or not prevailing economic conditions 

warrant such capital requirement severity. In either case, banks using the suggested methodologies is able 

to establish precisely their unique, empirical capital requirements without blind acceptance of obscured 

parameters in the capital calculations of Basel II. Even though the regulatory capital cannot be altered, 

banks can and do use economic capital in decision making. 

Using actual loan loss data (Chapter 3), regulatory credit risk capital has been shown to be approximately 

three times higher than empirical economic credit risk capital reflecting a high – perhaps even punitive – 

measure of conservatism imposed by Basel II. This finding is, however, reflective of the specific dataset 

used and results will vary with different data. This chapter extends the investigation beyond credit risk 

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

The investigation into – and modelling of – bank risks through empirical loss data embraces many 'scien-

tific elements' (Currie, 2004:9). In the previous chapter, asset correlation was explored as the scientific 

element of credit risk models. This chapter investigates incremental default risk (IDR) which represents 

the credit risk present in the trading book. More specifically, the scientific element in this chapter is the 

length of time required to unwind a financial position (the 'holding period') without materially affecting 

underlying asset prices. This is one of the very few components of contemporary risk models which may 

be altered subject at the practitioner's whim. Most other constituents are calculated and hence manipula-

tion of their values is more difficult. Estimating accurate, empirical holding periods allows economic 
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capital for market risk to be fairly allocated in contrast to regulatory capital which imposes fixed holding 

periods for different loan classes. 

This chapter introduces a calculation methodology, which may be applied by any bank, to determine the 

empirical holding period for credit-risky instruments in the trading book. The empirical holding period 

may then be employed to calculate a fair level of capital to be held for the trading book, based on the 

bank’s own unique trading book exposures. 

 

4.2 Chapter layout 

This chapter comprises three main sections. A literature study (which covers all the relevant trading book 

concepts and developments) is first presented. This section also introduces and discusses credit risk em-

bedded in the trading book, a relatively new development in the Basel framework. A thorough description 

about this topic is required to make a proper analysis and develop an accurate methodology for capital 

calculations. 

The next section introduces the background mathematics regarding the methodology as well as an explo-

ration of the required parameters. This section also applies the mathematics to a specific set of vanilla 

bond30 data. The properties of the underlying data are described in detail as well as the modelling proce-

dures and evidence for the assumptions used in the calculations.  

Section 3 summarises the methodology introduced in Section 2 and presents a step by step application 

process which can be used by any bank to calculate its own empirical holding period for trading book 

credit exposures (based on empirical data). This empirical holding period for credit risky instruments in 

the trading book is an important value as it could be of strategic interest to banks who wish to determine 

fair levels of economic capital for market risk. 

 

4.3 Literature study 

This literature study covers a wide variety of concepts, definitions and developments needed to compre-

hend the methodology presented in this chapter. This section first establishes the definition of market risk 

within the context of Basel II and then provides a brief history of this risk type from its origin in 1993 to 

contemporary analytical techniques which are now used to describe and measure it. Since market risk was 

introduced 1993, the BCBS has made a distinction between trading and banking book activities and has 

required banks to hold different regulatory capital for these books (BCBS, 1993:5). This, as well a brief 

history of market risk, is discussed in this chapter.  

As this chapter essentially investigates fair levels economic capital for market risk, the concepts of capital 

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

                                                 
30 The reason vanilla bonds were chosen as the "credit risky instruments" in this study was their simplicity.  
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(VaR) – the most important (and by far the most widely used) measure of market risk (Hartz et al, 

2006:2295). 

This section also covers other important concepts needed to understand and implement methodology in-

troduced in this chapter. These concepts include, the Specific Risk Charge, calculating the market risk 

charge under Basel II, regulatory criteria for good and bad models as well as the different approaches 

(from Basel I to II) for calculating credit risk in the trading book. 

As there have been several developments which impact the regulatory capital charge for market risk since 

the onset of the credit crunch (which began in 2007), this literature study also discusses credit risk in the 

trading book before the credit crisis (also referred to as the 'credit crunch' in this study) as well as the 

credit crunch itself. This is important as the crisis has had considerable impact on the BCBS’s proposed 

capital calculation methods. As a direct result of the credit crunch, the BCBS introduced the Incremental 

Default Risk (IDR) as part of a proposed Basel II amendment in November 2008. Industry responses to 

this concept as well as the potential consequences of regulatory changes it will incur is discussed in this 

chapter. IDR is a critical concept that must be understood in order to follow the methodology to of esti-

mating the empirical holding period, which allows fair, empirical allocation of economic capital for the 

trading book. 

 

4.4 Definition of market risk 

Interrelated economic and political events drive price movements of all securities, including interest rates, 

exchange rates, commodities and share prices on a daily basis. The IMF (2004:169) defines market risk as 

the risk of potential losses on financial instruments which arise from these movements in market prices. 

Variations in value have an effect on the income and capital of individuals and institutions that take posi-

tions in these financial instruments. The BCBS (2005a:1) defines market risk as the risk of losses in on 

and off-balance sheet positions arising from movements in market prices. This includes all risks exposed 

to interest rate related instruments and equities in bank trading books (which is defined in the next sec-

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

Market risk has a direct effect on capital and return and has thus always been a primary concern for finan-

cial market participants (Van de Venter, 2000:2). Regulators also have a particular interest in this risk 

type which is an important element in the overall financial health of the banks they regulate. Market par-

ticipants’ exposure to market risk is rooted in the probability of an unfavourable movement in the price of 

an underlying asset. The fundamental measurement technique for this risk type is therefore is based on the 

volatility of the underlying asset’s price. Being the essence behind trading in financial assets, volatility is 

the most basic statistical risk measure for traded assets as it measures the relative price changes (i.e. the 

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

Measuring the price stability is, however, a complicated activity. The first element of complexity lies in 

the fact that risk – which drives instability – is determined by infinite possibilities of random events in the 
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world. It is therefore impossible to measure it as single number with no uncertainty. To answer the ques-

tion 'what is the maximal loss that can be suffered over a specific time horizon?' the only honest and accu-

rate answer is that 'everything can be lost' (Wiener, 1997:4). However, as the probability of losing every-

thing is very small, the 'very small' must be quantified as accurately as possible. The market risk exposure 

of a traded asset is derived directly from its volatility, so risk managers have the challenge of estimating 

volatility and therefore attempt to accurately calculate market risk exposure. The most popular and widely 

accepted technique to estimate market risk is Value at Risk (VaR) (Van de Venter, 2000:2) and one of 

VaR's key inputs is the volatility of the underlying portfolio.31 A detailed discussion of VaR follows later 

in this literature study. The next section introduces the history of market risk and then distinguishes be-

tween the banking and trading books. 

 

4.4.1 A brief history of market risk 

In April 1993, the BCBS released a document which dealt explicitly with the regulatory treatment of 

market risks (BCBS, 1995:1). This was issued for comment by financial participants in the market and 

was an important improvement on the 1988 Basel Capital Adequacy Accord, which focussed primarily on 

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

The document formed a regulatory backbone which sets out the original framework requiring banks to set 

aside capital for the market risks to which they were exposed. The use of a standardised methodology for 

market risk management was investigated and served as a foundation for applying capital charges to a 

bank’s open market positions. In the industry responses that followed, some concerns (which the BCBS 

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

� did not recognise the most accurate risk measurement methodology and hence did not offer ade-

quate incentives to improve market risk management models and  

� did not sufficiently incentivise risk diversification as the correlations and portfolio effects across 

markets and instruments were largely ignored. 

In addition, the proposals were too difficult to implement as they did not seem to be compatible with 

banks' internal measurement systems and that their own risk management methodologies calculated more 

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

To address these problems, the Group of Thirty32 supported and promoted an approach to measuring mar-

ket risk in a study called: 'Derivatives: Practices and Principles' in July 1993. This approach was the pre-

                                                 
31 VaR may be calculated using one of three different methods: the Variance-Covariance, Monte Carlo and Historical techniques. 

The historical method does not employ any assumptions regarding the volatility of the underlying portfolio constituents but the 
Variance-Covariance and Monte Carlo methods do. 

32 Established in 1978, the Group of Thirty is a private, non-profit, international body composed of senior representatives of the 
private and public sectors and academia. It aims to deepen understanding of international economic and financial issues, to ex-
plore the international repercussions of decisions taken in the public and private sectors, and to examine the choices available to 
market practitioners and policymakers. 
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cursor to modern VaR approaches.33 During this prominent year for market risk, the European Union fur-

ther strengthened the thoughts about market risk by instructing the setting of capital reserves to balance 

market risks in the Capital Adequacy Directive 'EEC 6-93' (Khindanova & Rachev, 1999:2). A more 

modern VaR description was developed by JP Morgan in the early 1990s to assess portfolio risk (JP Mor-

gan/Reuters, 1996: iii). The VaR methodology was then introduced beyond Wall Street during October 

1994 after its creators started to circulate specific VaR calculations on the internet. The JP Morgan meth-

odology, known as RiskMetrics, evolved into the foremost standard for the international VaR description 

and measurement. 

Due to the efficiency and wide industry acceptance of the VaR methodology, the BIS advised the disclo-

sure of VaR numbers in a discussion paper on public disclosure of market and credit risks by financial 

intermediaries (also known as the Fisher report) in 1994. Discussions and new initiatives which were fo-

cussed on internal risk management became very prominent in market risk discussions and was one of the 

key drivers behind the Supervisory Treatment of Market Risks issued jointly by the BCBS and the IO-

SCO34 Technical Committee in May 1995 (BCBS, 1995:1). This proposal by the BCBS asserted that 

banks could use their own internal models in VaR calculations to determine capital requirements (Ito et 

al, 1996:142). 

This internal models-based approach, proposed by the BCBS, was not aimed at providing  banks absolute 

discretionary freehold on VaR calculations (and hence capital requirements). Internal models for VaR 

calculations were to be based on a series of quantitative and qualitative standards set by the BCBS. The 

quantitative standards refer to a number of general risk measurement parameters to be used for internal 

modelling. A simplified rule for converting models-based exposure calculations into regulatory capital is 

also included in these standards. Qualitative standards were designed with the purpose of ensuring integ-

rity and accuracy in banks’ modelling process (BCBS, 1995:2).  

Market risk was formally taken to a level of increased importance in January 1996 when the BCBS 

amended the 1988 Basel framework to include market risk. This new framework called the Amendment to 

the Capital Accord to incorporate market risk stipulated two approaches to calculate regulatory capital 

for market risks: the standardised and the internal models approach (BCBS, 2005a:3). However, before 

discussing these two approaches (and further developments of market risk), the concepts of the 'banking 

book' and the 'trading book' are introduced as the distinction between the two is very important for this 

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

 

 

                                                 
33 VaR is the measure of potential change in value of a portfolio of financial instruments with a given probability over a specific 

time horizon. VaR answers the question: how much can be lost with x % probability over a given time horizon (JP Morgan, 
1996:6). 

34The Technical Committee of IOSCO is a committee of the supervisory authorities for securities firms in major industrialised 
countries. It consists of senior representatives of the securities regulators from Australia, Canada, France, Germany, Hong 
Kong, Italy, Japan, Mexico, Netherlands, Spain, Sweden, Switzerland, United Kingdom, and the United States (BCBS, 1995:1). 
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4.4.2 The banking and trading books 

With the introduction of Basel I, banks began to increase proprietary trading considerably. This means 

that banks began to trade much more for their own account as they were not subjected to a capital charge. 

This resulted in the BCBS amending Basel I, resulting in the 1996 amendments. The amendments divided 

bank assets into two parts, the trading and the banking book (Jorion, 2007:60). As banks which comply 

with Basel II allocate risk positions to either the 'banking book' or the 'trading book', a distinction between 

the two needs to be established. 

The trading book contains positions that are marked-to-market and actively hedged, giving it a more mar-

ket risk flavour as they would mostly not be held for an extensive period of time, but intentionally for 

short-term resale (BCBS, 2004:150). Hedge positions refer to positions that offset the component risk 

elements of other trading book positions. Positions on the trading book should therefore be highly liquid 

as these positions have to be easy to sell or readily hedged. Basel II also specified the following basic re-

quirements for positions or instruments to qualify for receiving trading book capital treatment (BCBS, 

2004:150):  

i. a transparent and documented trading strategy, approved by senior management must be available 

ii. a bank must have well-defined policies and procedures designed to actively manage positions in 

the trading book. These policies and procedures should include the following six important func-

tions:  

� positions should be managed on a trading desk, 

� position limits should be determined and monitored for appropriateness, 

� traders should have the right to manage positions within specified limits and according to the 

approved strategy, 

� all positions should be marked to market on a daily basis. In addition, when marked to model 

(assets priced according to a market model as some securities such as Over the Counter 

(OTC) options may not be liquid) the parameters should be assessed daily. An OTC refers to 

the trading of instruments not listed on any formal exchange and as transactions are indi-

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

� positions should also be reported to senior management as part of the institution’s risk man-

agement process, 

� positions should be actively monitored according to market information sources. This in-

cludes the assessment of quality and availability of market inputs to the following: the valua-

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

iii.  well defined policies and procedures should be in place to ensure that the positions in the trading 

book are monitored against the banks pre-defined trading 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 other remaining instruments held by the bank of which loans 

are the largest. Subject to accrual accounting, the banking book more formally refers to positions that 

could be considered to have the same characteristics as the traditional loan portfolio where assets are 

normally held to maturity. Capital requirements are therefore associated with longer holding periods. 

From a regulatory perspective, commercial banks holds more capital for assets in the banking book while 

securities firms hold more capital for trading book assets (Nazareth, 2007).  

The next section explores the two approaches to calculate regulatory capital for market risks namely the 

Standardised and the Internal Models approach.  

 

4.4.3 Market risk capital requirements methods  

With market risk becoming increasingly relevant to market participants the BCBS gave bank two differ-

ent approaches in the 1996 amendments. Banks could calculate market risk by using two approved meth-

ods namely the Standardised Model (SM) or the Internal Models Approach (IMA) (BCBS, 2005a:3).  

The fundamental difference between these two approaches is that the SM uses a risk bucketing approach 

to measure general risk and ignores specific risk due to the simplicity of the approach while the IMA al-

lows banks to recognise the effects of correlation across and within risk factors to be taken into account. 

The IMA also allows the measurement of specific risk for equity and interest rate positions.  

 

4.4.3.1 Standardised method 

The SM was originally proposed in April 1993 and is based on a pre-specified, standardised building-

block approach (Ho et al, 2004:602). The level of market risk in the bank is determined by the exposure 

to interest rate risk, exchange rate risk, equity risk and commodity risk. This is calculated by using spe-

cific guidelines for each type of exposure. Regulatory capital for market risk is determined by a summa-

tion of risk charges across the four categories mentioned above (Jorion, 2007:60). 

The SM, however, received the following three important industry criticisms:  

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

enough incentive for banks to improve their risk management systems, 

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

tions and portfolio effects across instruments and markets and 

iii.  banks had difficulties combining this method with their own measurement systems (Gibbons, 

2007:2). 

As a result, the BCBS developed an alternative option for calculating the capital charge for market risk. 

This method, the IMA, was introduced in April 1995 (BCBS, 1995:1). 
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4.4.3.2 Internal models approach (IMA) 

The IMA was a major extension to the original standardised approach as this gave banks the opportunity 

to use their own risk measurement models to determine the capital charge for market risk. The BCBS ac-

knowledged that several banks had developed risk complex management systems. In many banks these 

internal risk models were far more sophisticated than were prescribed by regulators. Furthermore, the 

IMA also served as a motivation for banks not to lag behind other institutions and to create more sound 

risk management systems (Gallati, 2003:97).  

The methodology for estimating the empirical holding period introduced in this chapter is based on the 

IMA. This chapter investigates fair levels economic capital for the trading book so the principles of the 

market risk capital requirements were necessarily investigated.  

With the IMA introduced above, a theoretical overview of Value at Risk (VaR), which is used in the IMA 

approach and is also the most important measure of market risk, is presented next (Hartz et al, 

2006:2295). 

 

4.4.4 The VaR approach  

As one of the core responsibilities of financial institutions is evaluating the exposure to market risks, a 

frequently-used methodology for market risks calculations is VaR. (Khindanova & Rachev, 1999:2 216) 

VaR is a concept designed by the financial industry itself and is relatively simple with the foremost ad-

vantage that has become a generally accepted standard for market risk measurement (Wiener, 1997:7). 

Both the industry and regulators agree that VaR should be applied as the principal risk management tool 

which contributes to unity in the financial world as it enables market participants to compare the risk be-

tween different portfolios and institutions. The two most important characteristics for a successful VaR 

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

A general assumption in VaR estimates is that relative market movements are normally distributed. For a 

distribution of losses with mean µ and standard deviation σ, at a confidence interval of 99%, there is a 1% 

chance that losses is greater than 2.32σ from µ (Marrison, 2002:98). Assuming this normal distribution, 

99% VaR may be defined as: σµ 2.32VaR −=  

Where: 

� σ = the standard deviation of the portfolio’s returns and  

� µ is the mean return. 

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

 
 

Source: Bakshi (2004:98)  

Banks only consider the movement towards the left of the probability in VaR calculations (i.e. losses). 

VaR is the value that represents the potential change in a portfolio’s future value. This is based on several 

components the most important of which are:  

i. the portfolio volatility – usually measured by the standard deviation,  

ii. the time horizon over which the portfolio’s change in value is calculated and  

iii.  the 'degree of confidence' chosen by the risk manager.  

The most important motivation for preferring the use of standard deviations is the compelling evidence 

that the volatility of financial returns is predictable, hence making it possible to forecast future values 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 risks in their internal model, the BCBS does not prescribe and 

specific model. The VaR measurement has, however, become crucial, as Basel II provides banks more 

than one option for calculating VaR (Gatti et al, 2007:1). There are three widely accepted methods to es-

timate VaR (BCBS, 2005a:40) namely the: 

i. historical simulation  

ii. Monte Carlo simulation and 

iii.  variance-covariance. 

Although the VaR concept is relatively straightforward, its implementation is not simple in practice. The 

primary reason for its complexity is rooted in the choice of the most suitable, efficient and accurate 

method (Coronado, 2000:2). Each method has pros and cons which need to be considered carefully. The 

three methods employ the same underlying idea which is based on assumptions that the behaviour of the 

Losses Profit 
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financial market in the recent past serves as a good indicator of what will happen in the nearby future. All 

three methods apply the same classic statistical techniques of percentiles estimation, which underwent a 

'renaissance' since being used in the context of the VaR at the end of the 1990s (Coronado, 2000:2). 

The most prominent difference between the specified methods lies in the assumption of normality of asset 

returns. The two simulation methods (Monte Carlo and Historical) can be calculated using non-normal 

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

 

4.4.5.1 Historical simulation VaR 

The historical simulation method is also called a non-parametric method as it does not assume a paramet-

ric distribution of risk factors. The historical simulation method is perhaps the simplest non-parametric 

method and is used by many large banks (Pritsker, 2006:562). 

The historical simulation method uses historical relative differences in market prices to create a distribu-

tion of potential future losses and profits for a portfolio and then determines VaR as the percentage that 

the loss that is exceeded only a certain percentage of the time. Returns are determined by taking the cur-

rent portfolio value and comparing it to actual price variations experienced in the market (Van de Venter, 

2000:191).  

As the historic simulation method uses observed market variations for the estimation of expected future 

market charges, no statistical calculations are required. The simplicity of this method is a major advantage 

as it is an intuitively logical approach. This has the significant advantage of assisting risk managers to 

gain wider acceptance for VaR calculations (Van de Venter, 2000:191). 

A major disadvantage of this method is, however, that robust historical data are needed to make accurate 

predictions of the future. Furthermore, the older the data, the less relevant they become for the current 

market. There is therefore a complicated trade off between more and newer data. More data provide a 

more inclusive loss picture of the past such as unusual events. However, current risk estimates which are 

based on old market data might not always convey the most accurate message for today’s market condi-

tions. When different timelines are used in historic simulation VaR calculations, they often result in dif-

ferent results for the same portfolio which demonstrates that results are not stable when using this method 

(Wiener, 1997:11).  

As this study investigates a wide range of bond portfolios with simulated, random underlying elements it 

was not possible to obtain historical data to the same 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-parametric method and assumes that information about the com-

bined distribution of market changes is available. Monte Carlo simulations generate correlated random 
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variables to model a probability distribution for statistical data analysis (Svendsen, 2004:97). The method 

generally assumes a normal distribution of underlying risk factors (although this restriction can be re-

laxed). Distributions can be created by randomly combining a large number of possible scenarios and 

pricing the portfolio for each scenario whilst preserving historical correlation structures (Marginn et al, 

2007:600). The broad spectrum of scenarios provides a good approximation for the final value of the port-

folio. A 99% confidence interval VaR is the lowest percentile of a return distribution. A small set of 

simulations will produce a preliminary result which can, if needed, be improved by running additional 

simulations to enrich the data (Benninga & Wiener, 1998:6). 

The first step in calculating VaR by using the Monte Carlo approach is to identify prominent risk factors. 

A joint distribution of these factors is then constructed, based on historical data implied by observed re-

turns. The simulation is then performed and a large number of scenarios simulated. For each scenario the 

profit and loss are measured at the end of the simulated period. These profits and losses are then ordered 

and VaR calculated as a percentile of the returns (Wiener, 1997:14). 

The biggest advantage of the Monte Carlo approach is that it is flexible enough to incorporate time varia-

tions, volatility, expected returns, fat tails and extreme scenarios in risk factors. For the instruments in an 

investigated portfolio, the Monte Carlo approach also includes nonlinear price exposures and complex 

pricing models (Jorion, 2007:266). 

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

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

some of the inputs – which are used repeatedly – are incorrect, the model quickly becomes erroneous. 

Even though this approach is arguably the most comprehensive market risk measurement approach if im-

plemented and modelled correctly, it is expensive to implement from a system infrastructure as well as an 

intellectual capital perspective (Jorion, 2007:266). 

One of the reasons for not applying this approach in this investigation is that the joint distribution of 

many market parameters needs to be known in order to derive the most accurate VaR. This concern was 

raised by Wiener, (1997:15) who argued that when there are more than three of four significant parame-

ters it is difficult to ensure the accuracy of all the data and to build a multi-dimensional distribution.  

The risk factors which characterise bond portfolios are usually strongly correlated, particularly if the con-

stituent bonds all originate in the same geographic region (as was the case in this investigation). As this 

study investigates bonds, this is especially true. Bonds with different maturities, credit ratings etc., from 

an extremely complex random structure as the different, interconnected variables are difficult to measure 

and there are no historical data on which to base these simulations (Wiener, 1997:15). 

 

4.4.5.3 Variance-covariance method  

The third method for calculating VaR is the variance-covariance approach. As the variance for a variable 

is an indicator of the spread of values, the covariance indicates the degree to which two variables move 
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together. It is also sometimes referred to as the Analytical Method with the main advantage being the 

speed of its calculations (Harlow, 2005:87). The variance-covariance method is based on the assumption 

that portfolio returns are normally distributed. VaR is then expressed as a multiple of the standard devia-

tion of the portfolio's return (Ozcelik & Rees, 2005:4). 

The variance-covariance matrix contains information regarding the volatility and correlation of returns 

relevant to the portfolio. It is a diagonal (symmetric) matrix with all the variances of every asset’s return 

down the diagonal axis whiles the covariances between assets, appear off the diagonal axis. Variances are 

calculated using standard deviations of market returns while covariances combine standard deviations of 

market returns with the correlations between market returns (Van de Venter, 2000:190).  

Important assumptions used are that risk factors that influence portfolio daily market returns are normally 

distributed around a mean of 0%. These risk factors can include a range of relative changes in interest or 

exchange rates and share prices. This assumption makes it possible to determine the distribution of port-

folio profits and losses as they are also normal. With the distribution of possible profit and losses deter-

mined, VaR can be calculated by applying standard mathematical properties of a normal distribution. The 

VaR then refers to loss that is exceeded only a certain percentage of the time (Van de Venter, 2000:190). 

In order to calculate a bond portfolio's VaR, the daily VaR of each bond in the portfolio is required. Fur-

thermore, the correlation is needed for the variance-covariance matrix.  

( ) TCINVaR ×××= σ      (4.1) 

Where: 

� N  is the notional amount invested in a security or portfolio 

� CI is the confidence interval, 

� σ  is the instrument or portfolio return volatility (which implicitly takes account of linear correlations 

between portfolio constituents’ returns) and 

� T  is the liquidity adjustment or holding period. i.e., the assumed time to unwind a portfolio of size 

N without materially affecting the underlying constituent prices of the portfolio. 

Three of the above parameters are easily and unambiguously measurable, namelyN , CI  and T ; the 

portfolio volatility is responsible for the bulk of this technique’s complexity – a significant amount of 

which may be reduced by embracing the limiting (but hugely simplifying) assumption that market returns 

are normally distributed.  

The variance/covariance (VCV) method employs matrix multiplication techniques from linear algebra as 

well as the eponymous VCV matrix, a well-known representation 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 (diagonal elements are the variances of the returns series) 1, 

2 and 3 respectively and off-diagonal terms are covariances between relevant return series (and ρnm is the 

correlation between the returns of series n with m series. If the percentage weight in each constituent (1, 2 

or 3) is represented by1w , 2w  and 3w  respectively, then the overall portfolio volatility (Botha, 2005:87) 

is determined by: 
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    (4.3) 

To obtain the VaR for such a portfolio simply involves multiplying the above by the notional amountN , 

the confidence interval CI  and the scale factorT . The above technique obviously applies equally well 

to a portfolio comprising n  positions. Interest rate volatility is only marginally less simple to measure. 

Because the volatility obtained from the techniques discussed here is interest rate volatility rather than 

price volatility, the relevant interest rate sensitive instrument's duration must also be calculated. The 

product of this duration, the interest rate volatility and the measured change in the interest rate gives a 

price volatility which may then be used in an identical manner to the equity price volatility discussed 

above (Maitland, 2002:130). 

The attraction of this technique lies in its relative simplicity, ease of implementation and enduring robust-

ness while opponents of this approach believe the VCV matrix to be unstable (often, such a matrix is con-

structed and assumed constant for a period of time: only the portfolio weights change over the period 

concerned) and that the assumption of normality for the return distribution is highly questionable. Indeed, 

empirical research has long ago established the existence of a fat tailed, leptokurtic, negatively-skewed 

return distribution. Despite these criticisms, the technique is widely used (Van Vuuren, 2008).  

Other important concepts that are needed to understand and 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 to the maximum amount that could be lost (conditional VaR). 

VaR refers to the measure of market risk which indicates the expected minimum loss associated with a 

particular level of probability. This can be explained by the following example: the expected minimum 

loss of an investment associated with a probability of 5% is -15% per dollar invested. In other words, 

there is a 5% chance of losing at least 15% (Collins & Fabozzi, 1999:92). Note that nothing has been 

mentioned regarding the maximum amount that could be lost. 
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The capital charge for specific risk is intended to protect banks against unfavourable price movements of 

positions which are the result of factors related to individual issuer and is comparable to credit risk (Bak-

shi, 2004:430). Specific risk includes the risk that an individual debt or equity security varies by more or 

less than the general market in day-to-day trading (BCBS, 2005a:3). This also includes periods when the 

whole market is subject to high volatility. Furthermore, specific risk also covers event risk where the 

price of an individual debt or equity security varies sharply relative to the general market. This happens in 

events such as takeover bids or other shock events such events which might include the risk of default.35  

While the standardised approach applies a 'building-block' approach for specific risk where the general 

market risk arising from equity and debt positions are measured separately, the focus of IMA is the 

bank’s general market risk exposure. This means that the calculation of specific risk is done largely 

through the separate credit risk measurement systems (BCBS, 2006b:163). 

Banks using the IMA are subject to an additional capital charge for specific risk if the VaR measure does 

not include specific risk factors or if models do not meet all the qualitative and quantitative requirements 

for general risk models. The BCBS (2005a:46) specifies certain criteria for regulatory recognition of 

banks’ specific risk modelling. In particular, the specific risk models must explain the portfolio’s histori-

cal price movements and capture concentrations which refer to the magnitude and changes in composi-

tion. Internal models must also be robust enough to account for unfavourable environments. Models must 

capture name-related basis risk as well as event risk and finally be validated through backtesting (dis-

cussed later in this chapter). 

The degree to which investors are exposed to specific risk can be reduced considerably by diversification 

within a portfolio. When a portfolio consists of only one specific asset only, the change in value of that 

portfolio is exactly the same as the price movement of the asset of which it comprises. Therefore, the 

portfolio is 100% exposed to the specific company’s risk of price movement. However, if a portfolio ex-

ists of all types of assets in the market the portfolio will diversify away much company-specific risk. 

Well-diversified portfolios will only be exposed to the unavoidable market risk ('general risk') embedded 

in the market.36 It has been shown that a portfolio comprising a broad range of 30 or more assets will fol-

low average market movements (Surz & Price, 2000:1). The diversification effect is illustrated in Figure 

4.2 below. 

                                                 
35 In this study, default (with regard to a particular obligor) is considered to have occurred when – as it is in Basel II lexicography 

(BCBS, 2006a:100) – either or both of the two following events have taken place: (a) the bank considers that the obligor is 
unlikely to pay its credit obligations to the banking group in full, without recourse by the bank to actions such as realising secu-
rity and (b) the obligor is past due more than 90 days on any material credit obligation to the banking group. 

36 Individual instruments are always subject to their own specific risk. In a well-diversified portfolio, these largely cancel each 
other out, but this may not imply that the specific risk is cancelled out altogether. In light of this, the BCBS have included (in 
Basel I) specific risk into the trading book capital charge to compensate for this possibility (BCBS, 1996). The capital charges 
due to specific risk are almost impossible to calculate without precise knowledge of all the facts pertaining to the instrument 
(and the circumstances affecting it). For this reason, specific risk was omitted from this analysis. 
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Figure 4.2: Portfolio diversification and accociated market risk. Vertical axis=exposure to specific risk; 

horizontal axis=number of assets in the portfolio. 

 Source: IC-Agency (2009) 

The calculation of the market risk charge, as prescribed by Basel II, is now discussed. 

 

4.4.7 Calculating the market risk charge 

The 1996 amendment implies that a capital charge applies for the market risk linked to the trading book, 

but also for currency and commodity risks that arise in the banking book (Jorion, 2007:60). The capital 

charge for credit risk excludes equity securities and debt in the trading book as well as positions in com-

modities. Credit risk, however, includes all over-the-counter (OTC) derivatives in both the trading and 

banking book. Banks using the IMA are required to hold, on a daily basis, capital that is expressed as the 

higher of (Jorion, 2007:60): 

� the previous day’s VaR or 

� the average of the daily VaR over the last 60 business days multiplied by a factor, k . 

The Basel II equation prescribed to determine the internal model's approach market risk charge on any 

day is: 

t
i

tit SRCVaRVaRk +






 ××= ∑
=

−−

60

1
1, 60

1
Max capital regulatoryrisk Market   (4.4) 

Where: 

� SRC = the specific risk charge (defined later in this section) 

� k = the multiplication factor which is determined by local regulators, based on their quality assess-

ment of the bank’s risk management system. This factor ranges from 3 to 4 depending on backtesting 
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results of banks’ internal models. Basel II considered this factor as essential to translate daily VaR es-

timates into a capital charge where sufficient capital is available to serve as a cushion for potential in-

creasing losses due to unfavourable market conditions over time (Alentorn & Markose, 2008:48). 

Regulators would not have sufficient comfort unless the VaR measure was multiplied by this factor 

(BCBS, 1995:15). The reason regulators require this factor is based on the possibility that the qualita-

tive and quantitative criteria might not be sufficient during periods of severe or prolonged market 

movements. It is, however, important that the multiplication factor should not be seen as a substitute 

for regular stress testing. Basel II agreed that the multiplication factor should be added as a ‘plus’ fac-

tor which is directly related to the performance of a bank’s internal model. It therefore introduces a 

built-in positive incentive which rewards an accurate and highly predictive model. The multiplication 

factor has also been designed by the BCBS to compensate for potential weaknesses in the internal 

modelling process such that: 

� Market price movements do not always follow the statistical simplifications used in the modelling 

assumptions,  

� volatilities and correlations observed in the past and used in modelling assumptions could vary 

considerably in future,  

� VaR estimates are usually based on end-of-day positions which ignore the intra-day trading risk, 

and 

� event risk that arises from unanticipated, adverse market conditions cannot be modelled accu-

rately (BCBS, 1995:3).  

Even though Equation 4.4 is used by banks for calculating the market risk charge under the IMA, there 

are additional regulators requirements for banks which is discussed next. 

 
4.4.8 Regulators’ criteria for good and bad models 

The IMA does not give banks total freedom to design their own risk management systems. The approach 

is based on the definition of a series of quantitative and qualitative standards with which banks would 

have to comply. If banks are able to prove to regulators that these standards have been met, they are al-

lowed to use their own market risk measuring models. The regulator, however, allows the necessary 

flexibility to account for different levels of detail in banks’ systems (BCBS, 1995:2). 

 
4.4.8.1 Qualitative criteria 

It is important that regulators should be assured that banks that opt for the IMA have conceptually sound 

market risk management systems in place which are implemented with integrity (BCBS, 2005a:36). 

Regulators therefore receive a list of qualitative criteria that banks should comply with in order to be 

permitted to use their own internal models. Seven qualitative criteria are specified by Basel II. These cri-

teria require, inter alia, banks to have an independent risk-control unit as well as external audits. Specifi-
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cations about the design and implementation of the risk management system, as well as fixed reporting 

lines, are stated as criteria. Banks should also conduct regular backtesting and validation of the internal 

models in order to demonstrate that sound risk management systems are in place. Basel II refers to back-

testing as a formal statistical framework to verify if actual losses are in line with losses projected in a 

banks modelling process (BCBS, 2006a:192). 

Backtesting of VaR models refers to the process whereby the actual portfolio returns or for a given hori-

zon are compared with the estimated VaR numbers (Blanco & Oks, 2004:2). The process of backtesting 

involves calculating the number of times (expressed as a percentage of the total days tested) that portfolio 

returns fall outside the forecast VaR value and comparing that number to the confidence level used. For 

example, If a 95% confidence interval was used over the period being investigated, the VaR model is ex-

pected to be accurate only 95% of the time. It is acceptable that 5% of all forecasts are inaccurate, indeed, 

with a 95% confidence interval, they are expected. Forecast inaccuracies in excess of those expected from 

the confidence interval employed, however, provoke regulatory concern. The BCBS has established a set 

of ‘traffic light zones’ (green, yellow and red) which each refer to a region of increasing discomfort with 

the VaR model under scrutiny as inaccuracies (or exceptions) swell.  

There is a direct association between the number of exceptions and the value of the regulatory multiplica-

tion factor, k . Up to four exceptions – for example – results in 0.3=k , five exceptions gives 4.3=k  and 

ten or more, 0.4=k . If the number of exceptions falls into the red zone (which indicates deeper problems 

with a bank’s market risk model) local regulators automatically assign k  a value of 4.0 (BCBS, 

2006a:318). 

The involvement of the board of directors and senior management in risk management activities are re-

garded as an essential qualitative criterion. Management must be actively involved in the risk control 

process and banks should be able to provide evidence that risk management techniques are integrated into 

management decisions and day-to-day bank processes (BCBS, 2005a:36).  

 
4.4.8.2 Specification of market risk factors 

A significant element of a bank’s market risk model is defining the appropriate set of market risk factors 

to be included in the bank’s risk measurement system (BCBS, 2005a:38). These market risk factors refer 

to the elements that have an impact on the value of a bank’s trading positions and include market rates 

and prices.  

Although regulators allow banks to apply some degree of discretion in specifying these risk factors for 

internal modelling, the following guiding principles should be satisfied:  

� for interest rates banks are required to have a set of risk factors which are relevant to the interest rates 

in each currency for which the bank holds any interest-rate-sensitive on- or off-balance sheet posi-

tions,  
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� for exchange rates the risk measurement system should incorporate risk factors corresponding to the 

individual foreign currencies in which the bank’s positions are denominated. Since the VaR figure 

calculated by the risk measurement system is expressed in the bank’s domestic currency, any net po-

sition denominated in a foreign currency will introduce a foreign exchange risk. Thus, there must be 

risk factors corresponding to the exchange rate between the domestic currency and each foreign cur-

rency in which the bank has a significant exposure,  

� for equity prices banks are required to have a set of risk factors which are relevant to the equity mar-

kets in which the bank holds any interest-rate-sensitive on- or off-balance sheet positions and 

� for commodity prices banks are required to have a set of risk factors which are relevant to the com-

modity markets in which the bank holds any interest-rate-sensitive on- or off-balance sheet positions. 

 
4.4.8.3 Quantitative criteria 

When the above qualitative conditions are satisfied and banks have proved sufficient specification of 

market risk factors, the regulatory capital charge for market risk is based on a set of quantitative criteria. 

Regulators provide banks with the flexibility to design their models however; some minimum principles 

apply in the modelling process (BCBS, 2005a:40). Local regulators however, have the discretion to apply 

more conservative standards. 

The quantitative criteria for the IMA are: 

� VaR should be calculated on a daily basis measured at  

� a one-tailed confidence interval of 99% using  

� a minimum holding period of 10 working days. Banks are however permitted to use VaR numbers 

which were calculated for shorter holding periods, provided that they are scaled up to 10 days by ap-

plying the 'square root of time' calculation,37 

� an observation period based on at least a year of historical data must be used, 

� data sets must be updated at least once per quarter (more frequently if market prices 'are subject to 

significant changes'), 

� no model is specified, however, the model used must consider all the market risk factors mentioned 

above, 

� banks are allowed to use empirical correlations within broad risk categories such as interest rates, ex-

change rates, equity prices and commodity prices. Regulators may recognise these empirical correla-

tions only if they are satisfied that a bank has a sound correlation measurement system and 

                                                 
37 The 'square root of time rule' stems from a statistical property of variance of variableX , namely that [ ] [ ]XVARnnXVAR ⋅=  

(hence [ ] [ ]XstdevnnXstdev ⋅= ) and the assumption that variances are constant (J.P.Morgan/Reuters, 1996: 87). 
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� unique risks associated with options within the board risk categories must also be captured in the 

bank’s internal model. 

 

4.4.9 Credit risk in the trading book: From Basel I to II  

There are only minor differences which distinguish Basel I and Basel II’s treatment of regulatory rules 

governing market risk. The significant difference is rooted in the treatment of trading book (derivative) 

exposures. Market risk exposures under Basel I did not require specific, accurate modelling while Basel II 

sets out explicit, detailed methods to be evaluated by local regulators (BCBS, 2004:63).  

Basel II introduces the treatment of counterparty credit risk in the trading book as follows: 

Banks are required to calculate the counterparty credit risk charge for OTC derivatives, repo-
style and other transactions booked in the trading book, separate from the capital charge for 
general market risk and specific risk. The risk weights to be used in this calculation must be 
consistent with those used for calculating the capital requirements in the banking book (BCBS, 
2006a:164).  

Basel II specifies that potential future exposures should be modelled by using Monte Carlo simulations. 

This implies that the way in which derivative exposures could vary due to changes in interest and foreign 

exchange rates, share prices and volatilities must be simulated by banks. The average (expected value) of 

these simulated derivative exposures (over time to maturity) is then estimated and revered to as the ‘ex-

pected exposure’.  

The expected positive exposure (EPE) increases throughout the time to maturity. EPE can be defined as 

the: 

...weighted average over time of expected exposures where the weights are the proportion that 
an individual expected exposure represents of the entire time interval (BCBS, 2006a:256). 

The effective EPE is simply the average EPE. This is the exposure used in the market risk calculation ac-

cording to Basel II but only refers to derivative instruments.  

The next sections explore the developments which impacted the regulatory capital charge for market risk 

since credit crunch began in 2007. Credit risk in the trading book before the credit crunch is examined 

followed by a brief overview of the credit crunch itself and the impact it had on the BCBS’ proposed 

capital calculation methods capital charge for market risk. 

 

4.4.10 Credit risk in the trading book (pre-credit crunch)  

Since VaR was introduced by JP Morgan in the beginning of the 1990s, it has established itself as the 

most important measure of market risk (Hartz et al, 2006:2295). Berkowitz and O’Brien (2002:1110) 

evaluated the statistical accuracy of the VaR forecasts to determine the accuracy of banks’ trading risk 

models. Their finding that bank’s VaR forecasts were conservative under the Basel II regime contributed 

to the perception that VaR provided a safe and sufficient level of market risk capital. VaR did receive 
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some criticism about issues such as being theoretically deficient and numerically problematic (Hartz, et 

al, 2006:2295). Examples of problematic elements included the extreme value theory, quintile regression 

methods and Markov switching techniques. In addition to the problems identified for VaR, some research 

and work done was also done to improve it by exploring, for example, more sophisticated GARCH and 

EWMA models for calculating volatility (Hartz et al, 2006:2295). Despite the shortcomings of VaR it 

was still recognised by Basel II and remains the most widely used market risk measure in practice. Its 

accurate calculation is also perceived as a fundamental characteristic for calculating other risk measures 

such as expected shortfall (Dowd & Blake, 2006:194).  

Basel II’s confident attitude towards VaR is confirmed in Berkelaar et al’s (2002:360) statement that even 

though restriction exists in the VaR approach mainly due to the gambling strategy of the risk managers, 

VaR-based risk management has a stabilising effect on the economy as a whole. This made sense as the 

VaR-based financial models used by banks on which to base capital calculations upon are typically esti-

mates based on data from the several preceding years. If the preceding years were characterised by calm 

and uneventful VaR movements, models assume similar patterns will occur in the future. This is not, of 

course, necessarily accurate in the real world (Williams, 2008). The approach was suitable until the onset 

of the credit crunch (Griffin, 2008). 

 

4.4.11 The onset of the credit crunch  

On 9 August 2007, a liquidity crisis (due in part to the enormous exposure of US banks to subprime 

mortgages) erupted, triggering the onset of the biggest financial crisis since the Great Depression of 1929 

(Cane, 2008). The term credit crunch soon became part of everyday language as fear paralysed the 

world’s credit markets (although this quickly spread to most trading markets as well). 

 

4.4.11.1  The credit crunch defined 

More than a year after the bankruptcy of Lehman Brothers, the unfolding credit crunch (November 2009) 

has affected almost every segment of the financial system. Credit has been severely curtailed as banks 

struggle to contain further losses caused by reckless lending practices that characterised the last two dec-

ades. Asset prices have tumbled as fearful investors flee to safer havens, abandoning traditional invest-

ments and hedge funds with resolute consistency. Governments – in an attempt to stave off stagflation 

and kick-start failing economies – have reduced interest rates to historic lows, initiated stimulus packages 

and instigated bank bailouts. The dire economic environment characterised by diminishing industrial pro-

duction, falling house (and other asset) prices and rising unemployment, has only discouraged spending 

and investing and promoted capital hoarding. In the ensuing credit crunch, the regulatory economic envi-

ronment (dominated by Basel II) has proved woefully inadequate. Potential solutions have not yet pre-

sented themselves and the credit crunch looks likely to continue for the foreseeable future (Budworth, 

2008).  
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More formally Ghosh & Ghosh (2006:1) defines a credit crunch as: 

A situation in which interest rates do not equilibrate supply and demand for credit and 
the aggregate amount is supply constrained, i.e. there is quantity rationing.  

Banks were the hardest hit by this credit crunch as billions in mortgage-related investments had to be 

written down. Some large investment banks that once ruled the financial world have disappeared or rein-

vented themselves as normal commercial banks (The New York Times, 2009). 

 

4.4.11.2  Main drivers of the credit crunch 

The origin of the credit crunch can be traced back to another important event, namely the technology 

bubble which arose in the late 1990’s. In early 2000, stock markets declined sharply in the US which re-

sulted in a full recession in by 2001 and which lasted until the end of 2002. The Federal Reserve re-

sponded with significant interest rate cuts in an attempt to contain the economic damage (The New York 

Times, 2009). During the years that followed, lenient lending conditions for higher risk borrowers inflated 

an enormous debt bubble as people borrowed low-cost money which was invested in property. Lenders 

granted billions of dollars in mortgages to individuals with high risk credit ratings who had low or no in-

come or assets (referred to as sub-prime borrowers). The perception at that time was that if individual 

would experience difficulties with mortgage repayments, the rising house prices would enable them to 

remortgage their property. This made logical, business sense given the low interest rate (1%) in the US in 

the beginning of 2004 (Budworth, 2008).  

The dilemma was the low levels of interest rates could not continue forever. In June 2004 interest which 

triggered a decline in US house prices. This resulted in borrowers defaulting on mortgage payments 

which sparked a devastating sequence of events. The first shock came in June 2007 as two hedge funds, 

owned by Bear Stearns, collapsed due to large exposure in the dangerous subprime market. Gradually 

more banks discovered that securities perceived as safe were indeed affected with what came to be known 

as toxic mortgages (Bajaj & Creswell, 2007). Even though the Federal Reserve applied extraordinary 

measures to strengthen Wall Street, losses continued to increase. In March 2008 the Fed prevented the 

bankruptcy of Bear Stearns by taking over billions in liabilities and facilitating engineering a sale to JP 

Morgan Chase. In Sept the US Treasury Department announced it was taking the government-sponsored 

entities Fannie Mae and Freddie Mac to ensure their survival in the falling housing market (The New 

York Times, 2009). When talks broke down between government and finance officials on 12 September 

to prevent the bankruptcy of the investment bank Lehman Brothers, the credit crunch became a global 

financial crisis. Lehman collapsed and Merrill Lynch was sold to the Bank of America to avoid a similar 

fate (Weber, 2009).  

An anonymous member of the 2009 World Economic Forum summarised the events above as follows: 

The root causes for the economic crisis were too much debt, a culture of short-term re-
wards for long-term risk-taking and fatally flawed mathematical risk models. And plain 
old greed. Weber (2009). 
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Sharp rate cuts and fiscal stimulus packages were then introduced globally to salvage the financial system 

from the ravages of the crisis. At the time of writing (November 2009), the credit crunch continues un-

abated with no indication how long it will continue or how severe the situation might become in future 

(Weber, 2009). 

 

4.4.11.3  Consequences of the credit crunch 

As banks had invested billions of dollars in the sub-prime backed instruments introduced in the previous 

section, they had to write off enormous amounts of money losses as the value of assets crumbled during 

the credit crunch. Not only did the losses increase significantly, investors became wary about buying any 

investment linked to mortgages, regardless of the quality of assets (Budworth, 2008). Volatility of the 

mortgage backed security increased dramatically as the fluctuation in value was noticeably more signifi-

cant. VaR, therefore, also increased dramatically. As volatility surged, banks using VaR anticipated much 

higher losses but only after the credit crunch (Chang et al, 2008:3). 

Figure 4.3 below represented return data derived from FTSE 100 index returns. The figure illustrates re-

turns measured over the last five years and a hypothetical VaR (of the FTSE 100 'portfolio') at a 95% con-

fidence interval. The figure shows the increase in VaR as a result of the burgeoning credit crunch. 

Figure 4.3: Increase in VaR as a result of the credit crunch – FTSE100 index returns 

 

-10%

-5%

0%

5%

10%

01-Jan-04 01-Jan-05 01-Jan-06 01-Jan-07 01-Jan-08 01-Jan-09

R
e
tu

rn
s 

(%
 P

&
L
)

P&L VaR 2004-07 VaR Q1-2 08 VaR Q3-4 08

 

Source: Bloomberg 

This observation of VaR is consistent with a report by The Federal Reserve Bank of New York who plot-

ted the average VaR from 2001 to 2008 for Bear Stearns and Lehman Brothers (Adrian & Shin, 2009:21). 

A significant VaR increase was experienced in from mid 2007 onwards. These increased VaR for these 

two investment banks provides further evidence that banks' balance sheets were under considerable stress 

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 credit crunch according to Merrill  Lynch’s (2008) third-

quarter filing with the U.S. Securities and Exchange Commission. The BCBS expressed concerned with 

this in its comments on the increase in trading losses and VaR exceptions (BCBS, 2007b).  

Implicit in a 99% confidence interval, VaR forecast is the tacit acknowledgment that 1% of losses will 

exceed the forecast VaR. Exceptions occurring when losses exceed forecast VaR over and above the ex-

pected number of such occurrences (Jorion 2000, 130). Given the complete meltdown of financial mar-

kets, and the increase in market volatility across all actively traded asset classes, it could be anticipated 

that a larger number of banks with significant trading book exposures reported increases in VaR excep-

tions. These increases in the number of exceptions challenge the assumed robustness of VaR models and 

also expose flaws in VaR models. It is, therefore, not surprising that numerous banks tried to address the 

exposed inadequacies of VaR. Citigroup, for example, combines the VaR methodology with additional 

risk factors that track the specific issuer risk in debt and equity securities. Too many banks, however, 

simply accepted the normal VaR result as sufficient (Whalen, 2006). 

The main concerns about VaR and the recent failure of the method revolve around the following issues: 

� VaR is not designed to accurately measure risk during crisis conditions,  

� VaR does not give any clarity on events beyond the 99% worst probability of losses,  

� VaR measures trading or market risk only and does therefore not provide a complete risk overview, 

and  

� VaR is too dependent on historical volatility and therefore has a short memory (Bakhshi, 2007:10). 

As VaR is a backward–looking risk measure which is heavily dependent on the averaging of historical 

data whatever the method used to calculate it, it does not sufficiently capture unexpected market shocks 

as experienced during the credit crunch. This can be very clearly observed where sudden losses exceed 

historical trends.  

In an environment where risk events are large and abnormally frequent, it can be anticipated that banks 

might soon have no other choice than to investigate alternative risk measuring methods (Whalen, 2007).  

Despite these failures and shortcomings of the VaR estimates, Basel II did not discredit VaR for market 

risk capital calculations as advised by numerous market participants. Basel II did, however, not fail to act 

upon the recent developments in the economy as the credit crunch highlighted several of areas that re-

quire increased attention (Brouwer, 2008).  

 

4.4.13 Basel II amendments: Incremental Default Risk (IDR) 

With the root causes of the credit crunch explained, the need to strengthen various aspects of risk govern-

ance model had to come from the regulators (Brouwer, 2008). 
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The BCBS, however, anticipated the potential risk of credit events in the trading book as the 

Basel/IOSCO agreement reached in July 2005, contained several improvements to the capital regime for 

trading book positions (BCBS, 2005a:67). Among others, the revisions included a new requirement for 

banks that model specific risk to measure and hold capital against default risk that is incremental to any 

default risk captured in the bank’s VaR model. The IDR was incorporated into the trading book capital 

regime in response to the increasing amount of exposure in banks’ trading books to credit-risk related and 

often illiquid products whose risk is not reflected in VaR (BCBS, 2007b:1).  

In October 2007, the BCBS (2007b) released a document for public comments which introduced guide-

lines for computing capital for IDR. These proposed guidelines were introduced to banks as the market 

risk charge at the time was not sufficient to cover losses. According to the BCBS (2007b), the increased 

losses that occurred during market turmoil that started in 2007 did not arise from actual defaults, but 

rather from credit migrations combined with widening of credit spreads and the loss of liquidity (BCBS, 

2008a).  

An expanded scope for capital charges was therefore needed and the BCBS moved to embed the risk of 

default (credit risk) in the trading book. IDR was considered to be part of the specific risk component 

(which up to that point referred to the risk of price movements in an individual company – referred to as 

price risk (PR) in this study) due to specific events that influence the capital charge calculation. Without 

more specific guidelines however, IDR was poorly implemented and difficult for regulators to monitor. 

As a result, the BCBS issued the above mentioned consultative document in which,  

the decision was taken in light of the recent credit market turmoil where a number of 
major banking organisations have experienced large losses, most of which were 
sustained in banks’ trading books. Most of those losses were not captured in the 99%/10-
day VaR. Since the losses have not arisen from actual defaults but rather from credit 
migrations combined with widening of credit spreads and the loss of liquidity, applying 
an incremental risk charge covering default risk only would not appear adequate 
(BCBS, 2008a). 

In addition, the method proposed for the calculation of trading book credit risk:  

…for positions covered by the IDR, the incremental capital charge would represent an 
estimate of the trading book’s overall exposure to certain risks over a one-year capital 
horizon at a 99.9% confidence level, taking into account liquidity horizons of individual 
positions or sets of positions (BCBS, 2008a). 

By introducing IDR, the BCBS now require that banks (which opted for the IRB approaches) apply the 

same capital charge standards to credit-related portfolios in the trading book as they do in the banking 

book. Once the BCBS has finalised the revised requirements, banks must comply by 1 January 2010, 

while banks is allowed an additional year to incorporate IDR into their capital charge modelling process. 

The BCBS, however, assured banks that they will not only conduct a two-stage quantitative impact study 

to test these proposals, but will continue to work together with individual firms as well as industry groups 

during and after the comment period. This is aimed at refining the proposed changes and to support 

regulators in implementing these new proposals (BCBS, 2007b).  
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The evolution of the market risk charge from 1988 to the current charge is presented next by explaining 

the increase in regulatory requirements over time. 

 

4.4.13.1  Basel I in 1988 

No specified capital calculations were required. 

 

4.4.13.2  Amendments in 2004 

VaR is formally introduced and the following equation can be seen as the original market risk charge: 

444 3444 2144 344 21

onlyrisk   PriceriskMarket  

chargerisk  Specific     chargerisk market  based-VaR Original   charge Capital +=   (4.5) 

This may be written as: 

SRk                                     VaR                               charge Capital 10d
99%

riskMarket  

+×=
44 344 21   (4.6) 

Where:  

� k = scale factor (introduced in Section 3.4.1) and 

� SR = specific risk charge (introduced in Section 4.3.7) which consisted of price risk PR only. 

 

4.4.13.3  Basel II in 2007 

Except for the new derivative exposure rules, the market risk charges were left unchanged from Basel I. 

 

4.4.13.4  Proposed October 2008 amendments 

A new capital charge was introduced with IDR aimed at addressing the absence of credit risk in the trad-

ing book. The proposed charge included the original charge stated in Equation 4.4 (BCBS, 2007c:4): 

444 3444 2144 344 21

risk  Pricerisk Default riskMarket 

chargerisk  Specific     chargerisk market  based-VaR Original   charge Capital 
+

+=   (4.7) 

This can be written as:  

{

 PR IDR
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SR                                   VaR                  charge Capital 
+

+×= k
44 344 21    (4.8) 

Where: 

d250
%9.99CVaRIDR =        (4.9) 

and 
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d250
%9.99CVaR  = the capital charge applied to the credit-risky assets in trading book (calculated to the same 

degree of severity (i.e. at the 99.9% confidence level over a full one year period) as credit risky assets 

found in the banking book. 

If price risk is sufficiently small (i.e portfolios are sufficiently diversified) then price risk element of the 

specific risk charge may be ignored. This is important for the analysis conducted and presented later in 

this chapter. The proposed charge may therefore be written:  

d250
%9.99

d10
%99

riskMarket 

CVaR                        MVaR                         charge Capital +×= k
44 344 21    (4.10) 

Where: 

� MVaR = the original market risk charge prescribed by Basel II and 

� CVaR = the new credit risk capital charge for credit-risky assets in the trading book. 

Banks are expected to comply with the proposed 2007 guidelines for calculating capital for IDR in the 

trading book in order to receive specific risk model recognition (BCBS, 2007b). The BCBS requested 

public comments on the proposed consultative paper before mid February 2008. Some industry partici-

pants made use of the invitation for public comments. The International Swaps and Derivatives Associa-

tion (ISDA) provided the most extensive of these (Benyon, 2007).  

 

4.4.14 Industry response 

Market participants expressed deep concern about the BCBS’s recent (January 2009) IDR proposals. 

Market participants stated that the rules would raise regulatory capital to punitive levels, stunt the devel-

opment of risk models and even kill off entire business lines (Pengelly, 2009: 17).  

The invitation by the BCBS to the industry to comment on the proposed IDR charges announced in 2007 

was accepted by the ISDA (2008:2) and in an official response they raised their concerns. They elabo-

rated on these concerns by proposing some alternatives. ISDA expressed concern that the proposed IDR 

charges will have a large impact on the regulation of banks’ trading books as the capital charge for market 

risk is expected to treble on average compared to the current market risk capital charge (ISDA, 2008:2). 

Their findings were based on an ISDA study into the impact of the proposed IDR performed on seven 

international banks which contributed information and technical expertise to assist with the study (ISDA, 

2007:1). 

Banks’ failure to align IDR proposals with the existing capital charge for market risk could have a detri-

mental effect as firms which are active in the current market turmoil could potentially be distracted by the 

danger of default risk and not focus on the relevant and important elements of market risks (ISDA, 

2008:2). This could happen if banks allocate too much effort and resources for managing risks that ISDA 

do not consider being key drivers of economic losses and therefore this would not encourage prudent risk 

management of trading book portfolios. ISDA asserts that the proposed IDR charge consisting of a one 
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year capital horizon with a 99.9% confidence interval to be added to the existing market risk charge is 

unrealistic and almost certainly fails any 'use test' (ISDA, 2008:3). 

ISDA (2008:03) put forward an alternative proposal by recommending that the requirement of a 99.9% 

confidence interval over a full year 'unwind' period for credit risk assets in the trading book is too onerous 

and should be reduced to a 60-day holding period with the same confidence interval. Not only will this 

proposal reduce the capital charge to more realistic levels, but also makes mathematical sense as the gov-

erning capital charges equations are reduced to identical bases as well as identical scaling factors as 

summarised below: 

The proposed capital charge for market risk (Equation 4.4 – without the maturity factor not needed for 

retail exposures) is: 
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%99

riskMarket 

CVaR   charge Capital +×= MVaRk
44 344 21      (4.11) 

 However, ISDA (2007:7) pointed out that: 
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Where k is of the same magnitude (and approximately the same size) as the standard scaling factor k used 

in traditional market risk regulatory capital calculations, i.e. 43 ≥≥ k . This is not a coincidence: ISDA 

aimed to obtain a scaling factor of between 3 and 4 for the credit risk component as well and then reverse-

engineered the holding period of 60 days. This allows Equation 4.11 to be conveniently and mathemati-

cally elegantly rewritten as: 

( ) 43      with          , charge Capital d10
%99

d10
%99

riskMarket 

≤≤+×= kCVaRMVaRk
44 344 21

.  (4.13) 

It is important to note that the choice of a 60 day holding period is to introduce less stringent capital 

charges for the credit component of market risk. That this was achieved through mathematical manipula-

tion (only) of Equation 4.11 means, however, that it is entirely arbitrary. There is no empirical reason for 

the choice of a 60 day holding period. What follows in the remainder of this chapter is based on empirical 

data and does not follow the arbitrary approach described by ISDA. 

ISDA did, however, express its willingness to participate 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 comprehensive strategy to address the lessons learned from 

the credit crunch. Among others, the BCBS’s strategy included, a clear statement that strengthening risk 
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capturing in Basel II (in particular for trading book and off-balance sheet exposures) is a point of focus. 

The BCBS (2008b) stated that they are committed to address the fundamental weaknesses exposed during 

the credit crunch. This specifically refers to regulation, supervision and risk management of internation-

ally-active banks. The BCBS furthermore stated that their work programme is well advanced and pro-

vides practical responses to the financial stability fears raised by policy makers related to the banking sec-

tor. Although these comments appear to endorse the ISDA suggestions, the BCBS made it clear in an of-

ficial statement that: 

The primary objective of the Committee’s strategy is to strengthen capital buffers and 
help contain leverage in the banking system arising from both on- and off-balance sheet 
activities. It will also promote stronger risk management and governance practices to 
limit risk concentrations at banks. Ultimately the goal is to help ensure that the banking 
sector serves its traditional role as a shock absorber to the financial system, rather than 
an amplifier of risk between the financial sector and the real economy (Wellink, 2008). 

Even though Wellink (2008) stated that the BCBS did plan to continue public consultation throughout 

2009, the degree to which the BCBS would incorporate public opinion in the new regulatory requirements 

remained a point of uncertainty.  

In January 2009, the BCBS (2009b:2) proposed additional requirements for credit exposures in the trad-

ing book with the introduction of a stressed VaR requirement. As losses in banks’ trading books during 

the credit crunch have increased to a level which is higher than the minimum capital requirements under 

the Pillar 1 market risk rules, the BCBS will require banks to calculate a stressed VaR by taking into ac-

count a one-year observation period relating to significant losses. This would be in addition to the VaR 

based on the most recent one-year observation period. This study incorporates these requirements in the 

empirical capital calculations as the calculated market risk charge is calculated with stressed market ele-

ment built into the modelling process. 

The BCBS (2009b:2) also proposes to:  

...discontinue the preferential treatment of a 4% capital charge for specific risk of equi-
ties that is currently applicable to portfolios that are both liquid and well-diversified. As 
a result, an 8% capital charge for specific risk of equities would apply in all cases.  

As stated earlier in this chapter excludes SR in modelling; hence the proposal does not impact the analysis 

of the bond portfolios investigated. 

In addition to the BCBS’ (2009b:2) proposed changes, it vowed to:  

...initiate a longer-term, fundamental review of the risk-based capital framework for 
trading activities.  

 

4.4.16 Potential consequences of proposed regulatory changes 

The impact of the changes to the current regulatory framework, with specific reference to market risk, is 

explored in the next section. If the changes resulted in a trebling of regulatory capital (as warned by ISDA 
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(2008:2)), the levels of economic capital would also change dramatically if based on the principals of 

regulatory capital calculations. The impact of punitive regulatory capital charges on banks could be dev-

astating (ISDA, 2008:3). In the economic downturn this could lead to even less liquidity in the market 

which might not necessarily be effective and correct. However, before assuming that a bank might con-

sider the proposed capital charge for market risk to be too onerous for their economic capital, the con-

trarian argument also needs to be explored. 

With the surge in VaR levels experienced by banks, the possibility does exist that regulatory capital for 

market risk might not be sufficient to cover mounting losses in a bank. Regulatory capital for market risk 

might thus underestimate required market risk capital. From that perspective, this chapter attempts to de-

termine whether economic capital levels would be sufficient by examining recent market developments. 

The goal of this chapter is, therefore, not to expose the potential flaws in the proposed Basel II amend-

ments, but to determine a fair level of economic capital for the trading book to be held by a bank. This is 

achieved by investigating empirical data from banks and applying the proposed regulatory requirements 

to these data. In order to compare the BCBS’s standards with the actual experiences in banks, this study 

used loss data from several large banks (all of whom employed the IRB approach for credit risk). 

 

4.4.17 Conclusion of the literature study 

The literature study of this chapter covered a wide variety of concepts, definitions and developments 

needed to comprehend the methodology presented in this chapter. The next section introduces the back-

ground mathematics regarding the methodology as well as an exploration of the required parameters. The 

next section also applies the mathematics to a specific set of vanilla bond data. The properties of the un-

derlying data are described in detail as well as the modelling procedures and evidence for the assumptions 

used in the calculations.  

 

4.5   Methodology and parameters 

The methodology applied in this chapter is to apply all the relevant market risk concepts including the 

recent development in IDR to design a model for trading book capital based on the prescriptions of the 

BCBS. This involves using the BCBS prescription and applying the same level of mathematical rigour for 

trading book capital calculation as used in the banking book. 

ISDA (2008:03) concluded that BCBS’ proposed requirement of a 99.9% confidence interval over a full 

year (250 trading days) holding period for credit risk assets in the trading book is too onerous and as-

serted an alternative proposal by recommending that it should be reduced to a 60-day holding period with 

the same confidence interval. With these two proposals in mind, this study attempts to establish empiri-

cally what the fair holding period is for the credit exposure in the trading book under the new capital re-

quirements proposed by the BCBS. A fair level of holding period will enable banks to calculate a fair 
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level of economic capital for the trading book by applying the exact same mathematical standard as pre-

scribed by the BCBS. The holding period was specifically selected as the LGD, correlation and equations 

prescribed by Basel II could not be changed in order to determine a fair level of economic capital. The 

only element in capital calculation that can be adjusted is the probability of default (PD). While the PD 

itself cannot be changed, the period over which it is valid can be investigated and adjusted (PD is always 

measured annually unless otherwise stated) (Algorithmics, 2006: A6).  

The logic that needs to be followed to achieve the goal of this chapter is therefore to adjust the holding 

period of the PDs until the capital charges equal the maximum losses experienced by banks immediately 

after the credit crunch (and ongoing) in the trading book. Once this empirically proven holding period has 

been determined, banks may use it as their economic capital calculation guide. 

This study recognises the fact that banks have no choice but to follow BCBS rules as laid out in Basel II 

for regulatory capital. However, if they employ the empirical holding period, they could benefit because 

this is a fairer estimate of economic capital required for the trading book. This study applies the VCV 

measure of VaR to a portfolio of fixed income instruments and assumes that banks wishing to utilise this 

technique have been approved for AIRB approach.  

 

4.5.1 Data 

In order to compare the BCBS’s standards with the actual experiences in banks, this study used loss data 

from several large banks (all of whom used the AIRB approach for credit risk). Data were sourced di-

rectly from the market. Where publicly available data (such as asset return series) were required, these 

were obtained from third party data sources such as BloombergTM or ReutersTM. However, some of the 

data were also not disclosed to market participants, but available to the author. Such privileged data were 

suitably applied as to disguise the source and where necessary, permission to present analytical results 

without data source disclosure was sought from data owners. 

A fundamental input into this study is the recent finding that (on average) banks' VaR (measured during 

normal, non-volatile market periods) increased by a factor of up to three at the period of highest volatility 

measured during the credit crunch (Van Vuuren, 2009). The following issues need to be considered:  

� Basel I proved inadequate in providing for sufficient capital to cover market risk in the trading book, 

� Basel II tried to address this inadequacy by introducing credit risk charges for the trading book (IDR:  

measured at the same standards as for the banking book), 

� the implementation details and monitoring from regulators was, however, insufficient and as credit 

within the trading book increased (a boom in cheap credit and credit derivatives since the mid 00’s) 

further steps needed to be taken, and 

� the BCBS increased the requirements during the credit crunch, but industry participants have not re-

ceive these new requirements (which they argue are far too onerous) very well. 
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To investigate these problems, a simple portfolio comprising only corporate bonds (with no embedded 

optionality) is considered. VaR (and capital requirements) for this portfolio is measured pre-crisis38 and 

this value then compared with the capital charges for the trading book after taking into account (a) in-

creased volatility measured during the most volatile period of the credit crunch and (b) the new IDR capi-

tal charges. This latter capital charge will then be compared with worst-case, actual bank loss experience 

calculated during the credit crisis. If the values compare favourably, it may be said that the Basel II capi-

tal charges are – in some sense – 'fair' since the credit crunch is widely considered to be the most severe 

market event for several decades. If the Basel II capital charges are onerous compared with the actual 

measured losses then efforts is made to adjust parameters in the Basel II formulas to ascertain how they 

might be altered to make the charges fairer. 

 

4.5.2 Modelling the market risk charge 

The industry and regulators agree that VaR should be applied as the principal risk management tool 

measure and compare the market risk between different portfolios and institutions, the model built in this 

study therefore calculates the VaR of the different Monte Carlo simulated bond portfolios.  

 

4.5.2.1 VaR for bonds  

Credit-risky investments expose buyers to both market movements (of interest rates) as well as to credit 

quality transitions (and, ultimately, default of the issuer). Credit risky assets, therefore, are subject to both 

market and credit risk even though they are held in the trading book (Golub & Tilman, 1997:75). Bonds 

(specifically plain vanilla, corporate bonds) were used in this study as the idea was to isolate the effects of 

credit-risky instruments from other types of instruments (such as equities) in the trading book. These port-

folio positions are expected to be traded in the market frequently and are not intended to be held (gener-

ally) until maturity as they are in the banking book (BCBS, 2005b:3). 

In equities the default risk is implicit whereas for debt instruments the default risk is explicit. Using sim-

ple debt instruments (plain vanilla corporate bonds) illustrates the application of the methodology intro-

duced in this chapter. Complex debt instruments (such as CDSs and CDOs) are complex and this com-

plexity unnecessarily obscures the effective application of the introduced methodology. Banks which hold 

complex instruments may still apply the methodology introduced in this chapter provided they can accu-

rately determine both the market and credit risk capital charge components. The determination of the 

market risk charge for complex debt instruments, however, is a complicated task39 (De Cleen, 2008:22). 

Sovereign bonds were excluded from this study since they are usually considered risk-free. From a credit 

                                                 
38 This is effectively the "normal market VaR". 
39 For more information on calculation the VaR for these complicated financial instruments (CDSs), refer to the PhD study by Yi 

(2007) titled: Value at Risk for a portfolio of Credit Default Swaps. The study from Yi (2007) illustrates the degree of complex-
ity and advanced mathematical approaches needed to calculate VaR for CDSs. 
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risk perspective, they are not comparable to corporate bonds which have a higher level of credit risk (Gib-

son, 2000:39). 

Holding period returns40 for bonds depend on changes in a bond’s price over the holding period. The 

price/yield relationship of a bond is normally nonlinear; however a linear approximation between the cur-

rent combinations of price (P) and yield (y) can also be (Dowd, 1998:67): 

y
dy

dP
yPyyP ∆








+≈∆+ )()(  (To first order)    (4.13) 

Where: 

� )( yyP ∆+ = the total change in the bond price due to a small increase in yield 

� dP = change in bond price 

� dy = change in yield 

� ∆y = a small change in yield. However, it is also known that: 
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Where: 

� Dm = the bond’s modified duration from the standard definition. The percentage change in bond price 
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and the volatility of bond prices Pσ  (and hence, the volatility of returns Rσ ) is approximately: 

y
m

PR yD σσσ ≈=         (4.16) 

Where:  

� mD  = the modified duration  

� y  = the yield to maturity and 

� yσ  = the yield volatility 

Assuming relative change in the yield is normally distributed, VaR for bonds is given by (using Equation 

4.16): 

                                                 
40 The return of a bond held over a given period (usually for a shorter period of time, hence not until maturity). The return is 

measured as the income and other gains (such as appreciation) earned from the bond, divided by the original cost of the bond 
(Livingston, 1999:59). 
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Where:  

� P = the bond’s present price defined as: 

∑
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Where:  

�  F = the face value, payable at maturity 

�  C = the coupon payment  

�  tu = the discount factor  

�  t = time index 

�  r = interest rate at which the face value should be discounted 

�  T = the time to maturity 

Dm (in Equation 4.17) = the modified duration. To calculate the modified duration of a bond, the Macau-

lay duration is used. The Macaulay duration is calculated by adding the results of multiplying the present 

value of each cash flow by the time it is received. This is then divided by the total price of the asset 

(Macaulay, 1938). The equation for Macaulay duration is as follows:  
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Where: 

�  n = the number of cash flows until maturity 

� t = the time to maturity 

� i = the required yield  

� m = the maturity (par) value  

The modified duration may be used to calculate the effect that an x% change in interest rates will have on 

the price of a bond. The following equation is used for this purpose: 
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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 large numbers of simulated portfolios in the trading 

book. Historical data (including yields to maturity, coupons, credit ratings and maturities) were first col-

lected for 250, actively traded, option free corporate bonds spanning the 5 years from June 2003 to July 

2008. Next, the Monte Carlo technique was used to generate thousands of realistic, market-relevant val-

ues of duration, yield, credit quality and coupon rate. As in all Monte Carlo simulations, historical aver-

ages, volatilities and correlations (see Table 4.1 below) were preserved.  

Table 4.1: Correlation matrix derived from 5 years of historical observations of corporate option-

free bonds 

CORRELATION  Coupon Maturity Yield to maturity Credit rating 

Coupon 1 -0.13 0.74 -0.35 

Maturity  1 -0.07 0.11 

Yield to maturity   1 0.22 

Credit rating    1 

 

The next step in the process is to determine the VaR for market risk as prescribed in Basel II and as sug-

gested by ISDA. 

The individual, simulated bonds were used to construct scenarios for which the market risk charges were 

then determined. A total of 300 different bond portfolios were used for the analysis, each portfolio con-

sisting of 130 individual bonds. Three classes of bond portfolios were constructed namely all, investment 

and speculative portfolios. It is important to note that investment here refers to a high quality, low risk 

bond portfolio and not to the bank's investment portfolio as traditionally understood. 

The difference in these portfolios is in the quality of the bonds. Each simulated bond was also assigned a 

credit rating (with an associated PD). Even though this had no effect on the market risk charge, it had a 

significant impact on the credit risk charge as the varying PDs determine the credit risk in each portfolio. 

In Section 4.4.3, which explores the credit component of the capital charge for market risk, the composi-

tion of the three portfolio categories is discussed. 

 

4.5.2.2 Portfolio VaR 

By applying the variance-covariance method discussed in Section 4.3.6, the portfolio VaR for each of the 

simulated portfolios was calculated by using the inputs 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, 

� the k factor is the average of 3 and 4 (the range of k values specified by Basel II),  

� the annual yield volatility = 15 % (Maitland, 2002:133), 

� the correlation of 0.8 – this is the median, long-term, bond yield correlation as determined by the IMF 

(2007:130). This correlation is used in the variance-covariance matrix, and  

� the market risk holding period is prescribed by BCBS. This component of VaR is a liquidity adjust-

ment, albeit a fairly crude one. The less liquid a portfolio, the longer it will take to dispose of it and 

the higher is the VaR. 

Many properties of the normal distribution may be exploited, including the attribute that variance scales 

linearly with time or, more precisely, the variance over a given forecast period is linearly related to the 

forecast period (so the 10-day return variance is double the 5-day return variance for example) or: 

( )ceday varian52ceday varian10 −×=− , ( )ceday varian110ceday varian10 −×=−  etcetera. 

Another expedient characteristic of the normal distribution is that the variance and the standard deviation 

are related by ( ) ( )2

tt rrV σ=  where V  is variance, σ  is the standard deviation or volatility, and tr  repre-

sents a vector of returns ( )r  measured at various points in time, ( )t .  

Multiple, and often different, time periods used in market risk can give rise to confusion unless care is 

exercised. The portfolio standard deviation (volatility) calculated using a set of daily returns will produce 

a daily standard deviation (volatility). This is a direct result of the time period between observations – not 

the length of the observation period itself. Monthly returns produce a monthly standard deviation, etc. 

Whilst some care must be taken not to use too few data (as this results in spurious results due to statistical 

inaccuracies) it is important to bear in mind that whether 3 years or 30 years of daily returns were used to 

estimate the volatility, the calculation yields a daily volatility. Scaling this up to an annual volatility, for 

example, requires multiplying it by 250  or the number of trading days in the average year. A 1-day 

VaR is commonly used in-house, but often a different-period 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 of bonds (whether gilts (sovereign bonds) or corporate 

bonds). Since these bonds are in the trading book, and are therefore intended for frequent resale, they 

exhibit embedded market risk the modelling of which was discussed in the previous section (using VaR). 

The credit risk component has, however, been ignored historically in the trading book. This is now 

examined. In this section, the credit risk associated with bond portfolios in the trading book is modelled 

and the associated credit risk capital charges is calculated. In order to determine the underlying credit risk 

of a bond, the counterparties involved need to be assessed. Credit ratings provided by credit or ratings 

agencies provide these data and these were used to estimate the associated credit capital charge (Wiener, 

1997:3). To determine the underlining credit risk associated with the simulated bond portfolios, the IRB 

approach is used to calculate the regulatory capital charge for each of the portfolios.  

Three types of bond portfolios were simulated. The first portfolio type (All bonds) consists of all quality 

bonds ranging from AAA to CCC. The second portfolio type (Investment bonds) comprises bonds with 

ratings from AAA to A while the third (Speculative bonds) comprises bonds from BB to CCC. For every 

portfolio type, 100 different, random simulations were generated, resulting in 100 portfolios with compa-

rable quality bonds for which the market and credit capital charge could be estimated. Each of the 300 

portfolios consisted of 130 randomly simulated bonds. A total of 39 000 bonds were therefore simulated 

for analysis purposes.  

As the bonds in these three portfolio types have different quality ratings, they also have a different associ-

ated level of credit risk. As in banks, each credit rating assigned to a bond is associated with a specific 

PD.  

The PDs of each of the bonds are summarised in Tables 4.3 and 4.4.  

Table 4.3: PDs assigned to high quality, investment bonds 

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, speculative bonds 

BBB+ BBB BBB- BB+ BB BB- B+ B B- CCC 

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 to risk buckets where each bucket contains customers with 

the same level of risk. For each level of risk a one year PD is expressed as a percentage. PD buckets (as 

provided by the BCBS) are standard risk buckets (see Table 4.4) and are used by banks (BCBS, 

2006a:279).  
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The following parameters (introduced in Equation 2.3) are used to calculate the capital charge for credit 

risk:  

%8),,,(required capitalrisk Credit ××= MLGDPDfEAD ρ   (4.21) 

In this calculation, the EAD is a multiplied by a function which derives its value from of the PD, LGD, 

asset correlation (ρ) and maturity (M). The capital is then determined by multiplying the total by 8% 

(specified by Basel II) as indicated in the Equation 2.3 (Lamy, 2006:160). In the attempt to compare the 

market and credit capital charges for all the simulated bonds and portfolios, the exact values of the pa-

rameters used in the VaR calculations for market risk are applied to the equation above (also introduced 

in Equation 2.3) in order to determine the capital charge for credit risk.  

The capital charge for a bond portfolio is the sum of individual capital charges for each underling bond in 

the portfolio. For the purpose of this study, the 100 different portfolios in each of the three types of bond 

portfolios are used to compare capital for credit and market risk.  

The final capital charge is calculated by multiplying the calculated capital by a scaling factor of 1.06. This 

scaling factor is based on the concept of incentivising regulatory capital to encourage risk sensitive devel-

opment of Basel II. The scaling factor could be either more or less than one, hence having a direct impact 

on the IRB capital requirement derived from revised capital framework. The scaling factor used in this 

study is based on data from the Quantitative Impact Study 5 (BCBS, 2007a:3).  

The next step in calculating regulatory capital (K) for the credit risk associated with a bond is to multiply 

the EAD with the calculated unexpected loss (UL) as well as the maturity factor associated with the indi-

vidual bond. To calculate the credit risk capital charge, Equation 4.22, is used: 
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Where: 

� LGD = a downturn LGD required by the BCBS. The specific value of 40% was used and is based on 

the results of the 5th quantitative impact study (BIS, 2007a:30),  

� N = a standard normal distribution,  

� 1−N  = the inverse of the standard normal distribution, and 

� ρ = the asset correlation and calculated according to the prescriptions of the BCBS (2005b:13). The 

equation used to calculate the correlation for corporate bonds to be used in Equation 4.23: 
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Where: 

� x= 50 
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The asset correlation for corporate bonds consists of two limiting correlations: 12% and 24% 

that represent extreme high and low PDs (100% and 0% respectively) and are modelled by an 

exponential weighting function which indicates the dependency on the PD. The pace at which 

the exponential function decreases is determined by a factor, specified by the BCBS, called 

the x-factor. This x-factor has an assigned value of 50 for corporate exposures (BCBS, 

2005b:13).  

� SFMATURITY , is the maturity scale factor. A bank’s credit portfolio consists of instruments with differ-

ent maturities. Short-term credit is less risky than in the long-term resulting in increased capital re-

quirements for credit instruments with higher maturity (BCBS, 2005b:9). The maturity factor is cal-

culated as prescribed by Basel II by using Equation 4.24 specified for bonds: 

))()5.2(1())(5.11( 1
MATURITY PDbMPDbSF ×−+××−= −

  (4.24) 

Where: 

�  PD = determined by the risk buckets in Table 4.3 and 4.4 and b(PD) represents the 

smoothed (regressed) maturity adjustment (smoothed over PDs) and calculated by using 

Equation 4.25 (BCBS, 2005b:11).  

2))log(05478.011852.0()( PDPDb ×−=    (4.25) 

The methodology introduced in this chapter needed to be tested for accuracy by validating the model. 

During this model validation process the capital model used (based on the BCBS standards) in this chap-

ter was tested for accuracy by comparing its calculations to what ISDA (2007:1) calculated. Once the 

model has been validated the methodology will further expanded and discussed. 

The BCBS proposes a holding period of 250 days and ISDA 60 days (both with a 99.9% confidence in-

terval), the validated capital model is used to determine an empirically established, fair holding period for 

the credit exposure in the trading book.  

 

4.5.4 Model validation 

Three types of bond portfolios were simulated for validating the capital model based on the BCBS’ re-

quirements. The results, based on 39 000 bonds were used to validate the model used for capital calcula-

tion in this chapter. The following steps were taken to validate the capital model used: 

i. calculate the original market risk charge (MVaRORIGINAL) prescribed by the BCBS for the bond 

portfolios above,  

ii. calculate the proposed credit risk charge (CVaR) of the portfolio (based in the credit rating of un-

derlying bonds), 

iii.  calculate the new market risk charge (MVaRNEW) due to increased market volatility, 
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iv. calculate the ratio of the increase in capital required under the proposed capital regulations. This 

is expressed using: 

ORIGINAL

NEWRatio
MVaR

 + CVaRMVaR
 =       (4.26) 

v. the calculated ratios which represent capital increases is compared to the findings of ISDA 

(2007:1) which determined that that the total market risk charge (MVaRNEW + CVaR) can treble 

under the new, proposed capital requirements, and 

vi. if the finding of the capital model used in this study is comparable with findings by ISDA 

(2007:5), which conducted a study in conjunction with seven leading international banks in 2007, 

it is confirmation that the assumptions and metrics applied 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 (MVaRORIGINAL) the results found for the different portfolio types are 

summarised in Table 4.5 below. MVaRORIGINAL is expected to remain the same for all three types of port-

folios as the market risk exposure is not affected by the credit rating. 

Table 4.5: MVaR results from the capital model. 

  All bonds  Investment  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 is the total asset value of the randomly simulated portfolio. The EAD is the same for all portfo-

lio types as the same bonds, with different rating were compared, 

� LGD, described in Section 3.3.5, is a downturn LGD and is specified by the BCBS, 

� M represents the average maturity of the bonds in the portfolio. The values summarised in Table 4.5 

for M are also the average maturity of the 100 different portfolios simulated of the specific portfolio 

type and  
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� MVaRORIGINAL is the calculated market value at risk produced by the model. MVaRORIGINAL is identi-

cal as the risk factors for market risk are the same. Only the PDs differed and therefore credit risk will 

have different values across the three asset types. 

 

4.5.4.2 CVaR results 

The results of the proposed credit risk charge (CVaR) of the portfolio (based in the credit rating of under-

lying bonds) is summarised in Table 4.6. 

Table 4.6: CVaR results from capital model. 

BCBS: 1 year   All bonds   Investment    Speculative 

Exposure weighted PD   1.00%   0.12%   2.25% 

CVaR   $57,307,602   $23,181,520   $70,669,648 

Source: Author  

 

4.5.4.2.1 Increase ratio  

The results of the calculated increase in capital that would be required under the proposed 

capital regulations are summaries in Table 4.7. 

Table 4.7: Increase in capital that under the proposed capital regulations. 

BCBS   All bonds   Investment   Speculative 

MVaRORIGINAL   $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   1.5   2.7 

Source: Author 

The results indicate that when using the proposed BCBS approach, the result is a capital in-

crease ranging between 1.5 for high quality bonds to 2.7 for lower quality bonds when com-

pared with the current charge. This illustrates the validity of the model as it is in line with 

ISDA’s estimations which asserted that market risk regulatory capital can be expected to al-

most treble relative to the current VaR-based regime (ISDA, 2007:1). 

 

4.5.4.2.2 Data distributions and risk sensitivity  

The distributions of ratios (MVaRORIGINAL/Total VaR) are illustrated in Figure 4.4 below: 
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Figure 4.4: Distributions of ratios (MVaRORIGINAL/total charge) where: a) All bonds, b) Specula-

tive portfolios & c) investment portfolios. The vertical axis represents the frequency 
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Source: Author 

 

Figures 4.4 a-c above and Figure 4.5 indicate that the model is indeed credit risk sensitive 

with low quality bonds (speculative) resulting in a higher capital increase ratio than good 

quality bonds (investment).  
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Figure 4.5: Distributions of ratios of all, speculative and investment portfolio bonds on the same 

ratio scale 
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Source: Author 

The analysis of IDR’s impact and the fair unwind period 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 investigated in this section by altering some assumptions for the 

model’s input in order to account for different market conditions. The simulated bond portfolios will no 

longer be separated into the three different portfolio types (all bonds, investment and speculative) as this 

section focuses on portfolios of all types of quality bonds. The same metrics as were applied to the above 

mentioned bond portfolios were applied to the 100 bond portfolios comprising of 130 simulated bonds 

each. 

For each of the simulated bonds in the portfolio, the following inputs are known:  

� yield volatility,  

� yield correlations, 

� maturity and 

� durations. 

The regulatory capital requirement for market risk was calculated by using the inputs mentioned above.  

The different steps in calculating the regulatory as well as empirical capital charge is illustrated in Figure 

4.6. The process of calculating these different capital charges is discussed in the next section by referring 

to the different steps in Figure 4.6. Note that the value of "80 days" in block "D" is a result of the analysis 

performed: details of its derivation are reported later in the chapter and in detail in Chapter 5. 
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Figure 4.6: Calculating the Basel II and empirical capital charge (before and after the credit crunch 

for the trading book. 

 
Source: Compiled by the author. 

 

4.5.5.1 MVaR during unstressed (pre credit crunch) conditions (A in Figure 4.6) 

When calculating the current capital charge for market risk, as prescribed by Basel II, the input intro-

duced in Table 4.2 are summarised in Table 4.8 below. 

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 unstressed market conditions (pre credit crunch), are applied to the 

equation in Step A, Figure 4.6, to determine the unstressed market risk capital charge. The market risk 

capital calculation model is used to determine a capital charge for market risk which adheres to the cur-

rent (Basel II) requirements. Based on 13 000 (100 portfolios each comprising 130 bonds) randomly 

simulated portfolios with bonds of varying credit quality, the calculated capital charge for market risk is: 

mMVaR d 6.38$

Unstressed

10
%99 =

48476

     (4.27) 
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For the purpose of simplicity, the MVaR above, as well as all the other values calculated in Figure 4.6 

was normalised (converted to $100). MVaR in Equation 4.28 is therefore equal to $100m instead of 

$38.6m as indicated above. 

mMVaR d 100$

Unstressed

10
%99 =

48476

        (4.28) 

It is important to highlight that this calculated value is based on an unstressed MVaR and does not include 

any of the recent changes to market risk capital charges. 

 

4.5.5.2 The new capital charge by adding the CVaR ( IDR to MVaR)  

The BCBS was not satisfied with the MVaR (A) charge alone as credit risk in the trading book increased 

dramatically in recent times and therefore proposed that the IDR should be added to the capital charge to 

form a new, credit risk sensitive CVaR (C in Figure 4.6) for the trading book. The increased capital 

charge comprises the new stressed MVaR (due to increased market volatility) plus the new CVaR. The 

new trading book capital charge was calculated to determine the required capital. These capital require-

ments were estimated using volatility data extracted from markets still reeling from the effects of the 

worst economic conditions since the economic meltdown of 1929 (Altman, 2008).  

During the 2007-09 credit crunch the interest rate market experienced pressure from two aspects: 

� increased yield volatility and yield correlations (for market risk) 

� increased defaults manifested through increased PDs (for credit risk) 

In the capital calculations a stressed economic environment is considered by calculating a stressed market 

risk capital charge (due to increased volatility and correlations) and a new credit charge (which includes 

the proposed IDR charges).  

 

4.5.5.3 Capital charge during stressed conditions 

For market risk, the yield volatility is stressed to incorporate current market conditions. This is accom-

plished by increasing the yield volatility of 15% (as found by Maitland, 2002:133) for unstressed market 

conditions. Yield volatility in the US (measured since 1960) showed an increase during times of adverse 

economic conditions. This is in line with the view of Borio & McCauley (1996:23) who found than yield 

volatility can increase from 15% to 30% during adverse economic conditions. The yield volatility was 

therefore increased to 25% to reflect a stressed economic environment. 

During adverse market conditions, one of the most important lessons learned from previous financial cri-

ses is that correlation increases (Chang et al, 2008:15). As correlation increased from 0.8 to 1.0 during 

stressed conditions historically (Van Vuuren, 2009), an average correlation of 0.9 was chosen and applied 
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to the stressed MVaR calculation below (Equation 4.34). All the inputs for stressed market conditions are 

summarised in Table 4.9.  

Table 4.9: Inputs for capital charge during stressed conditions 

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) were used to estimate MVaR under stressed conditions (B 

in Figure 4.6). Furthermore, the same selection of 13 000 simulated bonds was used to compare the dif-

ferences in capital charges. The stressed MVaR resulted in a significantly higher charge for MVaR as 

given in Equation 4.29. 

$185m

Stressed

d10
%99 =

48476

MVaR
    (4.29) 

The capital model calculated the credit risk capital charge in the trading book in the same way the bank 

calculates credit risk capital charges for the banking book.41 Using the same portfolio, the credit risk capi-

tal charge (using annual PDs) is calculated (C in Figure 4.6) and is found to be: 

$148m d250
%9.99 =CVaR      (4.30) 

With the capital charges calculated, the two separate charges (MVaR and CVaR) are added together to 

result in the total capital charge for the portfolio of bonds as proposed by the BCBS. 

Total Capital charge (TC) under stressed conditions is therefore: 

}

$334m 

$148mm185$

  4.6) Figure (from

d250
%9.99

Stressed

d10
%99

Stressed

=
+=

+=
+=

CBE

CVaRMVaRTC
48476

   (4.31) 

Comparing this proposed regulatory capital (MVaR + CVaR under stressed conditions) with the preced-

ing regulations (MVaR unstressed) the ratio of capital requirements after the credit crunch to those before 

the onset of the crisis are: 

                                                 
41 It has been assumed that the banks in question were approved to employ the AIRB approach for credit risk in the banking 

book. 
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34.3
m100$

$148mm185$

)4.6 Figurefrom(

Ratio
Unstressed

d10
%99

d250
%9.99

Stressed

d10
%99

Increase

=

+=

+=

+
=

A

CB

MVaR

CVaRMVaR
48476

48476

    (4.32)

 

This implies that the capital charge under the proposed capital calculation requirements is 3.34 times 

more than the original market risk capital requirements. This ratio was increased at a time when banks are 

experiencing one of the most severe economic crises in banking history (Altman, 2008). The ratio is 

therefore higher than it would be during normal (unstressed) market conditions. This is, however, more 

than banks experienced during the current adverse market conditions as the recent finding (Van Vuuren, 

2009) showed that banks reported an increase of, on average, three times the estimated amount (using 

Basel II standards). The proposed amendments therefore result in a larger capital charge than experienced 

by banks in arguable the most stressed economic times in history. The most accurate level (based on em-

pirical data) of capital can be calculated as follows: 

m300$

3)4.6  Figurefrom(

3

Stressed

d10
%99

=
×=
×=

AF

MVaRTC
48476

      (4.33) 

Where: 

� The MVaR is multiplied by three to reflect the market experience during recent months (stressed 

conditions). 

The proposed Equation 4.32 from the BCBS should therefore be adjusted to find the fair level of the 

credit risk capital charge ($112m).42 Some inputs to the capital charge equation cannot, however, be ad-

justed. MVaR, for example, cannot be changed as the inputs (99% confidence interval and 10 day holding 

period) are prescribed by the BCBS. Furthermore, the yield correlation and volatility already been ad-

justed to reflect current economic conditions, they cannot, therefore, be altered again. The only input from 

Equation 4.32 that may be stressed further (or adjusted) is the CVaR component: d250
%9.99CVaR . Even though 

CVaR can be changed, there are still a few inputs in the CVaR (C in figure 4.6) calculations that may not 

be adjusted, such as the EAD, the correlation and the LGD (which is already a downturn measure) . 

The PD may also not be changed per se as PDs are meant to reflect default probabilities as measure 

through the economic cycle. However, the period over which the PDs are measured (i.e. holding period 

for credit risk) could, in principle, be changed. A change 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 and post the crisis is approximately three, this increase ratio 

is applied to Equation 4.32 to proceed with further investigation. 

{

nsobservatiomarket 
from i.e. -y Empiricall

d
%9.99

d10
%9910

%99 3

x
d CVaRMVaR

MVaR
+=

    (4.34)
 

Where: 

� x  =the holding period (in days) for the credit risk component and the following inputs are known: 

� the unstressed MVaR 
48476

Unstressed

d10
%99MVaR  (A in Figure 4.6) 

� the stressed MVaR  
48476

Stressed

d10
%99MVaR  (B in Figure 4.6) 

� the difference ratio of three 

The only unknown in this equation is the holding period for credit risk (x  days in Equation 4.32). 

When substituting the already calculated numbers in Equation 4.32: 

)6.4 ( m112$
3

)6.4 (

3
m185$

m100$

d
%9.99

d
%9.99

d
%9.99

FigureinDCVaR

CVaRB
AFigurefrom

CVaR

x

x
e

x

=

+=

+=

    (4.35)

 

All the values stated above are substituted in Figure 4.7 to illustrate methodology. 

Figure 4.7: The Basel II and empirical capital charge (before and after the credit crunch) 

 
Source: Compiled by the Author 
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Therefore, due to credit risk, the bank therefore lost an amount of $112m if the empirical difference ra-

tio of three is applied. The $112m is thus an empirically calculated loss.  

The only outstanding input is therefore the holding period (x days). The question that needs to be an-

swered is: what value of x  will result in a credit risk capital charge (to reflect the credit risk losses) of 

$112m? If a bank held this amount ($112m) for potential losses, it would have had sufficient capital for 

the losses experienced during the downturn period. The Basel II equation which includes the average 

maturity, the average PD, the downturn LGD and the sum of all the EADs was used to calculate the 

CVaR of $148m. From the simulated bond portfolios the average annual portfolio %78.0=PD  

(measured). This annual PD refers to the CvaR of $148m. However, in order to determine the em-

pirical PD, the average portfolio PD (for the bond portfolios described in this chapter) for a capital 

charge of $112m should be determined.  

The PD should therefore be adjusted in such a way that, when applying it into the Basel II equations, the 

CVaR translate to the empirical loss value of $112m instead of the Basel II prescribed value of $148m. 

The PD can only be adjusted by altering the holding period of 1 year (prescribed by Basel II) to 

an empirical holding period. This can be done by using a reverse-engineered function. Therefore, 

to determine the amount of days that translate to a CVaR of $112m (the empirically calculated loss), the 

following methodology, prescribed by Algorithmics (2006: A6), was used.  

For positions in the trading book, the PD can be scale to a horizon shorter than one year. As a PD which 

is measured over a period less than one-year is difficult to observe, many banks scale the one-year PD 

downward to reflect a shorter period. Assuming the liquidity horizon for this instrument is (e.g.) one 

month, the PD may be scaled down using: 

Not defaulting in one year = surviving 1 year = surviving 252 days 

Thus: 

252
1d1 yNDND =  and d1d1 1 NDD −=    (4.36) 

Where d1D  is the one day probability of default and d1ND  is the one day probability of survival. 

For a period of n  days, Equation 4.36 gives 

n
yn NDND

252

1d =  therefore      

              n
yn NDD

252

1d 1−=         (4.37)  

The calculated vale for n  indicates that the empirical holding period, calculated by using the Basel II 

proposed modelling and actual loss data is 80 days as opposed to the 250 prescribed by the BCBS and 

60 days suggested by ISDA. Therefore, D in Figure 4.6 states the equation to be used to calculate a 
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capital charge based on an empirical extracted holding period which is 80 days for the specific dataset 

used. 

 

4.6 Application of methodology 

This section is a step by step application summary which can be used by any bank with sufficient data to 

extract the empirical holding period.  

Step 1: Know the rules 

Similar to Step 1 in Chapter 3, banks need to determine the exact local and global requirements. Local 

regulators have the authority to use their own national discretionary rules for some areas within Basel II 

and banks need to know exactly what these discretionary rules are. Banks also need to stay updated with 

global requirements as the BCBS may change requirements such as the correlation requirements since the 

time of this analysis. Banks should therefore always examine the most updated version of Basel II for in-

cremental default risk requirements.  

Step 2: Obtain a portfolio for investigation 

Banks need to identify the credit risky portfolio for which they wish to determine the fair level of eco-

nomic capital. These portfolios may consist of a mix of CDSs, credit derivatives, bonds (any instruments 

with a credit risky component, i.e. a possibility of default). Note that equities cannot be included in these 

portfolios. 

Step 3: Measure VaR  

Banks should next measure the standard market risk VaR of the investigated portfolios. This may be 

achieved by using any VaR approach. 

Step 4: Stress the parameters  

Stress the parameters (annual yield volatility and correlations) for the VaR calculation. Historical stresses 

(which may be deemed appropriate to the situations at the time of analysis) should be used. 

Step 5: Measure the credit component of this portfolio 

Measure the credit component of the investigated portfolio using BCBS equations with annual PDs and 

ratings obtained from relevant sources (either internal or external). 

Step 6: Apply worst case scenario to trading book 

Using historical data (or current) determine worst case scenarios in trading book and apply this to portfo-

lio (similar to the factor of three discussed in Section 4.4.1).  
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Step 7: Adjust the PD holding period 

Add values obtained from Steps 4 and 5. If this value does not equal the value obtained in Step 6, adjust 

the PD holding period according to Algorithmics (2006: A6) equation until the values agree. The value of 

the holding period at this point is the empirically calculated holding period. 

Step 8: Calculate the fair level of capital 

Use the empirical holding period to determine the empirical PD to be used for calculating capital. The 

empirical PD can therefore be used in Equation 4.36 (Basel II) to determine a fair level of economic capi-

tal, based on empirical numbers derived from the investigated portfolio instead of the BCBS’s prescribed 

PD which does not consider the bank’s unique holding period, but rather uses a fixed 250 days. 

 

4.7 Conclusions  

This chapter investigated the capital charge for market risk – and more specifically – the trading book. 

The goal of this chapter was to introduce a calculation methodology which may be employed by banks to 

determine a fair level of economic capital for market risk assets with a credit risk component (i.e. the 

trading book). These capital levels should be sufficient to cover losses arising from market and credit 

risks faced by banks. 

In the preceding chapter, asset correlation was investigated as the scientific element to be explored as a 

component of credit risk models. This chapter investigated IDR which represents the credit risk embed-

ded in bank’s trading books. The scientific element investigated in this was the holding period which is 

one of the few components of contemporary risk models which may be altered subject at the practitioner's 

whim. By estimating the accurate holding period for a credit risky portfolio, the fair, empirical allocation 

of economic capital for the trading book may be calculated. Banks can compare this empirically calcu-

lated level of capital with regulatory capital which imposes fixed holding periods for banks. 

This chapter introduced a calculation methodology, which may be applied by any bank, to determine the 

empirical holding period for credit instruments in the trading book. The empirical holding period can then 

be used to calculate a fair level of capital to be held for the trading book, based on the bank’s own unique 

trading book exposures. 

The results for the specific dataset applied to the methodology introduced in this chapter is elaborated on 

and discussed in Chapter 5. Based on the specific data used in this study, a compressive analysis of the 

credit and market risk charges prescribed by the BCBS is done. The implications of the results from 

Chapter 3 and 4 will also be discussed and an opinion, based on empirical findings is expressed in Chap-

ter 5. 
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Chapter 5 

Contribution and results of investigated data 

The assessment of capital adequacy is one of the most critical aspects of bank 
supervision. Economic capital models can provide valuable additional informa-
tion that bankers and examiners can use in their overall assessment of a bank's 

capital adequacy (FDIC, 2004). 
 

5.1  Introduction 

The primary purpose of this study is to introduce calculation methodologies which will allow banks, of 

any size and complexity, to empirically determine their own unique parameters from their own loss ex-

periences. The two preceding chapters each introduced such calculation methodologies. These empirically 

determined parameters could be used by banks to ascertain whether or not the BCBS-specified fixed pa-

rameters ensure that capital requirements are indeed in line with the bank’s own loss experience. Chapters 

3 and 4 provide the calculation methodologies which enable banks to determine fair (i.e. not too punitive 

as to inhibit efficient functioning of the bank and not too lenient as to allow the bank to malfunction in 

times of stressed economic conditions) levels of economic capital which should be sufficient to cover 

losses arising from specifically credit and market risks faced by banks.  

If banks, which applied the methodologies introduced in the two preceding chapters, find that the fixed 

parameters (specified by the BCBS) are too lenient, banks can increase economic capital reserves appro-

priately and if they are too onerous, banks can judge for themselves whether or not prevailing economic 

conditions warrant such capital requirement severity. In either case, banks using these methodologies are 

able to accurately establish their unique, empirical capital requirements. Banks do therefore not blindly 

accept the obscured parameters introduced by Basel II for capital calculations. This chapter will introduce 

a calculation methodology specifically for credit risk.  

In the preceding chapters, Chapter 3 focused on credit risk (under the first pillar of Basel II) and investi-

gated the AIRB which allows banks to choose their own parameters for use in the Basel II specified capi-

tal equations. Within the IRB framework, credit risk was investigated by focusing on the estimation of 

asset correlation. Determining a fair level of economic capital involved an assessment of the empirical 

asset correlation between loan losses and some measure of economic health. Using this empirical asset 

correlation in the Basel II specified equations allows the user to determine a fair level of economic capital 

to be held for credit risk exposures. Asset correlation was deemed important because an incorrect estima-

tion of this value may be detrimental to the management of a bank’s capital requirements (Laurent, 

2004:23). Chapter 3 focused on retail credit risk which has not received sufficient attention thus far: in-

dustry and regulatory resources have always focused more on corporate lending (Ghosh, 2005:3) where 

more abundant data allows for detailed studies. There are thus unexplored opportunities in retail banking 

as banks with a well-defined retail credit risk management strategy are able to realise significant growth 
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in the future (Rao, 2005:7). It is critical that asset correlation is thoroughly understood by banks as it is 

the biggest single driving factor of Basel II (Leighton, 2006). With banks being urged to examine this 

factor more closely, Chapter 3 introduced a calculation methodology which may be used by banks to ex-

tract the empirical asset correlation from their own empirical loan loss data. This application methodology 

is summarised in this chapter. The results of the application of this methodology to 22 years of quarterly 

loan loss data for different retail asset types in US banks are presented in this chapter.  

Chapter 4 extended the investigation (methodology to determine a fair level of economic capital needed 

to compensate for losses arising from risks faced by banks) beyond credit risk (dominant in the banking 

book) and into market risk (prevalent in the trading book). The investigation into (and modelling of) bank 

risks through empirical loss data embraces many 'scientific elements' (Currie, 2004:9). In Chapter 3, asset 

correlation was the scientific element explored as a component of credit risk models. Chapter 4 investi-

gated incremental default risk (IDR) as the scientific element – i.e. the credit risk embedded in the trading 

book. More specifically, the scientific element explored in Chapter 4 is the length of time required to un-

wind a financial credit position (the holding period) without materially affecting underlying asset prices.  

Chapter 4 introduced a calculation methodology, which may be applied by any bank, to determine the 

empirical holding period for credit-risky assets present in the trading book. The empirical holding period 

may be used to calculate a fair level of capital to be held for the trading book based on the bank’s own 

unique trading book exposures. Similar to Chapter 3, the application methodology from Chapter 4 is 

summarised in this chapter. The specific dataset to which the calculation method was applied as well as 

the resulted derived from them, are also discussed in detail in this chapter. 

 

5.2  Chapter layout  

This chapter is presented in two main sections. 

Section 1 summarises the calculation methodologies (introduced in Chapter 3 and 4) into a step-by-step 

application that can be used for capital calculation by banks of any size and complexity. These applica-

tions will enable banks to empirically determine their own parameters from their own, unique loss experi-

ences.  

Section 1 presents the calculation methodology (or application) to extract the empirical asset correlation 

from a set of retail loss data (based on Chapter 3). Banks may use this empirical asset correlation to de-

termine a fair level of economic capital using Basel II credit capital equations. Secondly, Section 1 pre-

sents the application that can be used by banks to calculate their own fair holding period of trading book 

credit exposures (based on Chapter 4). This fair holding period is an important value and could be of stra-

tegic interest to banks who wish to establish fair levels of economic capital for market risk. 

Section 2 uses the capital calculation methodologies introduced in Section 1 and applies these method-

ologies to real, empirical data. This is done to illustrate how the methodologies may be used by practitio-
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ners to determine fair levels of economic capital (based on their own loss data). In Section 2, the results 

derived from the application of the suggested methodologies will also be discussed in detail. The results 

are only reflective of the specific data applied, but this is nevertheless useful for practitioners as it indi-

cate how a bank’s own data may be analysed and interpreted. 

The application of the methodologies, follow in the next section. 

 

5.3  Application of methodologies 

This section summarises the methodologies introduced in Chapter 3 (the extraction of empirical asset cor-

relation from actual loss data and using this to calculate the fair level of economic capital for credit risk) 

and Chapter 4 (the extraction of the fair holding period of trading book credit exposures, based on banks' 

own loss data). 

 

5.3.1 Credit risk 

The application methodology introduced in Chapter 3, is summarised as a 12 step process. Figure 5.1 be-

low illustrates the steps to be followed by banks in order to firstly extract the empirical asset correlation 

from actual loss data (specifically for retail asset types) and then to use this to determine the fair level of 

economic capital. 

 Figure 5.1: Summarised application methodology from Chapter 3 

 

 

 

Step 1: Understand the rules:  

Banks need to determine the exact local and global requirements. 

Step 2: Determine capital charges for each loan type 

Determine the individual capital charge for each loan type using the correlations 

specified by the BCBS, using the equation 3.5 below: 
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Step 3: Obtain the data 

Obtain loan loss data for each category of loan type. This 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 mean (µ) and standard deviation (σ) by 

using elementary statistical methods. 

Step 5: Calculate Alpha (α) and Beta (β)  

Calculating these two values from loss data is possible by using µ and σ obtained 

from step 4. µ & σ are the only two inputs required to calculate  α and β by using 

the following two equations (3.8 and 3.9):   
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Step 6: Generate the beta distribution 

With α and β calculated in step 5, a beta distribution for the loan loss data can be 

generated. As stated in Section 3.4.2, the beta distribution is easy to apply and effec-

tive for this analysis. 

Step 7: Calculate the loan loss value at the correct confidence interval 

Using the beta distribution derived in step 6 and the inverse beta function (BE-

TAINV), ascertain the value at which 0.1% of the loan losses exceed this value (in 

other words, at which point 99.9% of loan losses are less than this value) – this is 

the total loss at 99.9% confidence interval. 

Step 8: Calculate the Expected Loss (EL) 

The average PD is the amount expected to be lost. Therefore, knowing µ (i.e. aver-

age PD) from step 4, it can be used as the EL of the investigated set of data. 

Step 9: Calculate the Net Unexpected loss (NUL) 

The NUL can simply be calculated by subtracting the EL from the total loss. 
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Source: Author 

Figure 5.2 illustrates some of the key steps discussed above. 

 

 

 

 

Step10: Calculate the empirical correlation (ρ) 

 

Substitute the NUL and equations (3.19): 

22 xza +=  

 xyb 2=

22 zyc −=  

Into the equation (3.20) below in order to calculate ρ which is the empirically 

extracted asset correlation: 
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Step 11: Using ρ to calculate the fair level of economic capital 

Use ρ which was extracted in step 10 to determine the fair levels of capital to be 

held for each retail loan class. This step provides the empirical ρ which can then 

simply be used in the prescribed in the Basel II equation (3.5) instead of the 

BCBS’s prescribed correlations used in step 2. The values obtained in this step 

can therefore be seen as the fail levels of economic capital to be held by banks. 
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Step 12: Using different capital charges. 

The capital charges obtained in step 2 and 11 can finally be compared to determine 

if the capital charge prescribed by the Basel II framework is to punitive or insuffi-

cient for the bank analysed. 
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Figure 5.2: Illustration of key steps in the methodology introduced in this chapter  

 
Source: Author 

 

This methodology is the main contribution of Chapter 3 as it is a new application that banks may apply 

not only to extract empirical asset correlations from their loss data, but – more importantly – to calculate 

the fair level of economic capital for credit risk that should be held by banks to protect them against the 

credit risk faced in the different retail asset classes. 

 

5.3.2 Market risk 

The application methodology introduced in Chapter 4, is summarised as an 8 step process which may be 

used by banks to calculate their own unique economic capital for a bond portfolio. Figure 5.3 illustrates 

the steps to be followed by banks in order to calculate their own fair holding period of trading book credit 

exposures, based on their own data. 
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Figure 5.3: Summarised application methodology from Chapter 4 

 

 

 

 

 

Step 1: Understand the rules:  

Banks need to determine the exact local and global requirements. 

Step 2: Obtain portfolio to investigate 

Banks need to identify the credit risky portfolio they want to determine the fair 

level of economic capital for. These portfolios can consist of a mix of CDSs, credit 

derivatives, bonds (any instruments with a credit risky component, i.e. a possibility 

of default). Please note that equities cannot be included in these portfolios.  

Step 3: Measure VaR  

Banks should next measure the VaR of the investigated portfolios. This can be 

done by using the variance-covariance of historical approach. This is done to ob-

tain the price history of the investigated instruments. The VaR value obtained from 

this step should be named “A” (even though this number will not be used during 

the rest of the methodology).   

VaR = A 

Step 4: Stress the parameters  

Stress the parameters (annual yield volatility and correlations) for the VaR calcula-

tion. To do this, historical stresses which can be deemed appropriate to the situa-

tions at the time of analysis should be used. The value of VaR obtained during 

stressed times should be called “B”.   

Stressed VaR = B 

Step 5: Measure the credit component of this portfolio 

Measure the credit component of the investigated portfolio using BCBS equations 

with annual PDs and ratings obtained from relevant sources (either internal or ex-

ternal) This value should be called "C".  

Credit component of investigated portfolio = C 
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Step 6: Apply worst case scenario to trading book 

Using historical data (or current) determine worst case scenarios in trading 

book and apply this to portfolio (similar to the factor 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 can be used in practice.  

Step 7: Adjust the PD holding period 

Using the values obtained from the above steps; add B + C and call this "E".  If the 

value of E does not equal D, adjust the PD holding period according to Algorith-

mics (2006: A6) equation until the value of D and E equal each other. The value of 

the holding period at this point (D=E) is the empirically calculated holding period. 
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Source: Author 

 

The methodology explained above is the main contribution of Chapter 4 as it is a new application that 

banks may apply to calculate the fair level of economic capital that should be held by banks to protect 

them against the market risk faced.  

 

5.4 Results for data used in this study 

This section presents the different results obtained when applying actual data to the proposed methodolo-

gies. 

 

5.4.1 Credit risk results 

A wide range of retail portfolios were used to demonstrate the difference between Basel II and empirical 

asset correlations.  

In order to demonstrate the calculation of economic capital derived from empirical asset correlation, his-

torical net loss empirical data measured on a quarterly basis from 1985 to 2008 were obtained from the 

US Federal Reserve Bank (FED, 2009). From these data the empirical asset correlation was extracted and 

then compared with the asset correlation prescribed by Basel II. The different asset correlations were then 

applied to Basel II's prescribed capital calculation equations. Data for eight different asset types were 

available with at least one asset type in each of the four Basel II categories for retail credit exposures 

namely: residential mortgages, qualifying revolving, high volatility commercial real estate and other retail 

exposures. US data were used as they were the only available data for such a long period and for all the 

individual asset types. Furthermore, the current credit crunch originated in the US credit retail market and 

these data are therefore the most relevant to explore. 

The loss data were investigated to determine if they followed any patterns with economic conditions. In 

Figure 5.4 the relationship between the economic movement and realised losses are illustrated. A correla-

tion of -0.24 indicates that losses tend to be higher in times of unfavourable economic conditions and vice 

versa. However, this low correlation indicates that the co-movement of these variables is, at best, weak. 

 

Step 8: Calculate the fair level of capital 

Use the empirical holding period to determine the empirical PD to be used for cal-

culating capital. The empirical PD can therefore be used in equation 4.22 (Basel II) 

to determine a fair level of economic capital, based on empirical numbers derived 

from the investigated portfolio instead of the BCBS’s prescribed PD which does 

not consider the bank’s unique holding period but uses a fixed 250 days. 
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Figure 5.4: The relationship between actual losses and GDP in the US (1985-2008Q1) 
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Source: U.S. Bureau Economic Analysis, 2008 

 

As the actual losses recorded (US retail (all loans) losses in Figure 5.4) did not follow a consistent 

pattern to analyse, the losses were decomposed into smaller time brackets to assess the correlation of 

the different asset types during different cycles of the economy.  

The data were divided into three decades: the 80s, 90s and 00s. In the 80s losses were mostly increas-

ing, in the 90s mostly decreasing and in the 00s mostly consistent. The Beta distributions for these pe-

riods are illustrated in Figure 5.5 below. Note that 1980s data were not available for all asset classes.  
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Figure 5.5: Beta distributions over multiple periods (vertical axis = probability density; horizon-

tal axis =loss (%) 
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Source: Author 

The different loan types have been grouped together according to the four asset groups (residential mort-

gages, qualifying revolving exposures, high volatile commercial real estate (HVCRE) and other retail ex-

posures) defined by Basel II. The results indicate that over time, loss distributions varied considerably. 

There is no discernible pattern between asset types over the observed time scale.  

The different loan types and correlation comparison are presented next. 

 

5.4.1.1 Correlations comparison: Basel II vs. Empirical correlation 

A comparison between Basel II's specified correlations and those obtained empirically follows in this sec-

tion. Tables 5.1 to 5.4 shows the PD as well as the different correlations obtained from Basel II and em-

pirical methods for all the different asset types. The different correlations are also illustrated in Figures 

5.6 to 5.13. 

 

5.4.1.1.1 Residential Mortgages 

As asset correlation with a fixed value of 15% is reasonably consistent with the available evi-

dence for U.S. residential mortgages. However, the empirical results show that the fixed correla-
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tion of 15% specified by Basel II is considerably higher (15%) that what was experienced by 

banks (on average 4%) since 1990 for single family residential mortgages (Calem & Follain, 

2003;20). 

Table 5.1: Correlations comparison for Single family residential 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 II correlation 15.00% 15.00% 15.00% 
Source: Author 

Figure 5.6: Correlation comparison for single family residential mortgages 
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Source: Author 

 

5.4.1.1.2 Qualifying Revolving exposures 

Asset correlations are fixed at 4% for qualifying revolving retail exposures by Basel II. Basel II’s 

values have been found to be particularly conservative for credit card exposures (Gore, 

2006:161). The empirical asset correlation results obtained confirm these observations: empirical 

correlations were consistently lower than those specified by Basel II over all investigated periods. 

Table 5.2: Correlations comparison for credit card loans 

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 II correlation 4.00% 4.00% 4.00% 4.00% 

Source: Author 
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Figure 5.7: Correlations comparison for credit card loans 
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Source: Author 

 

5.4.1.1.3 High volatility commercial real estate 

Commercial real estate, classified as High Volatility Commercial Real Estate, has the highest cor-

relation for both Basel II and empirical results. The most important finding for this asset type is 

that the Basel II correlation is, like in the first two asset types, consistently higher than the em-

pirical values. 

Table 5.3: Correlations comparison for Commercial real 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 II correlation 20.72% 29.00% 17.34% 

Source: Author 

 

Figure 5.8: Correlations comparison for commercial real estate loans 
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Source: Author 

 

 



 

 137 

5.4.1.1.4 Other retail exposures 

For other retail exposures, empirical asset correlation was lower than what is prescribed by Basel 

II.  

Table 5.4: Correlations comparison for other retail exposures 

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 II 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 II 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 II 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 II 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 II correlation 10.21% 9.85% 11.13% 9.14% 

Source: Author 

 

Figure 5.9: Correlations comparison for business loans 
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Source: Author 
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Figure 5.10: Correlations comparison for lease financing receivables 
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Source: Author 

 

Figure 5.11: Correlations comparison for loans secured by real estate 
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Source: Author 

 

Figure 5.12: Correlations comparison for consumer loans 
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Source: Author 
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Figure 5.13: Correlations comparison for other consumer loans 
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Source: Author 

 

The results indicate that in all investigated retail asset classes, over all different time periods, the pre-

scribed retail asset correlations from Basel II are higher than those derived empirically. 

As indicated in the ASRF investigation earlier, under the advanced IRB approach, Basel II allows 

banks to calculate inputs to the provided equation for capital calculation. However, two factors are 

implicitly given by the Basel II formula, the confidence interval of 99.9% and asset correlation 

(Altman & Sabato, 2005:22). As the asset correlation was shown to be higher than specified by Basel 

II, the question arises as to what the BCBS’s motivation for this could be. In other words, why does 

Basel II assume that (on average and among all the investigated asset classes) assets are more corre-

lated that they proved to be over the last 23 years? Leighton (2006) asserted that the asset correlation 

is a critical factor and the biggest single driving factor of Basel II. In addition some academics and 

risk managers claim that Basel II correlations are overly conservative and usually lead to higher capi-

tal charges (Gore, 2006).  

When using the prescribed Basel II equation in calculating regulatory capital for credit risk, changing 

correlation assumptions has a significant large impact on required capital (Wood, 2008:32). The im-

pact of asset correlation on capital was therefore identified as an important point of investigation to 

determine the impact on the capital banks are required to hold under Basel II considering the large 

differentiation between empirical and Basel II correlation. The impact of asset correlation on the capi-

tal charge is discussed next. 

 

5.4.1.2 Effect of correlation on capital charge 

Estimation of correlations is a difficult exercise however it is ultimately crucial for economic 
capital calculation (Chernih et al, 2006:13). 

The results obtained in the previous section were used to calculate the unexpected loss (UL) for all 

investigated retail asset classes but from two different perspectives. Firstly, the Basel II UL is calcu-

lated using the fixed Basel II correlation factors. Then the empirical UL is calculated using identical 
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inputs as for the Basel II UL, however, instead of using the Basel II correlations, the calculated em-

pirical correlations were used.  

To determine whether the Basel II specified correlations are actually contributing to a fair capital 

charge the capital charge calculated by using the Basel II and empirical ULs respectively were com-

pared for all asset types. The findings are summarised in Tables 5.5 to 5.8 below. 

 

5.4.1.2.1 Residential Mortgages 

Table 5.5: Regulatory Capital comparison for Residential mortgages 

Single family residential mortgages 1985-2008 2000-2008 2000-2008 

Empirical UL (a) 0.56% 0.80% 0.80% 

Basel II UL (b) 2.37% 2.52% 2.52% 

LGD 100% 100% 100% 

EAD 1,000,000 1,000,000 1,000,000 

Basel II 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 Qualifying 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 II 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 II capital  105,368  93,442  105,391  86,072  

Empirical capital  39,135  36,485  28,210  12,900  

Difference in capital 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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5.4.1.2.3 High Volatile Commercial Real Estate 

Table 5.7: Regulatory Capital comparison for 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 II UL (b) 7.27% 2.01% 8.27% 

LGD 100% 100% 100% 

EAD 1,000,000 1,000,000 1,000,000 

Basel II 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) 1.5 4.0 1.6 

Source: Author 

 

5.4.1.2.4 Other retail exposures 

Table 5.8: Regulatory Capital comparison for Other retail exposures 

Business loans 1985-2008 2000-2008 1990-2000 1985-1990 

Empirical UL (a) 2.51% 2.79% 2.86% 0.62% 

Basel II 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 II 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 II 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 II 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 1985-1990 

Empirical UL (a) 1.84% 0.62% 2.39% 0.42% 

Basel II 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 II capital 45,423 17,428 51,779 51,040 

Empirical capital 18,371 6,183 23,899 4,220 
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Difference in capital 27,052 11,245 27,880 46,820 

Ratio (a:b) 2.5 2.8 2.2 12.1 
Consumer loans 1985-2008 2000-2008 1990-2000 1985-1990 

Empirical UL (a) 2.16% 1.34% 1.51% 0.66% 

Basel II UL (b) 7.58% 7.09% 7.56% 7.26% 

LGD 100% 100% 100% 100% 

EAD 1,000,000 1,000,000 1,000,000 1,000,000 

Basel II capital 75,781 70,895 75,625 72,570 

Empirical capital 21,597 13,389 15,056 6,621 

Difference in capital 54,184 57,506 60,569 65,950 

Ratio (a:b) 3.5 5.3 5.0 11.0 
Other consumer loans 1985-2008 2000-2008 1990-2000 1985-1990 

Empirical UL (a) 1.26% 0.99% 0.79% 0.28% 

Basel II UL (b) 6.79% 5.92% 6.53% 6.38% 

LGD 100% 100% 100% 100% 

EAD 1,000,000 1,000,000 1,000,000 1,000,000 

Basel II capital 67,911 59,191 65,279 63,756 

Empirical capital 12,593 9,910 7,855 2,766 

Difference in capital 55,318 49,281 57,424 60,990 

Ratio (a:b) 5.4 6.0 8.3 23.1 

Source: Author 

The results stated above are summarised in Figure 5.14 below. 

Figure 5.14: Ratio of Basel II vs. empirical (economic) capital 
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Source: Author 

 

Based on US retail data (1985-2008Q1), the major finding on asset correlation is that Basel II correlation 

assumptions resulted in a ×≈ 3.3  higher level of required regulatory capital than capital required using 

empirical asset correlations. It is possible that the high levels of correlation stem from Basel II's conserva-
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tive levels of required capital. As Basel II does not make reference to the exact details regarding the 

BCBS’s thinking in the IRB framework, the reason is not explicit. It is not difficult to argue that some 

retail areas are exposed to an over-conservative correlation requirement (Dev, 2006:67). The required 

regulatory capital for lower quality retail products – such as credit cards – are problematic and set at lev-

els that are "too conservative" and "not reflective of what empirically happens in banks" (Dev, 2006:68). 

These conclusions have been confirmed by the empirical findings reported in this chapter: credit cards 

have a regulatory capital requirement of ×≈ 7.2 more than typically required in a bank.  

This study builds on the results of Dev (2006:66) who argued that an overall assumption about conserva-

tive levels of correlation in Basel II is difficult to prove. The empirical findings prove that it is not diffi-

cult to draw these conclusions as regulatory capital charges are ×≈ 3.3  more that empirically-calculated 

capital charges. The findings also indicate that for all investigated retail asset classes, the Basel II charge 

was considerably more than the empirical results.  

Inaccurate asset correlations might be misleading for credit risk (Laurent, 2004:1). Vague, inaccurate and 

conservative correlation assumptions by regulators pose a potential threat for banks as incorrect capital 

allocation does not contribute to optimisation of their regulatory capital within the financial system. To 

hold excess capital that cannot be explained empirically or conceptually by regulators complicates model-

ling for banks as they do not exactly know why correlation, with higher capital effect, is fixed by the 

BCBS. If banks wish to calculate a fair capital charge under Basel II, this needs to be negotiated with 

BCBS as was done in the past to determine why this level of conservatism is has been built into the 

framework. The significant difference between Basel II and empirical capital proved in this study makes 

this an imperative topic which banks should consider in future negotiations with the BCBS. Dev 

(2006:67) notes that there is not much likelihood of change in Basel II asset correlation functions in the 

immediate future. These results raise questions about why the BCBS set correlations at a level which are 

consistently (and considerably) higher and therefore more conservative that what is observed in the mar-

ket.  

 

5.4.2 Market risk results  

Different elements, requirements, proposals and results for capital charge in the trading book were dis-

cussed in Chapter 4. Using the calculation methodology introduced (and the data described) in this study 

(Chapter 4), the main conclusion of Chapter 4 was that the BCBSs current proposal for trading book capi-

tal charges, which include the current market risk charges as well as additional IDR charges, are too con-

servative.  

This statement is based on the different holding periods investigated in Chapter 4 (Basel II, ISDA and 

empirical):  

� The Basel II holding period was determined based on the document released for public comments 

which introduced guidelines for computing capital for IDR in 2007. The proposed guidelines were in-
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troduced to banks as the market risk charge at the time was not sufficient to cover losses. According 

to the BCBS (2007b), the increased losses that occurred during market turmoil that started in 2007 

did not arise from actual defaults, but rather from credit migrations combined with widening of credit 

spreads and the loss of liquidity. 

� The ISDA holding period refers to the alternative proposal put forward by ISDA which recommended 

that the requirement of a 99.9% confidence interval over a full year holding period for credit risk as-

sets in the trading book was too onerous and should be reduced to a 60-day holding period with the 

same confidence interval.  

� The empirical holding period refers to the empirical calculated holding period derived from a ran-

domly generated bond portfolio (explained below). This holding period therefore refers to an empiri-

cal holding period which can be calculated by any bank based on actual data. 

The results, discussed in the section, are summarised in Figure 5.15 below. 

Figure 5.15: Results obtained from investigated data (13000, randomly simulated bonds) 

 
Source: Author 

 

5.4.2.1 Portfolio generation  

Monte Carlo simulations were not the best option for VaR calculations in this study as sufficient histori-

cal data of the significant market factors were not available. This is explained in more detail in Chapter 4 

which investigated different options for VaR calculations. However, for portfolio construction, Monte 

Carlo simulations are not bound to historical data and users of this method are free to select any distribu-

tion believed to accurately describe market price movement. Portfolios may be built by randomly select-

ing the dimensions of a single asset and then randomly adding simulated assets together (Satchwell & 
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Scowcroft, 2003:168). In order to analyse market risk charges for banks the Monte Carlo Simulation 

method to simulate random bond portfolios was used. During this study 13000 bonds were simulated us-

ing relevant and possible maturities, yield volatilities, durations and yields. In order to determine the mar-

ket risk capital charge, the VaR was then calculated according to Basel II. Figure 5.16 below illustrates 

the different holding periods with their reference scaling factors. 

Figure 5.16: Different holding periods with reference scale factors. Vertical axis = unwind period (days); 

horizontal axis = scale factor (increase in capital pre and during credit crunch). 
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Source: Author. 

 

Where: 

� ISDA: Holding period = 60 days with scaling factor of 2.9 

� Empirical: Holding period = 80 days with scaling factor of 3 

� Basel II: Holding period = 250 days with scaling factor of 3.43 

From Figure 5.16 it is clear that the Basel II proposal to calculate IDR with a holding period of 250 days 

is very conservative as it results in a much larger capital charge than for empirical data (discussed later in 

this chapter). Empirical results indicate that a holding period of 80 days would have been sufficient to 

cover the losses banks recently experienced (i.e. in a time of severely stressed market conditions).   

If the results had indicated that 250 days were indeed in line with bank empirical conclusions, the use of a 

250d holding period would be justified from a capital perspective. However, if banks are overcapitalised 

in current (highly stressed) market conditions, they are significantly overcapitalised when market condi-

tions return to normal. As the proposed IDR charge does not only apply to unfavourable market condi-

tions, but is required during all phases of the economic cycle, it will become increasingly unrealistic and 

over-conservative as economic conditions recover from the current extreme state, hence increasing the 

reputational obligation for banks. 
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ISDA's proposal of 60 days for the credit risky holding period has been shown to be too lenient. Although 

the results obtained in this study agree with ISDA's conclusions (that the BCBS is too conservative and 

will overcharge banks considerably, especially when market conditions start to improve), it was found 

that ISDA's proposals suggest insufficient capital. If banks held capital corresponding to ISDA's 60-day 

unwind period suggestion, they would be undercapitalised in current (stressed) conditions. During normal 

conditions, ISDA’s proposed capital levels might be sufficient, but might fail if adverse market conditions 

return. From a capital (and empirical) perspective this study concludes that the BCBS regulatory capital 

requirements are unrealistic high – even in extreme conditions – and ISDA is insufficiently realistic as 

stressed economic conditions appear to have been ignored. 

From a market point of view, further conclusions may be drawn from these findings. The holding period 

should be compared to that which is currently (2009) being experienced in the market. The real peak of 

the 2007-09 credit crunch was during mid-September 2008 (Standard & Poors: 2008). The assumption 

embedded in ISDA's suggestion of a 60-day holding period, is that banks are able to unwind and recover 

liquidity within three months. According to the ISDA suggestions, therefore, liquidity issues should have 

been resolved by mid-December 2008, something that did not occur in practice (The New York Times, 

2009). This has raised questions about the relevancy of ISDA's proposals when applied to actual market 

conditions. Again it appears that ISDA neither anticipated nor incorporated potential adverse market con-

ditions into their proposals. The results obtained from this study thus disagree with ISDA's conclusions. 

This study agrees with ISDA that the holding period of 250 days by the BCBS is too conservative, how-

ever, the empirical unwind period of 80 days (about 4 months) proved to be much more accurate to hold-

ing positions and return liquidity than ISDA's 60 days. These conclusions were drawn from including the 

effect of incremental default risk on regulatory capital for the trading book by calculating and comparing 

the holding period during adverse market conditions: this is a major empirical advancement. The effect of 

these different holding periods are illustrated in Figure 5.17 below where the different capital charges to 

are expressed as an amount that needs to be held for each dollar in the portfolio. It is also expressed for 

different maturities. 
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Figure 5.17: Capital requirements for different maturities (average of all credit ratings) – Vertical 

axis=maturity (years); Horizontal axis=Capital charge required for $1 ($). 
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Source: Author. 

 

Figure 5.17 indicates that the capital charge estimated using Basel II’s 250-day holding period is consis-

tently too conservative when compared with the empirical (80-day) unwind period. The ISDA holding 

period (60-days), in contrast, is too lenient as compared with the empirical findings. This pattern (Basel II 

too conservative and ISDA too lenient) was consistent over the different maturities investigated.  

Figure 5.17 also illustrates that the empirical capital charges are more in line with industry (ISDA’s) view 

than with Basel II view. Another important finding is that capital charges are consistently higher for 

longer maturities which prove correctness of methodology as the longer the maturity of a bond the more 

risky it is. 

In Figure 5.18 below the capital requirements for different maturities are illustrated by examining the dif-

ference between capital charges for each of the individual credit ratings used in the investigated dataset. 

Figure 5.18: Capital requirements for different maturities for all credit ratings – vertical axis = matur-

ity (years); vertical axis=capital charge required for $1 ($); horizontal axis = credit rating. 
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Source: Author. 

 

Based on the above five graphs presented in Figure 5.18, the next figure summarises the difference in 

capital charge between the three investigated approaches. 
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Figure 5.19: Difference between capital charges for all credit ratings - vertical axis = difference in capi-

tal charge (%); horizontal axis = maturity (years). 
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Source: Author. 

 

Figure 5.19 above illustrates the difference in capital charge between the three investigated approaches 

and was calculated by using Equation 5.1 below: 

BII

BIIEMP
EMPBII

−=−
     (5.1) 

This equation illustrates the difference in capital charge between the Basel II (250 days holding period) 

capital charge and the empirically calculated capital charge (80 days holding period). The same compari-

son was done for Basel II vs. ISDA and ISDA vs. Empirical. This comparison was, similar to Figure 5.17, 

calculated over different maturities. 

The results derived from these comparisons indicate that there is consistently (over different maturities) a 

significant difference between the capital charge prescribed by Basel II and empirical capital charges. A 

similar difference was observed between Basel II and ISDA’s prescribed capital calculations. Figure 5.19 

also shows that there is a consistently smaller difference between the empirical calculated capital charge 

and ISDA's capital charge which again supports the fact mentioned earlier that the empirical findings are 

more in line with industry views than with Basel II’s.  

The linear trends shown in Figure 5.19 represent an interesting finding. The trend lines shows that the 

difference in capital charges between the three calculation methods (Basel II’s, ISDA’s and empirical) 

becomes smaller over time. This indicates that Basel II’s capital charges are the most punitive for assets 
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with a shorter maturity. This might indicate that Basel II does not encourage liquidity in a bond portfolio 

as assets with a longer maturity might have a more fair capital charge. 

Even though these results cannot be viewed as a general characteristic of Basel II's credit-risky capital 

requirements, it indicates that a bank should have a more fair capital charge for assets with longer maturi-

ties. The application introduced can therefore not only be used for the calculation of the empirical holding 

period and capital charge, but has an added advantage of determining the way in which a bond portfolio 

can be structured to receive a more fair regulatory capital treatment. 

Figures 5.20 to 5.24 below illustrate the difference in capital charge between the three investigated ap-

proaches for each of the individual credit ratings used in the investigated dataset. The findings are illus-

trated for each of the investigated maturities.  

Figure 5.20: Difference between capital charges for all ratings (1 year maturity) – All vertical axis = dif-

ference in capital charge (%); horizontal axis = credit rating. 
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Source: Author. 
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Figure 5.21: Difference between capital charges for all ratings (2 year maturity) – All vertical 

axis=difference in capital charge (%); horizontal axis = credit rating. 
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Source: Author. 

 

Figure 5.22: Difference between capital charges for all ratings (3 year maturity) – All vertical 

axis=difference in capital charge (%); horizontal axis = credit rating 
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Source: Author. 
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Figure 5.23: Difference between capital charges for all ratings (4 year maturity) – All vertical 

axis=Difference in capital charge (%); Horizontal axis=Credit rating. 

BII-EMP: 

EMP-ISDA:

BII-ISDA:

AAA AA A+ A- BBB BB+ BB- B CCC

M=4

-70%

-50%

-30%

-10%

AAA AA A+ A- BBB BB+ BB- B CCC

M=4

-70%

-50%

-30%

-10%

AAA AA A+ A- BBB BB+ BB- B CCC

M=4

 
Source: Author. 

 

 

Figure 5.24: Difference between capital charges for all ratings (5 year maturity) – All vertical 

axis=difference in capital charge (%); horizontal axis = credit rating. 
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Source: Author. 
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Tables 5.9 to 5.13 below present the underlying data upon which all the results presented in Section 5.4.2 

(Figures 5.17 to 5.24) were based.  

Table 5.9: Capital charges and difference between approaches for 1 year maturity bonds. 

BII WS ISDA BII-WS WS-ISDA BII-ISDA

AAA 0.0057 0.0022 0.0018 -60.9% -19.5% -68.5%

AA+ 0.0085 0.0034 0.0027 -60.0% -19.1% -67.7%

AA 0.0141 0.0059 0.0048 -58.4% -18.6% -66.1%

AA- 0.0160 0.0067 0.0055 -57.9% -18.4% -65.6%

A+ 0.0261 0.0117 0.0096 -55.2% -17.6% -63.1%

A 0.0347 0.0164 0.0136 -52.8% -16.9% -60.8%

A- 0.0393 0.0191 0.0159 -51.5% -16.6% -59.5%

BBB+ 0.0484 0.0249 0.0210 -48.5% -15.8% -56.6%

BBB 0.0552 0.0299 0.0254 -46.0% -15.1% -54.1%

BBB- 0.0616 0.0349 0.0299 -43.4% -14.4% -51.5%

BB+ 0.0651 0.0378 0.0325 -41.9% -14.0% -50.0%

BB 0.0722 0.0441 0.0383 -38.9% -13.0% -46.9%

BB- 0.0779 0.0492 0.0432 -36.8% -12.3% -44.5%

B+ 0.0828 0.0536 0.0474 -35.3% -11.6% -42.8%

B 0.0915 0.0606 0.0542 -33.8% -10.5% -40.8%

B- 0.0994 0.0660 0.0596 -33.6% -9.8% -40.1%

CCC 0.1681 0.1097 0.0985 -34.7% -10.2% -41.4%

Average 0.0569 0.0339 0.0296 -46.5% -14.9% -54.1%

Capital Charge - M=1y

Difference between approachesCapital charges for $1

 

Source: Author. 

Table 5.10: Capital charges and difference between approaches for 2 year maturity bonds. 

BII WS ISDA BII-WS WS-ISDA BII-ISDA

AAA 0.0092 0.0044 0.0037 -52.3% -14.7% -59.3%

AA+ 0.0127 0.0060 0.0051 -52.6% -15.2% -59.8%

AA 0.0196 0.0093 0.0079 -52.3% -15.4% -59.7%

AA- 0.0219 0.0105 0.0089 -52.0% -15.4% -59.4%

A+ 0.0336 0.0167 0.0142 -50.2% -15.2% -57.8%

A 0.0431 0.0223 0.0190 -48.2% -14.8% -55.9%

A- 0.0481 0.0255 0.0218 -47.0% -14.5% -54.7%

BBB+ 0.0577 0.0322 0.0277 -44.2% -13.9% -51.9%

BBB 0.0648 0.0377 0.0327 -41.8% -13.4% -49.6%

BBB- 0.0713 0.0433 0.0377 -39.3% -12.8% -47.0%

BB+ 0.0748 0.0464 0.0407 -37.9% -12.4% -45.6%

BB 0.0818 0.0532 0.0470 -35.0% -11.6% -42.5%

BB- 0.0873 0.0586 0.0522 -32.9% -10.8% -40.2%

B+ 0.0921 0.0631 0.0566 -31.5% -10.2% -38.5%

B 0.1006 0.0702 0.0637 -30.2% -9.3% -36.7%

B- 0.1084 0.0757 0.0692 -30.2% -8.5% -36.1%

CCC 0.1757 0.1186 0.1075 -32.5% -9.3% -38.8%

Average 0.0649 0.0408 0.0362 -41.8% -12.8% -49.0%

Capital Charge - M=2y

Difference between approachesCapital charges for $1

 

Source: Author 
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Table 5.11: Capital charges and difference between approaches for 3 year maturity bonds. 

BII WS ISDA BII-WS WS-ISDA BII-ISDA

AAA 0.0126 0.0065 0.0057 -48.4% -13.1% -55.1%

AA+ 0.0169 0.0086 0.0075 -49.0% -13.6% -55.9%

AA 0.0251 0.0128 0.0110 -48.9% -14.0% -56.0%

AA- 0.0278 0.0143 0.0123 -48.7% -14.0% -55.9%

A+ 0.0410 0.0217 0.0187 -47.0% -13.9% -54.4%

A 0.0515 0.0283 0.0244 -45.0% -13.6% -52.5%

A- 0.0569 0.0319 0.0277 -43.8% -13.3% -51.3%

BBB+ 0.0671 0.0395 0.0345 -41.1% -12.8% -48.6%

BBB 0.0744 0.0456 0.0400 -38.7% -12.2% -46.2%

BBB- 0.0809 0.0517 0.0456 -36.2% -11.7% -43.6%

BB+ 0.0844 0.0551 0.0489 -34.7% -11.3% -42.1%

BB 0.0914 0.0623 0.0557 -31.9% -10.5% -39.0%

BB- 0.0968 0.0680 0.0613 -29.8% -9.8% -36.7%

B+ 0.1015 0.0726 0.0659 -28.5% -9.2% -35.1%

B 0.1098 0.0799 0.0733 -27.2% -8.3% -33.3%

B- 0.1175 0.0854 0.0789 -27.3% -7.6% -32.8%

CCC 0.1834 0.1275 0.1165 -30.5% -8.6% -36.5%

Average 0.0729 0.0477 0.0428 -38.6% -11.6% -45.6%

Capital charges for $1 Difference between approaches

Capital Charge - M=3y

 

Source: Author. 

Table 5.12: Capital charges and difference between approaches for 4 year maturity bonds 

.

BII WS ISDA BII-WS WS-ISDA BII-ISDA

AAA 0.0161 0.0087 0.0076 -46.1% -12.2% -52.7%

AA+ 0.0212 0.0113 0.0098 -46.8% -12.8% -53.6%

AA 0.0306 0.0163 0.0142 -46.7% -13.2% -53.7%

AA- 0.0337 0.0180 0.0156 -46.5% -13.2% -53.5%

A+ 0.0485 0.0268 0.0233 -44.8% -13.1% -52.0%

A 0.0598 0.0342 0.0299 -42.8% -12.8% -50.1%

A- 0.0656 0.0384 0.0336 -41.5% -12.5% -48.9%

BBB+ 0.0764 0.0468 0.0412 -38.7% -12.0% -46.1%

BBB 0.0839 0.0535 0.0474 -36.3% -11.5% -43.6%

BBB- 0.0906 0.0600 0.0535 -33.7% -10.9% -40.9%

BB+ 0.0941 0.0637 0.0570 -32.3% -10.5% -39.4%

BB 0.1010 0.0714 0.0644 -29.3% -9.7% -36.2%

BB- 0.1063 0.0773 0.0703 -27.3% -9.1% -33.8%

B+ 0.1108 0.0821 0.0752 -25.9% -8.5% -32.2%

B 0.1189 0.0895 0.0828 -24.7% -7.5% -30.4%

B- 0.1265 0.0950 0.0885 -24.9% -6.8% -30.0%

CCC 0.1911 0.1364 0.1256 -28.6% -8.0% -34.3%

Average 0.0809 0.0547 0.0494 -36.3% -10.8% -43.0%

Capital Charge - M=4y

Capital charges for $1 Difference between approaches

 

Source: Author. 
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Table 5.13: Capital charges and difference between approaches for 5 year maturity bonds. 

BII WS ISDA BII-WS WS-ISDA BII-ISDA

AAA 0.0195 0.0108 0.0095 -44.7% -11.7% -51.2%

AA+ 0.0254 0.0139 0.0122 -45.3% -12.3% -52.0%

AA 0.0362 0.0198 0.0173 -45.1% -12.7% -52.1%

AA- 0.0396 0.0218 0.0190 -44.9% -12.7% -51.9%

A+ 0.0559 0.0318 0.0278 -43.1% -12.5% -50.3%

A 0.0682 0.0402 0.0353 -41.1% -12.2% -48.3%

A- 0.0744 0.0448 0.0394 -39.8% -12.0% -47.0%

BBB+ 0.0857 0.0541 0.0479 -36.9% -11.4% -44.1%

BBB 0.0935 0.0614 0.0547 -34.3% -10.9% -41.5%

BBB- 0.1003 0.0684 0.0614 -31.7% -10.3% -38.8%

BB+ 0.1038 0.0724 0.0652 -30.2% -9.9% -37.2%

BB 0.1105 0.0804 0.0731 -27.2% -9.1% -33.9%

BB- 0.1157 0.0867 0.0793 -25.1% -8.5% -31.4%

B+ 0.1202 0.0917 0.0845 -23.7% -7.9% -29.7%

B 0.1281 0.0992 0.0923 -22.6% -6.9% -27.9%

B- 0.1355 0.1047 0.0982 -22.7% -6.2% -27.5%

CCC 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%

Capital charges for $1 Difference between approaches

Capital Charge - M=5y

 

Source: Author. 

Banks may compare their own results with the data in these tables above as guidance for their own data.  

This chapter concludes with a summary of the applications and results of this chapter. 

 

5.5  Conclusion 

This chapter was presented in two main sections.  

Section 1 was an application section (primary purpose of this study) which summarised the calculation 

methodologies (introduced in Chapter 3 and 4) into a step-by-step application that can be used for capital 

calculation by banks of any size and complexity. These applications enable banks to empirically deter-

mine their own parameters from their own, unique loss experiences. Section 1 presented a calculation 

methodology to extract the empirical asset correlation from a set of retail loss data (based on Chapter 3) 

as well as a calculation methodology that can be used by banks to calculate their own fair holding period 

of trading book credit exposures (based on Chapter4). 

These two, empirically determined, parameters (asset correlation for credit risk and holding period for 

trading book credit exposures) can be used by banks to determine a fair level of economic capital 

Section 2 used the capital calculation methodologies introduced in Section 1 and applied data to each of 

the methodologies. This was be done to illustrate how the methodologies, introduced in this study, can be 

used by practitioners to determine fair levels of economic capital (based on their own loss data). In Sec-

tion 2, the results of the specific data (applied to the methodologies) were also discussed. 
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This chapter concludes with a discussion on the presented applications and results. 

 

5.5.1 Presented application  

Chapter 3 and 4 of investigated the primary purpose of this study which is to introduce calculation meth-

odologies which will allow banks, of any size and complexity, to empirically determine their own unique 

parameters from their own loss experiences. This was done in the two preceding chapters and the above 

mentioned, empirically calculated parameters, will allow banks to ascertain whether or not the BCBS-

specified fixed parameters ensure that capital requirements are indeed in line with the bank’s own loss 

experience. Banks can therefore, by applying the capital calculation methodologies introduce in this 

study, determine fair levels of economic capital which is sufficient to cover losses arising from specifi-

cally credit and market risks faced by banks.  

If a bank finds that the fixed parameters (as specified by the BCBS) are too lenient, the bank can increase 

economic capital reserves. If, however, a bank finds that the fixed parameters are too onerous, the bank 

can judge for itself whether or not prevailing economic conditions warrant such capital requirement se-

verity. In either case, the bank using these methodologies is able to accurately establish its unique, em-

pirical capital requirements.  

Chapter 3 focused on credit risk and investigated the AIRB by focusing on the estimation of an empirical 

asset correlation. Using this empirical asset correlation in Basel II specified equations allows the user to 

determine a fair level of economic capital to be held for credit risk exposures. Chapter 3 specifically fo-

cussed on retail credit risk which has not received sufficient attention as industry and regulatory resources 

have always focused more on corporate lending (Ghosh, 2005:3). The calculation methodology intro-

duced in Chapter 3 was summarised in this chapter as an application to be used by any bank who which to 

extract their own empirical asset correlation from retail loss data in order to determine an empirical capi-

tal charge for these credit risk assets.  

Chapter 4 extended the investigation (methodology to determine a fair level of economic) beyond credit 

risk (dominant in the banking book) and into market risk (prevalent in the trading book). Chapter 4 inves-

tigated incremental default risk (IDR) as the scientific element – i.e. the credit risk embedded in the trad-

ing book. More specifically, the length of time required to unwind a financial credit position (the holding 

period) without materially affecting underlying asset prices. This calculation methodology or application 

to determine the a fair economic capital charge via the empirical holding period for credit instruments in 

the trading book was summarised in this chapter.  

 

5.5.2 Results  

The specific dataset, to which this application was applied, as well as the resulted derived from them, was 

also discussed in detail in this chapter. 
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To the credit risk application (introduced in Chapter 3) US retail data (1985-2008Q1) was applied for 

analysis purposes. The first important finding was that Basel II correlation assumptions resulted in a 3.3 

times higher level of required regulatory capital than capital required using empirical asset correlations. 

This result was then further investigated to determine the impact of the derived asset correlation on capi-

tal as Wood (2008:32) stated that, changing asset correlation assumptions has a significant impact the 

capital charge. The results in this chapter indicated that the regulatory capital charges were, on average, 

3.3 times more that empirically-calculated capital charges. Furthermore, the findings also indicated that, 

for all investigated retail asset classes, the Basel II charges were considerably more than the empirically 

calculated capital charges. For the specific dataset investigated, this chapter concluded that the Basel II 

capital charge is too conservative and even punitive. This finding raised the question about why the 

BCBS set correlation at a level which is consistently higher and more conservative that what is found in 

the investigated dataset.  

For the market risk application (introduced in Chapter 4), 13 000 bonds were randomly simulated to apply 

to the calculation methodology introduced in Chapter 4 and summarised in this chapter.  

The results, which were based on multiple maturities and all different bonds with all types of credit rat-

ings investigated, indicated that capital charges, calculated by using Basel II’s 250 holding period were 

consistently too conservative when compared with the empirical (80 days). For the same data, the ISDA 

holding period (60days) was too lenient. The results also indicated that the empirical capital charges were 

more in line with the industry (i.e. ISDA's) view than with Basel II view.  

Results also indicated that the difference in capital charges between the three calculation methods (Basel 

II’s, ISDA’s and empirical) becomes smaller over time. This indicates that Basel II’s capital charges are 

the most punitive for assets with a shorter maturity which might indicate that Basel II does not encourage 

liquidity in a bond portfolio as assets with a longer maturity might have a more fair capital charge. 

For all the results obtained in this study it is acknowledged that the finding cannot be generalised as it 

only reflects the specific data investigated. The application methodologies introduced in this study can 

however be used by any bank to derive their own unique results based on their own data. Those results 

may be used in economic capital calculations which are and 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 bank is critical for the maintenance of global financial stability 

– especially when large losses occur or in times of high market volatility and uncertainty. Ensuring the 

stability and good governance of the banking milieu is the responsibility of the BIS which recognised the 

strategic importance of banks and established the BCBS in 1974. The BCBS has engineered and distrib-

uted Basel I and Basel II over the last two decades (since1988) and since the introduction of the original 

Basel I in 1988, risk management has evolved considerably. The Basel II Accord – the final version of 

which was introduced in July 2006 – is more risk-sensitive than its predecessor as it extends the ambit of 

risks evaluated and it also sets out significantly more advanced risk modelling techniques intended to im-

prove the measurement and management of bank risk capital (Proctor, 2006).  

The current (Basel II) accord sets out, inter alia, advanced modelling techniques for use by qualifying 

banks. The implementation of Basel II helped to correct numerous weaknesses of Basel I, although the 

economic crisis (which began in 2008) exposed several areas where the accord could be further improved 

to strengthen the global banking sector (Financial Stability Forum (FSF) and BCBS Working Group, 

2009:5). Basel II embraces, in some detail, three significant bank risk components namely market, credit 

and operational risk. The framework comprises three pillars with which all banks must comply. The first 

of these pillars requires banks to retain at least an amount of capital specified by their adopted (and regu-

latory-approved) approach. Banks must, in addition, also satisfy local regulators that other risks have been 

adequately and appropriately addressed and the requisite capital has been reserved for these over and 

above that required under the first pillar. This second pillar embraces capital required for concentration 

risk, legal risk, liquidity risk, interest rate risk and others, including capital required for severely adverse 

market condition. It is the aim of the BCBS that the sum of the banks' capital under pillars one and two 

will ultimately equate to banks’ economic capital requirements.  

The most prominent aspect of Basel II is the determination of the appropriate amount of regulatory capi-

tal, i.e. an amount which is not so lenient that it allows banks to regularly fail and yet not so onerous as to 

impede the day-to-day operations of a bank. The assessment of bank capital adequacy and the enforce-

ment of sufficient retained capital for this purpose are important functions of banking supervisors or regu-

lators. Regulators that perform these assessments compare banks’ available capital (held for protection) 

with the bank's capital needs (based on its overall risk profile). Bank management must also continuously 

evaluate internal capital adequacy in relation to risk faced by a bank (Federal Deposit Insurance Corpora-

tion (FDIC), 2004). 
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Banks must comply with regulators’ demands: they do not have any choice in implementing the supervi-

sory rules. Several banks, however, face numerous obstacles in order to comply with and effectively im-

plement the Basel II capital requirements (Callaghan, 2006). At the time of writing (November 2009), 

most banks follow the Basel II Standardised and Basic Approaches for all risk types (Van Roy, 2005:7). 

To satisfy the requirements required for the advanced approaches as set out in Basel II, banks must have 

rigorous procedures in place for data collection, model validation and backtesting. Even though this is 

expensive and complex, banks that qualify are rewarded with a risk management system which provides a 

competitive advantage as it enables them to raise their ratings and calculate fair regulatory capital charges 

(Callaghan, 2006). Many banks, however, have neither the resources not the expertise to construct and 

implement Basel II’s Advanced models (see Strand, 2000:1, Yao, 2003:23 and Whalen, 2006:2). All 

banks, however, also require their own internal (economic capital) models and prior to the introduction of 

Basel II, these were designed with varying levels of sophistication (Wong, 2008:1). Since Basel II aims to 

calibrate regulatory capital models with internal economic capital models, many banks simply employ 

Basel II Advanced models for their own (internal) use (Wong, 2008:3). The values of economic capital 

model parameters, however, are chosen completely at the bank's discretion.  

Large international banks are increasingly comfortable to use their economic capital frameworks in dis-

cussions with stakeholders and to use it for Basel II solutions. Singh and Wilson (2007:19) expect eco-

nomic frameworks to continue to improve and, in particular over the next few years, to be more widely 

accepted by the market and regulators in assisting banks to determine their capital management require-

ments. The determination of economic capital is – and will in future be – increasingly important for all 

banks, an undertaking that requires intensive modelling and analysis that is not always possible for all 

banks due to a wide variety of resource issues (Sherris and Van der Hoek, 2006:39).  

Despite the retention of capital to protect banks from financial crises, the 'credit crisis' has affected almost 

every segment of the financial system. Indeed, banks were the hardest hit by the crisis (which was argua-

bly caused by the banks themselves) as billions in mortgage-related investments had to be written down, 

equity market values losses were considerable and exposure to exotic credit derivatives (such as CDOs 

and CDSs) which subsequently defaulted, resulted in many bank failures. Some investment banks that 

once dominated the financial world have either disappeared, been absorbed or have been reinvented as 

commercial banks (The New York Times, 2009). Although some signs of tentative recovery have been 

noted recently, at the time of writing (November 2009) the crisis continues unabated. 

 

6.2   Problem statement  

The problem statement was explored in this thesis: Under Basel II, many banks are (and in the future 

most is) regulated by a similar set of rules (with different levels of complexity) in order to ensure that 

banks reserve sufficient capital for potential adverse events. The BCBS established equations and meth-

odologies that form part of these rules, based on several broadly sound economic assumptions (which are, 
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by design, highly conservative), for calculating the requisite capital. The equations comprise several in-

puts, most of which may be determined by banks themselves using the most advanced approaches. The 

remaining parameters, however, have been deliberately fixed by the BCBS as a means of introducing and 

establishing the necessary austerity into capital requirement formulas. However, these fixed parameters 

may not reflect the individual and unique risk exposures and experience of a particular bank.  

The BCBS have presented detailed documentation regarding the choice of model and most of the steps 

which lead to the capital requirement equations, but the rationale behind the choices of fixed parameters 

has not been publicly released. This opacity obscures the fairness of the capital requirements; fairness in 

the sense of 'do these fixed parameter restrictions make for capital requirements that are too onerous or 

too lenient?' Without details of how to estimate (empirically or theoretically) the fixed parameters, banks 

using the BCBS-specified equations must simply accept that the requirements are, indeed, 'fair' or at least 

appropriate. 

Currently (November 2009), sophisticated banks calculate their economic capital requirements independ-

ently of the BCBS while smaller, less sophisticated banks – which often lack the quantitative resources of 

their more complex peers – rely heavily on Basel II for guidance on the estimation of economic capital 

(Wong, 2008: 3).  

 

6.3   Research goals and objectives 

To address this problem, the following primary and secondary goals were identified: 

1. The primary goal is to establish methodologies to empirically estimate some of the opaque, fixed 

variables present in Basel II’s equations. The methodologies allow banks (of any size and complex-

ity) to determine empirically their own unique parameters (for credit and market risk) from their own 

unique loss experience. Knowing these empirical values allow banks to ascertain whether or not the 

BCBS-specified fixed parameters ensure that capital requirements are indeed too lenient or too oner-

ous (i.e. determine a fair capital charge). If the former, banks can increase economic capital reserves 

appropriately and if the latter, banks can judge for themselves whether or not prevailing economic 

conditions warrant such capital requirement severity. In either case, banks using the suggested meth-

odologies are be able to establish precisely their unique, empirical capital requirements without blind 

acceptance of obscured parameters in Basel II's capital calculations. 

2. The secondary goal is to summarise the calculation methodologies introduced in this study into im-

plementable applications which may be employed by any bank. These applications allow banks (of 

any size and complexity) to determine empirically their own unique market and credit risk parameters 

from their unique loss experiences. 

This study does not seek to discredit Basel II; rather it acknowledges the necessity for banks to ensure 

that key elements of the Basel II risk management governance structures, policies, processes and systems 
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are robust and integrated within banks' day to day activities. This is especially important in the light of the 

ongoing (November 2009) credit crisis (Griffin, 2008). 

 

6.4   Contribution 

The chapters each explained a contribution which served as building blocks to reach the primary and sec-

ondary goals set at the beginning of this study. The individual chapter contributions are discussed next. 

� Chapter 2: Literature survey 

Chapter 2 presented a literature survey which introduced the three essential role-players of global 

capital regulation namely: the BIS, BCBS and the Basel II framework. These protagonists were dis-

cussed to provide a better understanding of the global regulation of bank capital. The concept of eco-

nomic capital was also explored in more detail. Historical developments, functioning and status quo 

of the components were detailed and Basel II's three pillar framework was summarised. Under the 

first pillar (minimum capital requirements) of Basel II, credit, operational and market risk was intro-

duced briefly. This was followed by a brief introduction 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 II's first pillar, namely minimum capital requirements for credit risk 

(chiefly under the Advanced Internal Ratings Based (AIRB) approach). The primary purpose of this 

chapter is to introduce a calculation methodology which enables banks to determine a fair level of 

economic capital.  

The first parameter which has deliberately been fixed by the BCBS as a means of introducing and es-

tablishing the necessary austerity into capital requirement formulas is asset correlation and this was 

investigated in Chapter 3 with the purpose of determining a fair level of economic capital for credit 

risk, specifically for retail assets. Asset correlation was specifically identified as a potential problem 

since an incorrect measurement of this parameter could be detrimental in estimating a bank’s capital 

requirements (Laurent, 2004:23). 

Chapter 3 comprises three sections: a literature study (which covers the relevant credit risk definitions 

and focused on the capital calculation framework prescribed by Basel II. As this chapter investigates 

asset correlations and their impact on credit risk capital charges, a thorough description of this topic 

was required in order to contextualise the subject and draw accurate conclusions on this topic), a 

methodology for extracting empirical asset correlations using empirical data (which is employed in 

the calculation methods of the prescribed Basel II framework (introduced in Section 1) to also calcu-

late the capital charge for credit risk) and a summary of the application which may be employed by 

banks to extract the empirical asset correlation from a set of retail empirical loss data. Banks may use 

these derived asset correlations to calculate fair levels of economic capital (using the Basel II frame-
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work and equations for credit risk). Section 3 also presented the results obtained from the methodol-

ogy by applying it to US retail loss data. 

The results indicated that the required regulatory capital is roughly three times higher than estimated 

economic capital, reflecting a high – perhaps even punitive – measure of conservatism imposed by 

Basel II. 

� Chapter 4: Fair trading book capital using empirical unwind periods 

Chapter 4 extended the investigation beyond credit risk (dominant in the banking book) and into mar-

ket risk (prevalent in the trading book) and investigated the incremental default risk charge (IDR) 

which was recently introduced by the BCBS to take account of credit risk embedded in the trading 

book. This chapter thus investigated another parameter which has been deliberately fixed by the 

BCBS as a means of introducing and establishing the necessary austerity into capital requirement 

formulas, namely the credit holding (or unwind) period.  

The holding periods refers to the length of time required to unwind a financial position without mate-

rially affecting underlying asset prices. It is one of the few components of contemporary risk models 

which may be altered subject to the practitioner's whim. Most others are calculated and hence ma-

nipulation of their values is more difficult. Chapter 4 therefore introduced a calculation methodology, 

which may be applied by any bank, to determine the empirical holding period for credit risky instru-

ments in the trading book.  

Chapter 4 comprises of three sections. Section 1 is a literature which covers all the relevant trading 

book concepts and developments. Section 2 is a methodology section (as well as an exploration of the 

required parameters needed) while Section 3 is a summary or application section which may be used 

by banks to calculate their own fair holding period of trading book credit exposures, based on their 

own data. This fair holding period is an important value and could be of strategic interest to banks 

who wish to establish fair levels of economic capital for market risk. 

Capital charges, as calculated using Basel II’s 250 holding period were found to be consistently too 

conservative when compared with the empirical (80 days) data. For the same data, the ISDA holding 

period (60 days) was too lenient. The results also indicated that the empirical capital charges were 

more in line with the industry (i.e. ISDA's) view than with Basel II view. The results also indicated 

that the difference in capital charges between the three calculation methods (Basel II’s, ISDA’s and 

empirical) becomes smaller over time, showing that Basel II’s capital charges are the most punitive 

for assets with a shorter maturity. 

� Chapter 5 - Contribution and results of investigated data 

Chapter 5 presented the results obtained in this analysis and comprises two sections: a methodology 

section (which summarises the capital calculation methodologies from Chapter 3) which may be used 

by banks to extract the empirical asset correlation from a set of retail loss data. Banks may then use 

the empirical asset correlation to determine a fair level of economic capital using the Basel II credit 
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capital equations and a summary of the methodology introduced in Chapter 4 which may be used by 

banks to calculate their own fair holding period of trading book credit exposures, based on their own 

loss data) and a summary section (which applies these capital calculations (one for credit risk and one 

for market risk) to specific datasets and presents the results). These two calculation methodologies, 

introduced for the first time by this study, provide banks with the opportunity to determine, empiri-

cally, their own unique parameters based on their actual loss experiences. The contribution of this 

study is therefore critical for banks as any bank (of any size and complexity) can now, by applying 

these easy to use methodologies, calculate empirical levels of capital which is not based on fixed 

BCBS parameters, but on their own unique parameters from their own unique loss experience. The 

results summarised in Chapter 5 indicated – in both cases (for credit and market risk) – that the capi-

tal charges calculated by applying fixed BCBS parameters resulted in highly conservative (even puni-

tive) levels of capital when compared with empirically calculated (based on unique loss experience) 

capital charges.  

The contribution of this study is therefore extremely important as banks were not able in the past to 

compare their regulatory capital (based on fixed BCBS parameters) with their empirical levels of 

capital (economic capital), based on their own, unique losses. Understanding a bank economic capital 

is currently (2009)  the focus of all banks, including the BIS and local regulators as the credit crunch 

revealed that pre-credit crunch regulation was ill prepared for the crisis that followed and that it must 

be addressed in an holistic and comprehensive manner in order to evolve from the crisis (Morrison, 

2009:2).  

Knowing the accurate levels of economic capital is critical as it is used to better understand the level 

of bank solvency (Lang, 2009). Economic capital is crucial for banks' strategic decision-making proc-

esses as it provides information on issues such as quantitative risk reward trade-offs and where risk 

mitigating investments are needed. Banks furthermore rely on accurate levels of economic capital to 

make better pricing decisions (e.g. for credit securities in their trading book). Accurate levels of eco-

nomic capital also facilitate better understanding of relative returns on risks across banks and supports 

portfolio optimisation by providing a good understanding of the combinations of return for risk across 

different business lines. Finally, economic capital is important for investment assessment used when 

taking decisions about new investments. When a bank considers investment opportunities it must not 

only look at the return on the investment, but also the risk adjusted return which can be determined by 

empirical economic capital (Lang, 2009).  

This study proved that, for the specific sets of data investigated (by applying the methodologies intro-

duced for the first time in this study); the BCBS’ fixed parameters resulted in different levels of capi-

tal when compared with empirically calculated capital charges. Even though the regulatory capital 

cannot be altered, banks can and do use economic capital in decision making.  
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6.5   Scope 

This study is aimed at banks of any size and complexity and introduced calculation methodologies which 

will allow them to determine empirically their unique parameters for capital calculation from their own 

loss experience. The study does not aim to discredit Basel II nor its conclusions, but is rather aimed at 

providing banks with methodologies to determine empirical economic capital, i.e. based on banks' own 

data. Those results may be used in economic capital calculations which are – and will become – more 

important for banks, regulators and investors in future. 

In Chapter 2 Basel II was discussed along with the three pillar framework of which it comprises. Under 

the first pillar, credit, operational and market risk are introduced, but this study focuses only on capital 

calculation methodologies for credit and market risk. Operational risk was not covered. 

For credit risk, the capital calculation methodology is specifically aimed at retail credit exposures which 

have not received sufficient attention in recent years as industry and regulatory resources have always 

focused far more on corporate lending (Ghosh, 2005:3).  

For market risk, the capital calculation methodology was based on bonds (specifically plain vanilla, cor-

porate bonds). The idea was to isolate the effects of credit-risky instruments from other types of instru-

ments (such as equities) in the trading book. Using simple debt instruments (plain vanilla corporate 

bonds) the application of the methodology introduced in this study could be effectively demonstrated. 

Complex debt instruments (such as CDSs and CDOs) are intricate and this unnecessarily obscures the 

effective application of the introduced methodology. However, banks which do hold complex instruments 

may still apply this methodology provided they can accurately determine both the market and credit risk 

capital charge components.  

 

6.6   Recommendations for future study 

This study introduced calculation methodologies which enables any bank to calculate fair levels of eco-

nomic capital for both credit and market risk. This study can therefore be extended to operational risk 

which is the least known of the three risks under Basel II’s Pillar 1.  

The Basel equations apply a broad brush approach for banks subject to the framework as single equations 

govern all sizes and types of banks under the standardised approaches (i.e. the majority of banks world-

wide). A potential area of future investigation, therefore, would be to analyse the empirical losses and 

capital requirements over time to determine if banks were under or overcapitalised in different areas. 

Even though flexibility is introduced in the advanced approaches via the bank's choice of input parame-

ters, some of these parameters are fixed and unalterable. This thesis investigated asset correlation for 

credit risk and the holding period for the trading book (market risk). There are several different parame-

ters which may also be analysed and investigated in future studies. 
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6.6.1 Areas for future study in credit risk 

� Continue the evaluation of empirical retail asset correlations by using more and more data from 

deeper into the credit crisis (i.e. after the crisis is established as being in some sense “complete”). 

� Ascertain whether the factor of 3 used (increase in capital charge based on empirical asset correla-

tion) is valid after end of the credit crisis 

� Extend the investigation beyond retail assets to also cover bank, sovereign, corporates and high vola-

tility corporate real estate assets by investigating specific asset correlations prescribed by the Basel II 

framework 

� Evaluate whether maturity factor – which was excluded from this study as retail does not require ma-

turity factor – is empirically valid for the asset types to which it does apply.  

 

6.6.2 Areas for future study in market risk 

� Continue evaluation of whether the holding period for credit risk in the trading book is valid i.e. long 

after the credit crisis (since IDR has only recently (April 2009) been introduced). There is currently 

not enough data for such investigations. 

� Establish more accurate parameters for simple vanilla bond portfolios (e.g. interest rate volatility, and 

interest rate correlation). 

� Evaluate the effect of IDR on credit derivatives for non-vanilla instruments. 

 

6.7  Final statement  

Given the Global financial crisis that shocked markets worldwide (credit crunch from 2007-2009), the 

role of risk managers and regulators will almost certainly change. This will involve increased prominence 

and authority of bank regulation and a complete reshuffling of the way in which risks are measured. What 

will become increasingly critical for banks is to understand the risks they face given the underlying risk 

environment.  This study has made significant progress in this area as it introduce calculation methodolo-

gies which allow banks (of any size and complexity) to determine empirically their own unique parame-

ters from their own unique loss experience. As understanding  banks’ economic capital is currently 

(2009) such a critical focus in the global banking sector  (Morrison, 2009:2), the contribution of study is 

particularly relevant as it provides methodologies to calculate empirical capital charges for credit and 

market risk. 

Firstly, for credit risk, this study has demonstrated how empirical correlations may be calculated from 

minimal input data (i.e. only gross losses over, at least, a seven year period), how these differ from the 

BCBS specified correlations and how they change over changing economic conditions. The analysis is 
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relevant for any bank interested in establishing its own internal measure of asset correlation for credit risk 

for both regulatory and economic capital purposes. 

Secondly, for market risk, this study has shown that the austerity of the new trading book rules will lead 

to significant increases in market risk regulatory capital and developed a measurement method for the 

empirical holding period for credit securities. This period is considerably shorter than that specified by 

Basel – even after taking the severity of the credit crunch into effect – so this measure will greatly assist 

banks interested in the accurate pricing of the credit securities in their trading book. 
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Appendix I 

 

The best fit to the distribution of these loss data was the Beta distribution. In this appendix, the top 10 (10 

best fits) fitting results are provided. Beta was – on average – ranked the best overall fit using the Kolmo-

gorov-Smirnov, Anderson-Darling and Chi-Squared tests. 

 

i. Single family residential mortgages 

Residential mortgages - Descriptive 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 mortgages - Goodness 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 11 

5 Chi-Squared 0.4403 48 15.152 42 77.235 41 

6 Dagum 0.22074 25 6.4115 20 12.628 16 

7 Dagum (4P) 0.47004 50 0.5149 2 4.7495 7 

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 mortgages - Fitting Results 

# Distribution Parameters 

a1=0.16403 a2=1.3287 
1 Beta 

a=0.3 b=9.757 

2 Burr k=0.16473 a=9.0899 b=0.41809 

k=0.5409 a=2.3941 
3 Burr (4P) 

b=0.27032 g=0.26893 
4 Cauchy s=0.18833 m=0.63877 
5 Chi-Squared n=1 
6 Dagum k=131.37 a=2.5136 b=0.07002 
7 Dagum (4P) k=2.9211 a=1.5082 

b=0.17757 g=0.24986 
    

k=1.0 s=1.6399 m=1.1648 
9 Error Function h=0.43119 

10 Exponential l=0.85852 

 

ii.  Credit card loans 

Credit cards - Descriptive Statistics 

Statistic Value Percentile Value 

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 46 

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 

a1=6.5315 a2=33.985 
1 Beta 

a=1.7492 b=28.555 

2 Burr k=1.7299 a=5.8114 b=6.7378 

k=6.5391 a=2.8183 
3 Burr (4P) 

b=7.752 g=2.3858 
4 Cauchy s=1.0081 m=5.9613 
5 Chi-Squared n=6 
6 Chi-Squared (2P) n=3 g=2.7184 
7 Dagum k=1.1127 a=6.5118 b=5.7495 

k=0.31654 a=6.5329 
8 Dagum (4P) 

b=4.7439 g=2.5753 
9 Erlang m=15 b=0.39044 

10 Erlang (3P) m=10 b=0.48819 g=1.2291 
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iii.  Commercial real estate loans 

Commercial real estate - Descriptive 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 estate - Goodness 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 38 

10 Error Function 0.5 49 20.06 45 18.125 27 
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Commercial real estate - Fitting Results 

# Distribution Parameters 

a1=0.28827 a2=0.81 
1 Beta 

a=-7.8816E-15 b=8.41 

2 Burr k=0.31705 a=2.0274 b=0.14284 

k=0.31704 a=2.0274 b=0.14283 
3 Burr 

s=0.27385 m=0.27172 
5 Chi-Squared n=1 
6 Chi-Squared n=1 
7 Dagum k=13.24 a=0.78802 b=0.01065 
8 Dagum k=13.24 a=0.78802 b=0.01065 

k=1.2715 s=2.3416 m=1.6163 
9 Error 

h=0.30198 
10 Exponential l=0.6187 

 

iv. Business loans 

Business loans - Descriptive Statistics 

Statistic Value Percentile Value 

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 loans - Goodness 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 15 

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 58.212 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 47 32.273 41 

 

Business loans - Fitting Results 

# Distribution Parameters 

a1=0.99801 a2=1.9721 
1 Beta 

a=0.23 b=4.8464 

2 Burr k=2047.9 a=1.7021 b=177.19 

k=1527.3 a=1.3914 
3 Burr (4P) 

b=334.64 g=0.211 
4 Cauchy s=0.81926 m=1.6418 
5 Chi-Squared n=1 
6 Chi-Squared (2P) n=1 g=0.23 
7 Dagum k=0.14322 a=8.1713 b=3.2594 

k=0.10726 a=8.4928 
8 Dagum (4P) 

b=3.1872 g=0.23 
9 Erlang m=2 b=0.66504 

10 Erlang (3P) m=2 b=0.98726 g=0.20381 
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v. Lease financing receivables 

Lease financing receivables - Descriptive Statistics 

Statistic Value Percentile Value 

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 receivables - Goodness 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 
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Lease financing receivables - Fitting Results 

# Distribution Parameters 

a1=1.7917 a2=5.9455 
1 Beta 

a=0.04394 b=2.8667 

2 Burr k=300.13 a=1.8513 b=17.147 

k=351.43 a=1.7006 
3 Burr (4P) 

b=23.216 g=0.03989 
4 Cauchy s=0.26818 m=0.61762 
5 Dagum k=0.20558 a=6.7318 b=1.1375 
6 Dagum (4P) k=0.14409 a=7.3519 
    b=1.1532 g=0.06916 

m=3 b=0.22432 
7 Erlang 

m=3 b=0.2298 g=-0.04096 
9 Error k=1.5474 s=0.39605 m=0.69928 

10 Error Function h=1.7854 

 

vi. Loans secured by real estate 

Loans secured by real estate - Descriptive 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 estate - Goodness 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 41 

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 9 

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 estate - Fitting Results 

# Distribution Parameters 

a1=0.50814 a2=1.8451 
1 Beta 

a=0.1 b=10.284 

2 Burr k=1.9104 a=1.3604 b=2.3136 

k=16.994 a=0.96366 
3 Burr (4P) 

b=31.093 g=0.1 
4 Cauchy s=0.70481 m=0.8648 
5 Chi-Squared n=1 
6 Chi-Squared (2P) n=1 g=0.1 
7 Dagum k=4.5042 a=1.2307 b=0.24444 

k=1.5431 a=1.3175 
8 Dagum (4P) 

b=0.66202 g=0.07146 
9 Erlang m=1 b=1.8778 

10 Error k=1.2622 s=1.9032 m=1.929 
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vii.  Consumer loans 

Consumer loans - Descriptive Statistics 

Statistic Value Percentile Value 

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 loans - Goodness 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 30 

3 Burr (4P) 0.07549 8 0.49452 2 9.1553 27 

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 27 11.303 36 
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Consumer loans - Fitting Results 

# Distribution Parameters 

a1=3.8069 a2=3.1948E+6 
1 Beta 

a=0.88405 b=1.2140E+6 

2 Burr k=1.1644 a=5.4264 b=2.3179 

k=3.8576 a=2.2853 
3 Burr (4P) 

b=2.5332 g=0.97151 
4 Cauchy s=0.43241 m=2.2605 
5 Chi-Squared n=2 
6 Chi-Squared (2P) n=1 g=1.07 
7 Dagum k=1.311 a=5.214 b=2.0581 

k=0.318 a=5.084 
8 Dagum (4P) 

b=1.8224 g=1.0357 
9 Erlang m=9 b=0.23971 

10 Erlang (3P) m=4 b=0.37595 g=0.87766 

 

viii.  Other consumer loans 

Other consumer loans - Descriptive 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 loans - Goodness 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 40 12.291 34 

10 Error 0.1744 43 3.1035 37 12.032 32 

 

Other consumer loans - Fitting Results 

# Distribution Parameters 

a1=2.4593 a2=5.9691E+6 
1 Beta 

a=0.59996 b=2.2560E+6 

2 Burr k=0.67501 a=6.0485 b=1.2683 

k=1.1839 a=3.2347 
3 Burr (4P) 

b=1.0232 g=0.44431 
4 Cauchy s=0.2488 m=1.3591 
5 Chi-Squared n=1 
6 Dagum k=1.5675 a=4.5032 b=1.2277 
7 Dagum (4P) k=0.50616 a=3.5854 

b=1.0545 g=0.61727 
8 Erlang 

m=6 b=0.24661 
9 Erlang (3P) m=3 b=0.35801 g=0.58672 

10 Error k=1.0 s=0.61323 m=1.5248 
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Appendix II 

The results for cumulative probability distribution function for the various retail asset classes are shown 

in the (a) graphs of Figure A1.43 For a discrete random variable, the probability density function (PDF) at 

a certain value is the probability that the random variable will have that value. For a continuous random 

variable, the probability density function is represented by a curve in such a way that the area under the 

curve between two numbers is the probability that the random variable is between those numbers. The 

cumulative density function (CDF) evaluated at a number x, describes the probability that a variable takes 

on a value less than or equal to x (Brown, 2005): these are shown in the (b) graphs of Figure A1. 

Figure A1: (a) The Cumulative & (b) Probability density function of fitted Beta distribution - Vertical 

axis= (a) Cumulative density & (b) Frequency; Horizontal axis= Percentage loss  
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43 The Beta distribution depends on two parameters, α and β (established directly from the empirical loss data, µ and σ). As these 

two parameters change, the distribution also changes. It is therefore possible for the loss distribution to be approximately nor-
mally distributed while still actually being an underlying Beta distribution. Therefore, a Beta distribution (as illustrated in Ap-
pendix II) can sometimes look like a normal (as does the binomial, Poisson, Weibull etc under certain conditions) without it ac-
tually being a 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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