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a b s t r a c t

Under the Basel II banking regulatory capital regime the capital requirements for credit exposures are cal-
culated using the Asymptotic Single Risk Factor (ASRF) approach. The capital requirement is taken to be
the contribution of an exposure to the unexpected loss on the bank’s diversified portfolio. Here we extend
this approach to calculate capital requirements for equity investments. We show that in the case when
asset values have a normal distribution an analytical formula for the unexpected loss contribution may
be developed. We show that the capital requirements for equity investments are quite different to those
of credit exposures, since equity investments can suffer substantial loss of value even when the under-
lying company has not defaulted.

Unexpected loss is commonly used as a measure of capital requirements, but it ignores the ability of
earnings to absorb loss. We propose a definition of capital requirement that recognises the expected earn-
ings on assets, and show how to combine the ASRF model and the Capital Asset Pricing Model to compute
this quantity for credit and equity exposures.

� 2009 Elsevier B.V. All rights reserved.

1. Introduction

The Basel II capital adequacy framework (Basel Committee on
Banking Supervision, 2006) has recently been adopted by many
prudential regulators around the world as the basis of their local
regulatory capital regimes for banks. In this framework, under
the internal ratings-based approaches, the capital requirement
for a credit exposure is taken to be the contribution of the exposure
to the unexpected loss on the bank’s overall portfolio, computed
using the asymptotic single risk factor (ASRF) model (Basel Com-
mittee on Banking Supervision, 2005). The ASRF model (Vasicek,
1991; Gordy, 2003) is derived by assuming that the bank has a
large and granular portfolio of exposures [for technical assump-
tions see] (Gordy, 2003) and that the assets against which these
credit exposures are secured depend on each other only via their
correlation with a single systematic risk factor. Under these
assumptions one can derive a formula for the unexpected loss on
the bank’s credit portfolio that can be decomposed as a sum across
the individual exposures. This allows one to give a formula for the

unexpected loss contribution of each position and then obtain the
capital requirement of the bank by adding up these contributions
across all the positions. This means that the capital required to
support a particular position does not depend on the other posi-
tions in the bank’s portfolio, as long as the ASRF assumptions are
reasonable, which is a great practical advantage.

By unexpected loss at a confidence level we mean the difference
between the mean loss and the loss at that confidence level. Under
Basel II the unexpected loss contribution for credit exposures is
estimated using a 99.9% confidence level and a one-year default
probability. For exposures of one year maturity the Basel II formula
is that derived from the ASRF model using a single period of length
one year. For exposures of other maturities an heuristic maturity
adjustment is applied, which increases the capital required for
longer-dated exposures.

As well as loans and other credit exposures financial institu-
tions may have equity exposures to a variety of firms. When these
are in the trading book the capital to support them is estimated un-
der the market risk framework, typically based on Value-at-Risk.
For banking book equity exposures there are a number of ap-
proaches set out in Basel II for estimating capital requirements.
These are:
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� The simple risk weight approach, under which risk weights of
300% or 400% are applied (hence capital requirements of 24%
or 32% of face value1).

� The internal model approach, under which loss relative to risk-
free returns over 3 months at the 99% confidence level should
be estimated using a model constructed by the bank.

� The PD/LGD approach, under which the Basel II credit risk model
is applied with a 90% LGD (loss given default), the PD (default
probability) of the underlying counterparty (the same PD that
would be applied to a loan exposure to that counterparty), and
a five-year maturity.

These methods apply subject to certain limits on the size of the
portfolio and on individual positions, after which capital deduc-
tions must be taken (100% capital requirement).

The parameters of the internal model approach seem to indicate
that the Basel committee considers that potential loss over one
quarter at the 99% confidence level will yield a level of capital suf-
ficient to support banking-book equity investments. This standard
is lower than that applied for credit exposures, where loss over one
year at the 99.9% confidence level must be covered.

By contrast the PD/LGD approach seems on the face of it to re-
quire loss over one year at 99.9% to be covered for equity exposures
also. The requirement to use a 90% LGD is perhaps an acknowl-
edgement that if a company defaults on its debt it is likely that
equity holders will lose all or most of their stake. Equity exposures
are however fundamentally different to credit exposures in that
substantial loss of value may occur even if the underlying firm does
not default. Simply applying the Basel II credit risk capital formula
will therefore underestimate the capital requirements for equity
investments, as it picks up a contribution to unexpected loss only
in those states of the world where the counterparty defaults.

In this paper we will assume that the capital for banking-book
equity exposures should be calculated to the same standard as is
applied to credit exposures. The modelling period and confidence
level are typically set by banks as part of their own internal capital
adequacy assessment frameworks. To facilitate comparison with
the Basel II capital requirements for credit exposures we will take
this to be loss over one year at the 99.9% confidence level. We will
develop the capital requirement for equity investments under the
assumptions of the Basel II credit model, but will compute the loss
in a way which reflects the payoff of an equity position, rather than
a debt position. As we shall see this is not the same as simply using
the Basel II credit risk formulae.

First we will briefly summarise the ASRF approach. Then we will
work out the contribution of an equity position to portfolio unex-
pected loss under this approach. Unexpected loss is commonly
used as a measure of capital requirements, but it ignores the ability
of earnings to absorb loss. We will propose a definition of capital
requirement that recognises the earnings that can be expected
on risky assets, and show how to combine the ASRF model and
the Capital Asset Pricing Model to compute this quantity for credit
and equity exposures.

For further consideration of the Basel II capital framework see
for example Ruthenberg and Landskroner (2008); Jokipii and Milne
(2008); Blum (2008) and Heid (2007).

2. The ASRF capital model

We consider a situation in which a bank has made loans to or
equity investments in a variety of firms. We wish to compute the

value of this portfolio at the end of a single period lasting from
time 0 to time T. We will denote by Aj;T the value of the assets of
firm j at time T, and by Yj the standardised asset value (so
Yj ¼ ðAj;T � ljÞ=rj, where lj and rj are the mean and standard devi-
ation of Aj). We assume the dependency between assets is driven
by a single systematic risk factor, denoted X, as follows:

Yj ¼ qjX þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� q2

j

q
�j; ð1Þ

where �j is a risk factor specific to firm j, assumed to be independent
of X and of �i for each other firm i. The variables X and �j are as-
sumed to be standardised also (mean zero, standard deviation
one), but at this point we make no other assumptions about their
distributions.

The correlation between Aj;T and the systematic risk factor X is
then qj (we will refer to this as the asset-factor or asset-market cor-
relation), and the correlation between the assets of firm i and firm j
is qi qj. The factor R in the Basel II credit formulae is q2

j (Basel Com-
mittee on Banking Supervision, 2005) which can be thought of as
an asset-asset correlation, as if two assets have qj ¼ qi ¼ q the cor-
relation between them will be q2.

Structural or Merton-style models of credit risk assume that de-
fault occurs when the a firm’s asset value at the end of the period
drops below some threshold (which can be thought of as the face
value of the firm’s debt) (see for example Schönbucher, 2003). Vas-
icek (1991) derives a formula for the portfolio credit loss distribu-
tion in a structural credit risk model where the assets of the
counterparties have a single-factor correlation structure and the
portfolio is large. Gordy (2003) generalises Vasicek’s result. He
shows that if losses per dollar of exposure are bounded, mutually
independent conditional on the single systematic risk factor X,
and the exposure sizes satisfy a condition that says the size of
the single largest exposure as a percentage of the portfolio van-
ishes as the portfolio becomes large, then as the portfolio becomes
large the distribution of portfolio loss rate degenerates to its expec-
tation conditional upon X.

Write Gj;T for the payoff of position j, some function of the
underlying standardised asset payoff Yj.2 The portfolio payoff is
then PT ¼

P
jGj;T . Then under Gordy’s assumptions the a-percentile

of the portfolio payoff, Pa
T , may be computed as a conditional

expectation:

Pa
T ¼ EðPT jX ¼ XaÞ;

where Xa is the a-percentile of the systematic risk factor X. Express-
ing the percentiles of the portfolio loss distribution as conditional
expectations means they may be decomposed as sums over the
positions:

Pa
T ¼

X
j

EðGj;T jX ¼ XaÞ:

The unexpected loss on the portfolio at confidence level 1� a is
then

EðPTÞ � Pa
T ¼

X
j

EðGj;TÞ � EðGj;T jX ¼ XaÞ: ð2Þ

The term EðGj;TÞ � EðGj;T jX ¼ XaÞ can then be thought of as the
unexpected loss contribution of position j. It is the incremental unex-
pected loss that arises from adding position j to the portfolio,
assuming the portfolio is already well-diversified. Under Gordy’s
assumptions it is computed as the difference between the expected

1 In the Basel II framework each exposure is multiplied by a risk weight, with
minimum required capital being 8% of risk-weighted assets.

2 Gordy works with loss rates but the notion of loss doesn’t arise naturally for
equity positions. We will work with the payoff, or end-of-period value, and make the
convention that greater values of Gj;T mean more money returning to the bank. For
credit positions the loss is the difference between what was promised and the payoff.
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