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Abstract

The asymptotic single risk factor approach is a framework for determining regulatory capital
charges for credit risk, and it has become an integral part of the second Basel Accord. Within this
approach, a key parameter is the average asset correlation. We examine the empirical relationship
between this parameter, firm probability of default and firm asset size measured by the book value of
assets. Using data from year-end 2000, credit portfolios consisting of US, Japanese, and European
firms are analyzed. The empirical results suggest that average asset correlation is a decreasing func-
tion of probability of default and an increasing function of asset size. The results suggest that these
factors may need to be accounted for in the final calculation of regulatory capital requirements for
credit risk.
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1. Introduction

As discussed by Gordy (2000a, 2000b, 2002), the asymptotic single risk factor (ASRF)
approach is a general framework for determining regulatory capital requirements for credit
risk, and it has become an integral part of the second Basel Accord. A key variable in
the ASRF approach is the correlation of a given firm’'s assets with the risk factor that
summarizes general economic conditions. In economic capital calculations, every obligor
would have a unique asset correlation.
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However, for the purposes of regulatory capital calculations, such a multitude of para-
meters is infeasible. Instead, it was originally proposed that an average correlation be used
for every obligor. Specifically, in the Basel Committee on Banking Supervision (BCBS)
document of January 200BCBS, 2001a), asset correlations were assigned a value of
0.20 for all obligors. That is, the asset values of every obligor were assumed to have a
factor loading of 0.20 with the common risk factor. In response to practitioner feedback
and its own quantitative impact studies, the BCB8gmwsed an alternative formula in No-
vember 2001 that would make asset correlations a decreasing function of firm probability
of default; see BCBS2001c)!

Since the BCBS has decided that asset correlatibasld not be common across all
obligors, the question arises as to whether there are patterns in the average asset correla-
tion variable that are tied to other variables. The purpose of this paper is to investigate this
guestion empirically. To do so, we imposed the ASRF approach on the KMV methodology
for determining credit risk capital chargésVe then examined the relationship between
portfolios’ average asset correlations, firms’ probabilities of default and firms’ asset sizes
as measured by the book value of assets. The analysis was conducted on portfolios of US,
Japanese, and European firms, as well as on “world” portfolios consisting of firms from
all of these countries, using data from year-end 2000. Subportfolios based on either firm
default probability or asset size were constructed for the univariate analysis, and subport-
folios based on both variables were used for the bivariate analysis.

Our empirical results confirm that average asset correlation is a decreasing function
of the probability of default, as suggested B¢BS (2001c, 2002). This univariate result
suggests that firms with higher default probabilities are mainly subject to idiosyncratic
risks and are not tied as closely to the general economic environment summarized by the
common risk factor. This result is in line with the finding by Das et al. (2002) that firms
with higher credit ratings (i.e., lower PDs) are more exposed to an economy-wide factor
than firms with lower credit quality. In a direct comparison, the calibrated average asset
correlations derived here generally match those derived from the formula presented in the
November 200BCBS pioposal.

Our empirical results further indicate that average asset correlation is an increasing
function of firm asset size. That is, as firms increase the book value of their assets, they
become more correlated with the general economic environment and the common risk
factor. The intuition for this result is that larger firms can generally be viewed as portfolios
of smaller firms, and such portfolios would be relatively more sensitive to common risks
than to idiosyncratic risks.

1 Since the completion of this research, the BCBS has proposed another formula for asset correlation based
on firm probability of default and total annual sales; see BCBS (2002) for further details.

2 The software firm KMV, LLC is a leader in the field of credit risk modeling and capital budgeting. This study
was conducted using their Portfolio Manager™ software, which they kindly provided for this study. Note that the
analysis was conducted using Portfolio Manager, version 1.4.7 and prior to the release of Portfolio Manager,
version 2.0 in 2002. Since the empirical results in the paper are based solely on the KMV methodology, they are
highly dependent on its underlying structure. However, as shown by Gordy (2000a), several credit risks models
share similar mathematical structures.
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The bivariate results support both sets of univariate results and appear to highlight an
additional and potentially important relationship between the three variables. The results
indicate that the decreasing relationship between average asset correlation and default
probability is more pronounced for larger firms. In other words, the average asset cor-
relation for larger firms is more sensitive to firm probability of default than it is for smaller
firms, probably because the average asset correlations for larger firms start at a higher level
than for smaller firms. In direct comparison with the regulatory average asset correlations
derived from the November proposal, the greatest deviations from the calibrated values
are for portfolios composed of the largest firms, suggesting the value of incorporating firm
size into the regulatory formula for average asset correlations. In fact, we find that in-
corporating firm size into the average asset correlation might increase regulatory capital
requirements.

These results provide suggestive evidence that both firm probability of default and firm
size impact average asset correlation within an ASRF framework. Hence, further work
regarding whether regulatory capital requirements should take further account of such firm-
specific factors seems warranted.

The paper is organized as follows. Section 2 summarizes the KMV methodology for
credit risk modeling, describes how the ASRF framework was imposed onto it, and
presents the credit portfolios used in the analysis. Section 3 presents the calibrated empir-
ical results. Section 4 presents the comparison of the calibrated average asset correlations
with those derived from the November 2001 regulatory formula, and Section 5 concludes.

2. Methodology
2.1. Summary of the KMV methodology

The theoretical core of the KMV methodology for evaluating credit risk is the Merton
model of a firm’s stock as an option on the underlying assets; see Crosbie and Bohn (2001).
To measure the credit risk of a loan to a firm, the KMV methodology models the distri-
bution of the firm’s asset value over the chosen planning horizon and the corresponding
distribution of the loan’s value. This loan value distribution explicitly accounts for default
and changes in firm credit quality.

In general, the KMV methodology, as implemented in their Portfolio Manager™ (PM)
software, models the value of the assets of fifrdenoted asi;;, at a given horizon. At
the horizonH of interest,A;;+H is modeled as

2
lo s
IN(Ajr+H) = In(A;r) + (Mi - j)H +0ivVH it 4H, (1)
wherep; is the asset value drift term (typically positiver)? is the firm’s asset volatility,
and the firm-specific error termy, 1 is a weighted average of common (or systematic)
random factors and an idiosyncratic random factor. Thatisy is modeled as

gir4H = Ri&iryr + /1 — RZVirgh, ()
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WhereRi2 measures the percentage of the firm’s asset return variance attributable to the
common risk factors affecting the firrg,H is a random variable representing the firm’s
H -period-ahead composite risk factor, apd 1 is an idiosyncratic random variable. Both
&r4n andv;4y are assumed to have a standard normal distribution, ensuring that this
decomposition ot;;n is also standard normal with a variance of one. Note thaRﬁqis
referred to as the asset correlation for firm

For each firm of interest, KMV determines its overall liabilities at time H. For a
particular realization of future asset valdg +H, a “distance to default” measure is cal-
culated and used to determine a firm’s “expected default frequency™” (or EDF™) based
on KMV'’s proprietary default database. The firm’s EDF value and its loans’ recovery rates
permit the calculation of the loan values if the firm defaults. For non-default states, the
loans are valued by discounting their cashflows using market-based credit spreads corre-
sponding to the firm’s credit quality. Individual loan calculations can be aggregated up to
the portfolio level in order to determine the distribution of loan portfolio returns, which in
turn can be used for determining economic capital allocations and other credit risk man-
agement calculations.

2.2. Application of the ASRF framework to the KMV methodol ogy

In order to establish regulatory capital requirements applicable across institutions and
across credit risk models, the regulatory proposals considered BBGB& are based on
a very general modeling framework, commonly known as the asymptotic single risk fac-
tor (ASRF) approach. As described by Gordy (2000a, 2000b, 2002), the ASRF approach
assumes that a single risk factor is responsible for credit quality movements across all
obligors in an infinitely granular portfolid.Each obligor has a unique asset correlation
Rl.2 with the common risk factor, and the realization of this factor determines the obligors’
individual outcomes. Further simplifying assumptions are often made to reduce the num-
ber of parameters; for example, all obligors are assumed to have a common (or average)
asset correlation with the risk factor; i.k? = R?, Vi. Within this analytic framework,
the regulatory capital requirement for a portfolio equals the sum of the regulatory capital
requirements for the individual credits. This additive property permits the “bucketing” of
credits based on certain characteristics, such as firm default probability and recovery rates.
This property of the ASRF approach clearly simplifies the allocation of regulatory capital.

To impose the ASRF approach within the KMV methodology, four key restrictions were
imposed on the PM software. The first and most important restriction was imposing a single
risk factor across all firms; i.€5;;+n = &4 m, Vi. Within the KMV methodology, there are
about 110 factors based on global, regional, country, sector and industry effects. These
various factors are aggregated based on firm characteristics to construct a firm’'s composite
factor. For example, the return on the composite factor (derokgylfor a US domestic

3 The impact of the assumption of infinitely granular portfolios was not part of our analysis to date. In our
analysis, we imposed the assumption of common loan sizes across the obligors. We further assumed that the
numbers of obligors in our sample portfolios were sufficiently large for this assumption to hold. Further research
into the validity of these assumptions is necessary.
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firm that is 60% involved in paper production and 40% in lumber production is

CF; = 1.0rysa + 0.6rpaper+ 0.4r1umber, (3)

whererysa, rpaperandriumber are the returns on the factors for the entire US economy, the
global paper industry and the global lumber industry, respectively. A regression afirm
asset returns o8F; provides the asset correlati(mﬁ used in their asset value simulations.

Thus, to impose the ASRF approach, we collapsed the many potential factors into a
single factor common to all obligors in the credit portfolios. This restriction is imposed by
forcing all of the firms to have the same degree of dependence on the same country and
industry factors. In our analysis, we assumed that all obligors were dependent on the US
country factor (regardless of their country of origin) and on the unassigned industry factor
known as N57 within the KMV industry databae.

The second key restriction is the imposition of a common degree of dependence by
assuming a commoR? value for all obligors. This commoR?2 value is termed the average
asset correlation, even thoughi it is not strictly an average, and it will be denoted I#are as
These two restrictions are obviously quite strong, but necessary for applying the ASRF
framework.

There is no theoretical answer as to what the value of the average asset correlation
should be, and thus empirical values must be determined. To calibrate the empirical value
of pa for a portfolio at a specified loss tail quantile, we minimized the absolute difference
between the credit losses indicated by the unconstrained PM model and by the ASRF-
constrained version. The calibrations were conducted using a grid search over a reasonable
range forpa values. Note that the relationship between this difference of credit losses and
oA values is roughly in linear due to the standard normal distribution underlying the single
common risk factog; . The convergence criteria used were that the calibratedalues
would only have up to four significant digits and that the dollar differences between the two
models’ capital charges at the specified quantile were less than 0.1% of the total portfolio
size. The calibrate@a correlations for credit portfolios composed of firms with similar
default probabilities, asset sizes and national origin are the core contribution of this paper.

The third restriction needed to impose the ASRF framework within the PM software is
that the recovery rate is constant. For the sake of simplifying our analysis, we imposed a
recovery rate of 50% across all obligors. Although this is a strong assumption, it is a com-
monly used value, as in Jackson et al. (200Burthermore, we know that capital charges
within the PM software for portfolios with other common recovery rates are a simple mul-
tiple of each other.

The fourth restriction imposed on the PM software for our analysis was a one-year ma-
turity for all credits. This restriction is not explicitly required by the ASRF framework. In

4 Within the ASRF framework, the recommended capital requirements are independent of the common factor
chosen. However, in the empirical implementation, differences will arise when different factor specifications are
used. These differences should be minor, and preliminary results support this hypothesis.

5 Jackson et al. (2003) argue that an LGD value of 50% is close to the recovery rate of 51% commonly used
for senior unsecured bond defaults. Carty and Lieberman (1996) found that the recovery rates for senior secured
bank loans, senior secured bonds, senior unsecured bonds, and subordinated bonds are 71%, 57%, 46%, and 34%,
respectively. Asarnow and Edwards (1996) found a 65% average recovery rate for loans. However, Carey (2002)
uses an LGD value of 30%.
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fact, the current average maturity assumed in BCB®R) is three years. Further research
on the impact of maturity on the calibrat@éd values derived within the ASRF approach
is needed.

2.3. The procedure for generating and analyzng the average asset correlations

The procedure for implementing the ASRF approach within the PM software and ana-
lyzing the calibrated average asset correlations consists of three steps. The first step is to
create the portfolios of interest based on firm EDF values, firm asset sizes or both. This
step is described in detail in the next section. Loans to the chosen firms are then structured
to have a maturity of one year, a floating rate coupon with a quarterly payment sched-
ule and a common commitment size of $100 million. These restrictions obviously impact
the nature of the credit portfolios being analyzed; for example, the standard commitment
size precludes analysis of the granularity issue. Further research into this issue is required.
However, the empirical results should provide meaningful insight into the relationships of
interest.

The second step consists of running the unconstrained version of the PM software on
the constructed portfolios in order to generate the capital required at the one-year horizon
for the 99.9% percentiles of the loss distributién®f the various definitions of capital
used in the PM software, we chose to use capital in excess of expected loss. That is, PM
generates the portfolio’s credit loss distribution, designates its mean as the expected loss,
and presents the tail quantiles as credit losses beyond the expected loss. Credit losses at the
one-year horizon are transformed into capital charges by discounting them to the present
with the appropriate risk-free rate. Total capital is the sum of the discounted expect loss
and specified tail loss.

The third step is to calibrate the portfoligss values using a grid search as previously
described. The results for the aggregate portfolios, portfolios based on EDF categories,
portfolios based on size categories and portfolios based on both variables are then analyzed.

2.4. Credit portfolios of interest

For this study, we constructed national credit portfolios of US, Japanese, and European
firms. The European portfolios consisted of firms based in Britain, France, Germany, Italy,
and the Netherlands. We also examined aggregate (or “world”) portfolios that included all
of the firms in the national portfolios. Aside from the question of firms’ national origins,
the construction of these credit portfolios required a balance between two criteria. The
first criterion was constructing portfolios that had EDF and asset size ranges that were of
economic interest. The second criterion was insuring that these portfolios had a sufficient
number of credits to diminish small sample concerns.

With respect to the EDFs, the portfolios were basically constructed using the S&P rating
categories set within KMV’s Credit MonitSrdatabase as of year-end 2000. The rating

6 The number of simulations that we typically used in our analysis was 100,000 runs, which is the number
recommended by KMV for analysis of the 99.9% tail quantile.
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categories were collapsed into five EDF categories and held constant for our analysis. The
first EDF category ranged from zero to a 0.05% default probability and corresponded to
AAA and AA-rated firms; the second EDF category ranged from 0.05% to 0.52% and
corresponded to A anBBB-rated firms; the third EDF category ranged from 0.52% to
2.03% and corresponded to BB-rated firms; the fourth EDF category ranged from 2.03%
to 6.94% and corresponded to B-rated firms; and the fifth EDF category ranged from 6.94%
to 20%, the maximum EDF value permitted, and corresponded to the remaining C and D-
rated firms’

With respect to asset size, the economic criterion for constructing portfolios was less
meaningful. Hence, we chose size categories that were sufficiently different to ensure that
we captured important relative size differences, but we erred on the side of making the
portfolios large enough to provide meaningful empirical results. Note that the asset size
categories could not be held constant across the national groups in a meaningful way.

With respect to the portfolios based on both EDF and size categories used in the bivariate
analysis, the challenge was to create portfolios whose numbers of credits were approx-
imately uniformly distributed across both sets of categories. However, this task proved
impossible given the general dearth of small firms with low EDF values and large firms
with high EDF values. Thus, for the bivariate analysis, we collapsed the previous five cat-
egories per characteristic into three categories, which generated nine EDF and asset size
portfolios for each set of firms. We used the same three EDF categories across the sets of
firms, and they were (0%, 0.52%], [0.52%, 6.94%] and [6.94%, 20.00%]. However, the
size categories again varied across the country groupings.

3. Calibration results

The calibrateba values are presented below in four subsections corresponding to the
aggregate portfolios, univariate analysis of the portfolios constructed using EDF categories,
univariate analysis of the portfolios constructed using asset size categories, and bivariate
analysis of the portfolios constructed using both EDF and asset size categories. The empir-
ical results are presented for the 99.9% tail percentiles of the credit loss distributions.

3.1. Calibration results for the aggregate portfolios

As discussed above, we constructed three sets of firms based on country of origin, as
well as the superset of these firms, in order to conduct our analysis. The calipgated
values for these portfolios are summarized in Table 1.

For the “world” portfolio, a total of 13,839 firms were used in the exercise with about
50%, 24%, and 26% being of US, Japanese, and European origin, respectively. The cali-

7 Note that in constructing portfolios based on EDF ranges, firms with EDF values at the ends of the ranges
are included in both portfolios. For example, portfolios constructed using the second and third EDF categories
have in common all firms with an EDF value exactly equal to 0.52%. The number of firms in two EDF categories
is small, but non-zero.

8 The exchange rates used were as of year-end 2000.
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Table 1

Calibrated average asset correlations for aggregate portfolios

Portfolio Number of firms Calibrated average asset correlations
99.5% percentile 99.9% percentile

All firms 13,839 0.1125 0.1125

US firms 6909 0.1625 0.1625

Japanese firms 3255 0.2625 0.2625

European firms 3675 0.1250 0.1375

Notes. The portfolio of all firms contains all of the US, Japanese, and European firms in the KMV CreditMonitor
database as of year-end 2000. European firms are defined here as firms headquartered in France, Germany, Great
Britain, Italy, and the Netherlands. Note that US, Japanese, and European firms make up 50%, 24%, and 26%,
respectively, of all the firms examined here.

bratedpa value for this portfolio was relatively low at 0.1125, potentially suggesting that
a single risk factor is not sufficient to capture the heterogeneous nature of the credits in the
portfolio.®

This possibility seems to be reinforced by the differjfiigvalues for the three national
portfolios. At the 99.9% percentile, these values are 0.1625 for the US portfolio, 0.2625
for the Japanese portfolio and 0.1375 for the European portfolio. The Japanese value is
noticeably higher than the others, probably due to the generally poor economic conditions
within Japan at year-end 2000. These conditions most likely impacted all Japanese firms
in a similar way. The European value is relatively low, suggesting that a single factor may
not be sufficient to capture the heterogeneity across the five countries that compose that
portfolio.

The differing values suggest that the degree of heterogeneity across borrowers’ coun-
tries of origin may not be well captured by a single risk factor. However, this difficulty is
endemic to the ASRF approach. As discussed by Gordy (2002), the use of a single risk
factor imposes a common business cycle on all obligors, and all other elements of credit
risk are considered to be idiosyncratic. Under this construct, the average asset correlation
for a heterogeneous loan portfolio, such as a collection of firms from a cross-section of
countries, should be lower than for a homogeneous portfolio with similar characteristics.

3.2. Univariate calibration results for portfolios based on EDF categories

Within the ASRF framework, we expect to see a negative relationship between firms’
asset correlations and their probabilities of default (PD). That is, as a firm’s PD increases
due to its worsening condition and approaching possible default, it is reasonable to assume
that idiosyncratic factors begin to take on a more important role relative to the common,
systematic risk factor. The calibrat@gd value for the portfolios based on EDF categories
support this intuition, as shown in Table 2.

For the world portfolios consisting of all firms, the calibration results indicate that the
calibratedoa values decline, if only gradually, as the EDF values of the categories increase.

9 Note that Varotto (2000) found an average asset correlation between 0.09 and 0.10 for a large database of
euro-bond returns.
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Table 2
Calibrated average asset correlations for portfolios based on EDF categories
EDF categories Calibrated average asset correlations at the 99.9% percentile
(%) World portfolios US portfolios Japanese portfolios European portfolios
(0.00, 0.05] 0.1500 0.2250 0.3250 0.1750
[0.05, 0.52] 0.1500 0.2500 0.3250 0.1750
[0.52, 2.03] 0.1250 0.2000 0.2750 0.1500
[2.03, 6.94] 0.1125 0.1750 0.2500 0.1250
[6.94, 20.00] 0.1000 0.1500 0.2750 0.1250

Note. The EDF intervals are overlapping at their endpoints. This overlap leads firms with EDF values of exactly
0.05%, 0.52%, 2.03%, and 6.94% to be included in two different portfolios each.

For the lowest category, the calibratggl value is 0.1500, and for the highest category, it
is 0.1000. However, the national portfolios show more variation in this pattern.

For the US portfolios, the calibratggh values are higher than for the world portfolios,
and the slope of the decline is steeper. The value for the lowest EDF category is 0.2250, and
the value for the highest category is 0.1580hat is, the decline from the lowest to the
highest EDF categories is 0.0750, as opposed to 0.0500 for the world portfolios. A possible
reason for this result is that the world portfolios’ greater degree of heterogeneity lessens
the impact of the EDF decline on the calibraj@dvalues.

The Japanese portfolios vary the most from the other national portfolios in that the cali-
bratedpa values are higher across all EDF categories, ranging from 0.3250 to 0.2750. The
decline of just 0.0500 across the categories is in line with the world and European port-
folios, but the higher levels imply a smaller percentage decline than for the other national
portfolios. As mentioned before, the state of the Japanese economy at year-end 2000 was
such that less firm heterogeneity in condition was possible, and this circumstance might be
well explained by a single factor, even across the EDF categories.

In contrast, the European portfolios have the lowest calibratedalues, ranging from
0.1750 to 0.1250. These lower values are in line with the world portfolio, suggesting that
the heterogeneity among the European firms in the sample is also hard to capture with
a single, common risk factor.

3.3. Univariate calibration results for portfolios based on asset size categories

In the general theory of portfolio diversification, as the number of different securities
within a portfolio increases, the portfolio becomes more diversified, and the idiosyncratic
element of the portfolio’s return becomes less important. An analogous view could be
taken with respect to a firm's asset size; that is, as a firm becomes larger and comes to
contain more assets, its risk and return characteristics should more closely resemble the
overall asset market and be less dependent on the idiosyncratic elements of the individ-
ual business lines. Within an ASRF framework, this intuition suggests that a firm’s asset

10 Gordy (2000a) and Hamerle et al. (2002) calibrated asset correlation values calibrated using S&P’s historical
default data for US firms, and their values were typically less than 0.0500. Note, however, that they did not
specifically calibrate to the 99.9% tails of the credit loss distributions.
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Table 3
Calibrated average asset correlations at the 99.9% percentile for portfolios based on size categories

World portfolios US portfolios Japanese portfolios European portfolios
Asset size PA Asset size PA Asset size PA Asset size PA
categories categories categories categories
($0, $20m] 0.1000 (%0, $20m] 0.1000 (%0, $100m] 0.2000 (%0, $25m] 0.1125

[$20m, $100m] 0.1000  [$20m, $100m] 0.1500  [$100m, $200m] 0.2000  [$25m, $75m] 0.1125
[$100m, $300m] 0.1125  [$100m, $300m] 0.1750  [$200m, $400m] 0.2500  [$75m, $200m] 0.1250
[$300m, $1b]  0.1375  [$300m, $1b] 0.2250  [$400m, $1,b] 0.3000  [$200m, $1b] 0.1500
> $1b 0.2000 > $1b 0.3000 > $1b 0.4500 > $1b 0.2250

Notes. The asset size intervals are overlapping at their endpoints. This overlap leads firms with asset sizes at the
end of an interval to be included in two different portfolios each.

correlation should increase as its asset size increases. However, this hypothesis must be
verified empirically. The calibration results based on asset size categories are presented in
Table 3%

For the world portfolios based on all the firms in the three national portfolios, the cali-
bratedoa value doubles from 0.1000 for firms smaller than $20 million in assets to 0.2000
for firms larger than $1 billion in assets. The patterns for the national portfolios are similar,
but they show certain differences.

For the US portfolio, the calibrategy values actually increase by more, but the rate
of increase across the size categories is more gradual. The calipgatedue is 0.1000
for US firms smaller than $20 million and triples to 0.3000 for firms larger than $1 billion.
This increase is approximately linear across the chosen size categories, while the increase
for the world portfolios appears to be more exponential in nature. A potential reason for
this difference appears to be that the Japanese firms in the world portfolios are generally of
larger size than the US firms. Approximately 20% of the sample’s Japanese firms fall into
the category of less than $100 million in assets, while about 44% of US and European firms
in the sample fall into these categories. Since firms with assets greater than $1 billion make
up about 20% of each of the three national samples, the 24 percentage point difference for
the Japanese firms is accounted for by the category of firms between $100 million and $1
billion in assets.

The calibrateba values for the Japanese portfolios are again higher than those for the
other portfolios. In fact, for these size portfolios, the calibrgigdralues are much higher,
with values of 0.2000 for firms smaller than $100 million and 0.4500 for firms larger than
$1 billion, a multiple of 2.5 across the size categories. The Japanese portfolios are clearly
different from the US and European portfolios, and hence they are probably contributing
greatly to the shape of the increases for the world portfolio.

As before, the calibratefly values for the European firms are generally the lowest of
the three aggregate portfolios, ranging from 0.1125 for firms smaller than $25 million and
0.2250 for firms larger than $1 billion in assets. The doubling of the calibragtedlues

11 Note that the asset size intervals are overlapping at their endpoints. This overlap leads firms with asset sizes
at the end of an interval to be included in two different portfolios each.
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across the size spectrum equals that of the world portfolios and is the lowest of the national
portfolios. The pattern of increases again seems to be more exponential than linear.

3.4. Bivariate calibration results for portfolios based on EDF and asset size categories

The results discussed in the prior two sections indicate that average asset correlations
within an ASRF framework appear to be a decreasing function of EDF and an increasing
function of asset size. In this section, we examine the extent to which calikratealues
are a function of both variables simultaneously. We did so by forming nine portfolios based
on both EDF and asset size categories for each of the four sets offirms.

The calibration results presented in the panels of Table 4 suggest three key outcomes.
First, as in the univariate results, the calibrgigd/alues are generally decreasing functions
of EDF and increasing functions of asset size. Thus, both of the univariate results are
important to consider. Second, the increases in the calibiateehlues with respect to
increases in size appear to be larger than the decreases with respect to increasing EDF
values. In other words, the marginal impact on a calibraie@f an increase in firm asset
size is usually larger than the marginal impact of an increase in firm EDF value. Third,
the changes in the calibrat@d values across EDF categories appear to become greater as

Table 4
Calibrated average asset correlations at the 99.9% percentile for portfolios based on EDF and asset size categories
Asset size EDF categories (%)
categories (0.00, 0.52] [0.52, 6.94] [6.94, 20.00]
A. World portfolios
($0m, $75m] 0.1000 0.1000 0.1000
[$75m, $500m] 0.1125 0.1125 0.1125
> $500m 0.2000 0.1750 0.1625
B. US portfolios
($0m, $100m] 0.1375 0.1250 0.1250
[$100m, $1000m] 0.1875 0.1875 0.1750
> $1000m 0.3000 0.2750 0.2250
C. Japanese portfolios
($0m, $200m] 0.2250 0.2000 0.2000
[$200m, $1000m] 0.2500 0.2500 0.2750
> $1000m 0.4250 0.4000 0.5500
D. European portfolios
($0m, $25m] 0.1250 0.1250 0.1250
[$25m, $200m] 0.1250 0.1250 0.1250
> $200m 0.2000 0.1750 0.1750

Notes. The asset size and EDF intervals are overlapping at their endpoints. This overlap leads firms with asset
sizes and/or EDF values at the ends of intervals to be included in multiple portfolios.

12 Note that as before, the EDF categories are common across the three national portfolios and the world
portfolio, but the asset size categories vary. Note that the asset size and EDF intervals are overlapping at their
endpoints. This overlap leads firms with asset sizes and/or EDF values at the ends of intervals to be included in
multiple portfolios.
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firm asset size increases. That is, as firms get larger, changes in EDF lead to larger changes
in firm sensitivity to the common risk factor.

Two important caveats regarding the calibration results in this section should be noted.
First, the analysis was conducted using discrete EDF and size categories and not using
continuous functions. Hence, any inference@nchanges across the categories is rela-
tively limited and cannot be easily tested. However, the general patterns of variation that
are observed should provide reasonably suggestive evidence. Second, the number of firms
in the portfolios varies and can be quite low in the extreme categories, such as the largest
firms with highest EDF values and the smallest firms with lowest EDF values. These data
limitations are endemic to this type of analysis and can effectively be seen as increasing the
standard errors around the calibraggdvalues for those portfolios. This larger degree of
uncertainty obviously limits the inference that can be drawn from the results. However, the
general patterns discussed here should be robust since they are also observed for portfolios
that have reasonable numbers of observations.

Turning directly to the results for the nine world portfolios in the first panel of Table 4,
the calibrategpa values for the first two size categories do not vary across the EDF cate-
gories, but they do decline for the third category, as before. The reasons for the cpastant
values across the EDF categories are not clear, but this result could be indicative that firm
size is a potentially more important factor in determining average asset correlations. Look-
ing across asset size categories for a given EDF category, we observe that the calibrated
oA values increase with size, as per the univariate results. For these portfolios, variation in
asset size clearly has a greater impact on the calibia{edalues than variation in EDF
values.

The calibratedop values for the nine US portfolios in the second panel of Table 4
range from 0.1375 to 0.3000. Overall, these values are higher than the values for the world
portfolio, further indicating that national portfolio diversification issues could impact the
average asset correlations. The univariate patterns previously observed are apparent in the
bivariate analysis as well. Looking across the categories, the calilfatealues decrease
from the lowest to the highest EDF categories within a given size category by roughly
0.1000, whereas thea values approximately double from the smallest to the largest size
category within a given EDF category. This result further suggests the importance of firm
size in determining a portfolio’s average asset correlation.

The calibrateba values for the Japanese portfolios are presented in the third panel of
Table 4. As before, thea values for these portfolios are substantially higher than those
of the other national portfolios. The values range from 0.2000 to 0.5500, although this
latter value for the portfolio with the largest firms and the highest EDF values is based on
a sample consisting of just 2% of the Japanese sample. Although the pattern of declining
oa values within a size category due to increasing EDF values is not as apparent here, the
oa values do increase with asset size for a given EDF category. In fact, the size effect is
strongest for the Japanese results.

The calibrategpa values for the European portfolios in the last panel of Table 4 range
from 0.1250 to 0.2000. Note that these values do not vary much across either EDF or asset
size categories. In facha = 0.1250 for all EDF categories across the first two asset size
categories. Only for the largest EDF category do we observe an increageaross the
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size categories and a decline across the EDF categories. This relative jackarfiation
is approximately similar to the univariate results, but further analysis is needed here.

An alternative way of measuring the marginal impact of incorporating firm EDF and
asset size in the calibratgd values is to examine the relative value of the corresponding
regulatory capital chargés.That is, we can quantify the impact of modifying the cali-
bratedpa values for our aggregate portfolios by examining the changes in their 99.9% tail
guantile losses. A priori, we would expect that as a portfolio’s weighted aveyrageross
obligors increases that the implied tail loss would also increase. In comparing the cali-
bratedpa values in Table 1 with those in Tables 2 through 4, we observe that the weighted
averagepa values increase, and we should expect that the regulatory capital charges for
our aggregate portfolios to increase.

Turning first to thepa values incorporating just the EDF categories in Table 2, the 99.9%
tail losses increase by an average of 2.0% across the four aggregate portfolios. However,
when thepa values based on the asset size categories in Table 3 are used, the tail losses
increase by a larger average of 5.1%. Similarly,dhevalues based on both categories raise
the aggregate portfolios’ tail losses by an average of 4.0%. These results further highlight
the important effect that firm size has on the values used in the ASRF framework.

In conclusion, the analysis of the calibrajgglvalues using an ASRF framework within
the KMV methodology provides strong suggestive evidence that EDF values and, more
importantly, firm size are important driving factors. In addition, the results also suggest
national characteristics are potentially important, but more analysis over other time periods
is necessary to verify this result.

4. Regulatory valuesfor average asset correlation

In an effort to update and improve international bank capital requirementBGB&S
began a revision of the 1988 Basel Accord in 1999, a process that has come to be known as
“Basel II.” A primary goal of the Basel Il process is to make credit risk capital requirements
more risk-sensitive, i.e., more closely linked to the economic risks faced by banks in their
business activities. Credit risk modeling is to play an important role in this process.

As detailed in BCBS Z001a), theBCBS decided to @opt an evolutionary approach
to the implementation of credit risk capital requirements, an approach that mirrors the
evolution of credit risk management techniques themsét/€sr banks that do not have
sufficiently well developed credit risk models, credit risk capital requirements are to be
determined using the “standardized” approach, which effectively does not require mod-
eling input from the banks. However, for banks that are employing more quantitatively
oriented techniques of credit risk management, particularly internal risk-rating systems, an
internal-ratings based (IRB) approach was proposed.

The IRB approach has two tiers within it. The first tier, known as the “foundation” IRB
approach, permits banks to input their own credit risk assessments of their lending portfo-

13 | thank a referee for this suggestion.
14 For a survey of the credit risk modeling at large financial institutions, see BCBS (1999). See Hirtle et al.
(2001) for a discussion of the policy options for using such models for regulatory purposes.
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lios, but estimation of additional inputs are derived through the application of standardized
regulatory rules. This IRB approach is intended to be used by banks that currently face dif-
ficulty in estimating certain risk model parameters due to data limitations or less-developed
credit risk models. The second tier, known as the “advanced” IRB approach, would allow
banks to use their own internal credit risk modeling outcomes to establish their regulatory
credit risk capital requirements.

As mentioned earlier, the analytical framework used for determining credit risk capital
requirements within the Basel Il process is the ASRF framework. Within this framework,
as discussed in Section 2, the average asset correlation is a key parameter, but regulators
need only specify @a value for the foundation IRB approach. In paragraph 172 of the
January 2001 proposa@CBS,2001a), the regulatory value @f was set to be constant
at 0.2000, based on surveys of industry practice and research conducteBBRSEe

This assumption, as well as the various others that compose the IRB approach, were ex-
amined within the context of two quantitative impact studies; the second of which, known
as QIS-2, was initiated in April 2001 and summarized@@BS 2001b). In light of those
results, the BCBS initiated a more targeted study of thenflation IRB approach in No-
vember 2001, which is known as QIS-2.5; 8&@BS (2001c¢)1° Within this study, the asset
correlation assumption was modified to makea function of the probability of default
(PD). Specifically,

1— e750*PD 1— e750>|<PD
pa(PD) = 0.1000(1_7650> + o.2ooo<1 - 1—7e5°> (4)
or equivalently,
1 _ g50+PD
oA (PD) = 0.2000— o.1ooo(ﬁ> (5)

Note thatpa (PD) is bounded within the interval [0.1, 0.2].

In this section, we further analyze our calibraggdvalues with respect to both the pro-
posed January and November regulatagyvalues. Specifically, the calibratggd values
are compared to the assumption that= 0.2000 and to the November proposal evaluated
at the median EDF values of the constructed portfolios.

These comparisons suggest five key results. First, the overall comparison of the cali-
bratedpa values and the January proposal suggests that there is sufficient variation as to
make the constant assumption too inaccurate. Second, the overall comparison of the cal-
ibrated pa values and the November proposal are rather favorable, especially for higher
EDF categories and more diversified portfolios. However, there are important areas of dif-
ference. Third, limiting the maximurmpa (PD) value to 0.2000 is not warranted by the
calibration results. Fourth, the declinea (PD) due to increases in PD values is quicker
than suggested by the calibratgg values. Fifth, the formula in the November proposal
does not account for size, and the greatest deviations from the calilpgatedues are for

15 The BCBS clearly states that it “has not at this stage endorsed the specific modifications that are the focus
of the additional quantitative impact exercise.” In fact, BCBS (2002), which was released after this research was
completed, proposed another formulation of the asset correlation parameters.
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the larger firms, further suggesting the potential value of incorporating some element of
firm size into the regulatory values for average asset correlations.

4.1. Comparison for aggregate portfolios

The comparison of the calibratggh values for the four aggregate portfolios with the
regulatory values is presented in Table 5. Overall, the two sefs ofalues are similar,
with the exception of the Japanese portfolio. The calibraiedalue for this portfolio is
0.2625, while the November regulatory proposal suggests a value of 0.1430, which is more
in line with the value for the regulatory values of the other three portfolios. These results
suggest that for broadly diversified portfolios, the November proposal for regulagory
values appears to match the calibration results quite well, although country concentrations
may be a concern.

4.2. Comparison for portfolios based on EDF and asset size categories

The comparison of calibrategh values for the portfolios based on both EDF and asset
size categories with the regulatory values based on the November proposal are presented in
the panels of Table & Note that the regulatorya values also increase across the asset size
categories for a given EDF category because of the increasing median EDF values. Overall,
the differences between the alternative measures are generally small. Of the 36 portfolios
examined, the absolute differencedn values was less than 0.0500 for 47% of the cases
and just 37% when the Japanese portfolios are excluded. The deviations were largest for
firms in the largest size categories, which accounted for 50% of the deviations excluding
the Japanese portfolios. These results suggest that the calippatedues deviate most
from the regulatory values, which do not take size into account, for the largest firms in the
four firm samples.

Table 5

Comparison of average asset correlations for the aggregate portfolios

Portfolio Calibrated avg. asset January correlation November correlation
correlation proposal proposal

All firms 0.1125 0.2000 0.1445

Us firms 0.1625 0.2000 0.1300

Japanese firms 0.2625 0.2000 0.1430

European firms 0.1375 0.2000 0.1684

Notes. The table contrasts the average asset correlations as calculated in three different ways for the aggregate
portfolios. The calibrated average asset correlation is the value reported earlier with respect to the 99.9% per-
centile. The January correlation proposal value is the constant value of 0.20 implied in the January 2001 proposal
by the Basel Committee on Banking Supervision. The November correlation proposal values are the values de-
rived from the formula in the November 2001 proposal by the Basel Committee on Banking Supervision. The
formula is presented in the text. The median EDF values for the aggregate portfolios are 1.6 for all firms, 2.4 for
US firms, 1.7 for Japanese firms, and 1.8 for European firms.

16 To conserve space, the comparison of the calibrated average asset correlations based on just EDF and just
size categories are not discussed here, but the results are available from the author upon request.
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Table 6
Comparison of average asset correlations for the portfolios based on EDF and asset size categories
Porfolios Assetsize (m) EDF (%)  Calibrated average January correlation November correlation
asset corr. proposal proposal
A. World (0, 75] (0.00, 0.52] 0.1000 0.2000 0.1909
[0.52, 6.94] 0.1000 0.2000 0.1311
[6.94, 20.00] 0.1000 0.2000 0.1000
[75, 500] (0.00, 0.52] 0.1125 0.2000 0.1905
[0.52, 6.94] 0.1125 0.2000 0.1395
[6.94, 20.00] 0.1125 0.2000 0.1000
> 500 (0.00, 0.52] 0.2000 0.2000 0.1909
[0.52, 6.94] 0.1750 0.2000 0.1504
[6.94, 20.00] 0.1625 0.2000 0.1000
B.US (0, 100] (0.00, 0.52] 0.1375 0.2000 0.1887
[0.52, 6.94] 0.1250 0.2000 0.1277
[6.94, 20.00] 0.1250 0.2000 0.1000
[100, 1000] (0.00, 0.52] 0.1875 0.2000 0.1882
[0.52, 6.94] 0.1875 0.2000 0.1453
[6.94, 20.00] 0.1750 0.2000 0.1000
> 1000 (0.00, 0.52] 0.3000 0.2000 0.1900
[0.52, 6.94] 0.2750 0.2000 0.1534
[6.94, 20.00] 0.2250 0.2000 0.1000
C. Japanese (0, 200] (0.00, 0.52] 0.2250 0.2000 0.1878
[0.52, 6.94] 0.2000 0.2000 0.1317
[6.94, 20.00] 0.2000 0.2000 0.1003
[200, 1000] (0.00, 0.52] 0.2250 0.2000 0.1905
[0.52, 6.94] 0.2500 0.2000 0.1370
[6.94, 20.00] 0.2750 0.2000 0.1005
> 1000 (0.00, 0.52] 0.4250 0.2000 0.1903
[0.52, 6.94] 0.4000 0.2000 0.1477
[6.94, 20.00] 0.5500 0.2000 0.1002
D. European (0,25] (0.00, 0.52] 0.1250 0.2000 0.1909
[0.52, 6.94] 0.1250 0.2000 0.1310
[6.94, 20.00] 0.1250 0.2000 0.1001
[25, 200] (0.00, 0.52] 0.1250 0.2000 0.1932
[0.52, 6.94] 0.1250 0.2000 0.1438
[6.94, 20.00] 0.1250 0.2000 0.1001
> 200 (0.00, 0.52] 0.2000 0.2000 0.1937
[0.52, 6.94] 0.1750 0.2000 0.1554
[6.94, 20.00] 0.1750 0.2000 0.1001

Notes. The table contrasts the average asset correlations as calculated in three different ways for the world,
US, European, and Japanese portfolios based on asset size and EDF categories. The calibrated average asset
correlation is the value reported earlier with respect to the 99.9% percentile. The January correlation proposal
value is the constant value of 0.20 implied in the January 2001 proposal by the Basel Committee on Banking
Supervision. The November correlation proposal values are the values derived from the formula in the November
2001 proposal by the Basel Committee on Banking Supervision. The formula is presented in the text. The median
EDF values for the individual world, US, European, and Japanese portfolios, respectively, are: 0.19, 0.24, 0.26,
and 0.19, for the first portfolio; 2.34, 2.57, 2.30, and 2.34, for the second; 20.0, 20.0, 11.450, 15.04, for the third;
0.20, 0.25, 0.20, and 0.14, for the fourth; 1.86, 1.59, 1.99, and 1.65, for the fifth; 16.64, 20.00, 10.80, and 14.25,
for the sixth; 0.19, 0.21, 0.215, and 0.13, for the seventh; 1.37, 1.26, 1.48, and 1.18, for the eighth; and 18.61,
20.00, 12.42, and 15.03, for the ninth portfolio.
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The results in Table 6 show that the speeds with which the alternativalues decline
as the EDF values increase are quite different. Within an asset size category, the calibrated
oA values generally either remain constant or decline moderately as the median EDF values
increase across the EDF categories, again with the exception of the Japanese portfolios.
However, for the regulatorga values, the values start near the maximum value of 0.2000
for the lowest EDF category and quickly dive to the minimum value of 0.1000. Thus,
by ignoring firm asset size, the regulatory proposal causes gregteariability than is
suggested by the calibrat@éd values. These results further suggest that a consideration of
firm asset size in the calculation of the regulatpgyvalues, especially for larger firms, is
warranted.

5. Conclusion

The asymptotic single risk factor (ASRF) approach is a simplifying framework for de-
termining regulatory capital charges for credit risk. As described by Gordy (2000a, 2000b,
2002), this framework has become the basis upon which the credit risk capital charges
for the second Basel Accord are being determined. In this paper, the ASRF approach was
imposed on the KMV methodology for determining credit risk capital charges in order to
examine the relationship between average asset correlation, firm probability of default and
firm asset size measured by the book value of assets. The analysis was conducted on na-
tional portfolios of American, Japanese and European firms, as well as a “world” portfolio
composed of these three national portfolios, using data from year-end 2000.

The univariate calibration results indicate that average asset correlation is a decreasing
function of the probability of default. This univariate result suggests that the reasons why
firms experience rising default probabilities are mainly idiosyncratic and not as closely
tied to the general economic environment summarized by the single, common factor. The
empirical results further indicate that average asset correlation is increasing in asset size.
Thatis, as firms increase the book value of their assets, they become more correlated with
the general economic environment and the common factor. This result is intuitive in the
sense that larger firms can generally be viewed as portfolios of smaller firms, and such
portfolios would be relatively more sensitive to common risks than to idiosyncratic risks.

The bivariate calibration results support both sets of univariate results and appear to
highlight an additional and potentially important relationship between the three variables.
The decreasing relationship between average asset correlation and default probability is
more pronounced for larger firms. In other words, the average asset correlation for larger
firms is more sensitive to firm probability of default than it is for smaller firms. These
results provide evidence that both default probability and firm size impact average asset
correlation within an ASRF framework, especially for larger firms. Hence, further work
regarding whether regulatory capital requirements should take account of other factors
seem warranted.

In this paper, we also compared the calibration results with the formula for the aver-
age asset correlation proposed by BeBS in NovembeR001. This formula explicitly
makes the average asset correlation a function of firm probability of default. Based on the
regulatory formula, the deviations between the calibrated and regulatoxalues that
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are greatest are for the larger firms, suggesting the potential value of incorporating firm
size into the regulatory average asset correlation formula. These calibration results provide
suggestive evidence that firm size is an important variable in determining credit risk capital
requirements and may need to be accounted for in the regulatory calculations within the
Basel Il process.

Given that several factors must be taken into account in the calibration pftkalues
used in the ASRF framework, the question arises as to the usefulness of this framework for
regulatory capital purposes. Although the ASRF framework is a theoretically simple one
to which several credit risk models can be mapped, the cost of simplifying these models
down to their ASRF form may be considerable. At the present time, the costs appear to be
outweighed by the benefits of having a standard framework to apply across very different
financial institutions. Furthermore, these costs will probably be reduced as the BCBS mod-
ifies its proposals to account for additional variables, such as firm size, within the ASRF
framework, as was most recently propose8@BS (2002).
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