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Pillar 2 of the Basel II framework requires banks to assess their risk com-
prehensively, and to set internal target levels of capital so as to reflect the
full range of material risk faced by the bank. Thus banks face the question
by which amount the total risk of their loan portfolios is smaller or larger
than the sum of credit and market risk capital calculated unter Pillar 1. If
market and credit risk interact negatively a compounding effect can occur:
economic capital for total risk can be higher than the sum of pure market
risk capital plus pure credit risk capital. We specify a credit risk model for
variable rate loans in which the interaction between market an credit risk
can be analysed. The compounding effect is more pronounced for loans with
bad ratings and high loan to value ratio.

1 Introduction

Industry and regulators are used to think about the risks borne by banks in
a compartmentalised way. Market risk is defined as the risk that a financial
position changes its value due to the change of an underlying market risk
factor, like a stock price, an exchange rate or an interest rate. Credit risk is
defined as the risk of not receiving the promised payment on an outstanding
claim. In Pillar 1 of the Basel II framework these risks are treated separately
and the risk capital is determined by adding up capital across risk categories.
While it is acknowledged that this is only a rough approximation it is widely
believed that this approach will always provide a safe upper bound for the
necessary risk capital. It is believed total risk should be smaller or at most
equal to the sum of credit and market risk. By this diversification intuition,
integrated modelling of risks is seen as ultimately desirable but of second
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order importance.
For the case of variable rate loans it is obvious that the diversification

intuition does not work: Interest rate risk and credit risk are direct sub-
stitutes. It may seem to the bank that by issuing a loan with a variable
rate and refinancing it in the same repricing period, it bears no market risk
on this position. But the risk may materialise as a credit risk instead. If
interest rates rise it may be increasingly difficult for obligors with variable
rate loans to meet their payment obligations. Rising interest rates drive
up probabilities of default and exposure at default. Therefore interest rate
risk, although itself zero if loans are refinanced in the same repricing period,
enhances credit risk.1

In this chapter we argue that diversification between risk categories oc-
curs only under very special circumstances. In many standard risk man-
agement problems different risks can reenforce each other and lead to com-
pounding rather than diversification effects. We show that these effects
can be quantitatively significant even for very simple standard products like
variable rate loans.

2 Interaction channels between market and credit
risk

Standard credit risk models are constructed from four central parameters,
namely the probability of default (PD), the exposure at default (EAD), the
loss given default (LGD), and default correlations. Market price movements
play no role in standard credit risk models. There are, however, important
channels across which market and credit risk interact.

• PDs may depend on market prices. Often payment obligations de-
pend on market prices like interest rates, exchange rates or commod-
ity prices. A counterparty with given payment ability is more likely
to default if its payment obligation increases. This phenomenon was

1This effect is not covered by the regulatory treatment of interest rate risk in the bank-
ing book, as set out by the Basel Committee on Banking Supervision [2001], which restricts
to risk arising from the following sources. Repricing risk arises from timing differences in
the maturity (for fixed rate) and repricing (for floating rate) of bank assets, liabilities and
off-balance-sheet positions. Yield curve risk results from repricing mismatches exposing a
bank to changes in the slope and shape of the yield curve. Basis risk arises from imper-
fect correlation in the adjustment of the rates earned and paid on different instruments
with otherwise similar repricing characteristics. Optionality risk arises from the options
embedded in many bank assets, liabilities and off-balance-sheet portfolios.
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key at the onset of the subprime crisis in 2007, when rising interest
rates payanble on adjustable rate mortgages (ARMs) drove up default
frequencies.

• EAD may depend on market prices. The discounted value of an out-
standing loan depends on the interest rate at which future payments
are discounted. If the loan is in a foreign currency, its value addition-
ally depends on the exchange rate.

• LGD may depend on market risk factors. Collateral values are subject
to market price changes. For mortgages loss given default increases if
real estate prices drop.

• Feedback from PD to LGD. If default frequencies increase and banks
liquidate collaterals, this increased supply of collaterals will reduce col-
lateral values. For example the current drop in US real estate prices
was caused partially by banks selling real estate which served as col-
lateral to defaulted mortgages.

• Defaults may increase exposure to market risk. Positions hedged against
market risk might suddenly be exposed because one side of the hedge
defaults. For example in the Russian crisis of 1998 some Western
banks suffered severe losses from dollar/rouble futures. They held
opposite future positions with Russian and with Western counterpar-
ties. These hedged positions suddenly became unhedged when Russian
counterparties defaulted, and the open exposure was severely hit by
the simultaneous devaluation of the rouble.

This discussion can be put into a more general context. Breuer et al.
[2008] discuss in an abstract framework the argument of approximating total
economic capital by adding capital for market risk and credit risk calculated
separately. They show that for a portfolio in which the value of positions
depends on both market and credit risk factors, such an approximation is
exact if and only if the portfolio value is separable into a market and a
credit subportfolio. If some positions depend on both market and credit
risk factors, such a separation is not possible. In this case, compounding
effects can occur and they can be quantitatively significant.

Breuer et al. [2008] introduce an index I of market and credit risk inter-
action that measures the effect of risk under- or overestimation for a given
portfolio. Values of I above 1 indicate underestimation of risk in a tradi-
tional separate calculation contrasted with an integrated approach, values
below 1 indicate overestimation of risk in the tradtional calculation.
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3 A Model for Market and Credit Risk Interaction
in Variable Rate Loans

In the remaining sections we analyse the interaction of market and credit
risk in variable rate loans. For variable rate loans risks arise from the inter-
action between market and credit risk. A rise in the interest rate increases
payment obligations of obligors and thus triggers additional defaults. It also
increases EAD and LGD. In order to quantify the size of these interaction
effects we need a model which can describe the dependence of PD, EAD,
and LGD on interest rates. We use a structural credit risk model assuming
that an obligor defaults if his payment ability is smaller than his payment
obligation. Interaction channels involving collaterals will not be considered
here, although this is a very important topic.

The loan portfolio Consider a portfolio with N obligors indexed by i =
1, . . . , N . All loans are underwritten at initial time t = 0. The loan amount
is li and we assume that the bank refinances in the interbank market at the
same repricing intervals. After one period, at time t = 1, which we take
to be one year, the loan expires and the bank repays its liability on the
interbank market with an interest rate r and it claims from the customer
the amount li(1+ r+s), which is the original loan plus interest r rolled over
from four quarters plus a spread s. The customer’s payment obligation to
the bank at time 1 is

oi = li(1 + r) + li s . (1)

The first term on the right hand side is what the bank has to repay on the
interbank market, the second term is the spread profit of the bank.

We assume loans to have variable interest rates. The loan period is split
into four quarters. At the initial time bank and customer know the interest
rate for the first quarter. After each period the new interest rate is fixed as
the interbank rate plus the fixed spread. The interest rate r in the eq. (1)
is the average of the interbank rates over the four quarters. The average is
not known initially.

Whether an obligor will be able to meet this obligation depends on his
payment ability ai. Obligors default in case their payment ability ai at the
expiry of the loan is smaller than their payment obligation oi. In case of
default the customer pays ai instead of oi. The profit of the bank with
obligor i is therefore

Vi := min(ai, oi)− li(1 + r), (2)
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where the first term is what the bank actually receives from the obligor and
the second term is what the bank has to pay on the interbank market.

In the numerical examples we will consider portfolios of N = 100 loans of
li = e 10 000 by customers in the rating class B+, corresponding to an an-
nual default probability of pi = 2%, or in rating class BBB+, corresponding
to a default probability of pi = 0.1%.

Our portfolio is of course still stylised because it assumes that all loans
are underwritten at the initial time 0 and simultaneously expire at time
1. This simplification is however not essential to focus on the key ques-
tion we have in mind here: can we expect negative risk interaction to be
quantitatively negligible or not?

A simple integrated credit and market risk model We model the
ability of an obligor to repay his obligations as a function of macroeconomic
conditions and an idiosyncratic risk component. The form of our payment
ability process resembles firm value process in the model of Merton [1974]
but it is adapted to incorporate the macroeconomic influence as in Pesaran
et al. [2005].

Assumption 1. The payment ability at final time 1 for each single obligor
i is distributed according to

ai(1) = ai(0)
(

βi

(
GDP (1)
GDP (0)

− 1
)

+ 1
)
· ε, (3)

log(ε) ∼ N(µ, σ) (4)

where ai(0) and βi are constants, and µ = −σ2/2 ensuring E(ε) = 1. For
different obligors the realizations εi are independent of each other and of
GDP and r.

GDP(0) is the known GDP at time zero, GDP (1) is a random variable.
The distribution of εi reflects obligor specific random events. The support
of εi is (0,∞) reflecting the fact that the amount ai available for repayment
of the loan cannot be less than zero.

The initial payment ability ai(0) is related to the initial loan to value
ratio (LTV) by

LTV :=
li

ai(0)
.
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Assuming that for different customers the realizations of εi are independent
is the doubly stochastic hypothesis.2 Conditional on the path of macro and
market risk factors which determine the default intensities of all customers,
customer defaults are independent.

The constants βi are obligor specific. They describe the elasticity of
payment ability changes reacting to GDP changes. For β = 1 an 2% in-
crease in GDP will translate into a 2% increase in the expected payment
ability. For β = −2 a 2% increase in GDP will translate into a 4% re-
duction in the expected payment ability, describing an obligor in an an-
ticyclical industry. Denote by ri the relative payment ability change of
obligor i, ri := ai(1)/ai(0) − 1, and by rG the growth rate of real GDP,
rG := GDP (1)/GDP (0)− 1. Then we have

βi =
Cov(ri, rG)

Var(rG)
.

So the βi really are betas.
Our model is related to single factor credit risk models in that firm value

changes are correlated because of common dependence on GDP changes.
The correlation coefficient between payment ability changes of obligors i, j
is given by

Corr(ri, rj) = βiβj
Var(rG)√

Var(ri)Var(rj)
.

In contrast to single factor credit risk models, default correlations are caused
not just by the macroeconomic factor impacting firm values, but additionally
by a stochastic default barrier being driven by common factors, namely the
short term interest rate.

Calibration We use ratings which are intended to reflect PDs. Given
the present payment ability, PDs will depend on the loan amount resp.
LTV (higher PD for higher loan amount resp. higher LTV) and the obligor-
specific standard deviation σ of idiosyncratic payment ability changes (higher
PD for higher σ). In practice the initial payment ability, the initial LTV and
σ would be determined in the loan approval procedure, and the model then
delivers the resulting PDs. In this chapter, instead, we start from rating
classes (resp. PDs) and LTVs (resp. initial payment ability), and then work
out the corresponding σ from the model.

2See Duffie and Singleton [2003]. Note also that there is some empirical evidence that
the doubly stochastic hypothesis might be violated, cf. Das et al. [2007].
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Table 1: Calibration results. For given rating classes with corresponding PDs,
σ and spreads are determined for different initial LTV so as to achieve the required
PDs and the target expected profit. If LTV is too high, some rating classes are not
achievable, even with σ = 0.

rating LTV σ spread [bp]

B+ 0.17 0.73 205.1
B+ 0.25 0.58 197.2
B+ 0.50 0.30 181.1
B+ 0.83 0.07 165.6
B+ 0.91 0.03 162.5
B+ 0.95 0.004 160.9

BBB+ 0.17 0.53 161.3
BBB+ 0.25 0.41 161.1
BBB+ 0.50 0.21 160.6
BBB+ 0.83 0.05 160.2
BBB+ 0.91 0.02 160.1
BBB+ 0.95 impossible

Note that, as the model involves a default threshold oi that depends on
the spread s, one has to estimate σ and the loan spread jointly. This is
done as follows. The payment ability distribution must satisfy the following
condition:

pi = P [ai(1) < oi]. (5)

ai(1) is a function of σ and oi is a function of the spreads. We assume that
spreads are set to achieve some target expected profit for each loan:

E(Vi(σ, s)) = EPtarget, (6)

where Vi is the profit with obligor i and EPtarget is some target expected
profit. The two free parameters σ and s are determined from these two
conditions.

Specifically, the spread s for each rating class was set in such a way that a
target expected profit of e 160 on each loan is achieved, which amounts to a
20% return on an assumed capital charge of e 800 for a loan of e 10 000. The
resulting spreads are given in Table 1. We observe what we expect: within
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one rating class, high LTVs require low σ. Spreads may vary considerably
within the low rating class B+, with higher spreads being required for higher
σ. Within the high rating class BBB+, spreads hardly vary with σ.

The distribution of the macro risk factors r and GDP was estimated from
a Global VAR time series model adapted in Breuer et al. [2008]. Parameters
were estimated from quarterly data 1989–2005. Nominal GDP data for
Austria were from the IFS of the International Monetary Fund. For the logs
of risk factors, mean and covariance matrix of the estimated distribution are
as follows:

log(GDP) log(rEUR)

mean 5.446 1.246
std. dev. 0.0097 0.1870
correlations 1.000 0.291

1.000

Note the slightly positive correlation between GDP changes and interest rate
changes.

The distribution of the profit V , which is the sum over all loan profits
Vi in eq. (2), was calculated by a Monte Carlo simulation of 100 000 draws
from the distribution of the market risk factor r and the macro risk factors
GDP (1). In each macro scenario defaults of the customers’ payment abili-
ties were determined by draws from the distribution of the payment ability
process (3).

4 Size of Market and Credit Risk Interaction in
Variable Rate Loans

We compare integrated risk to the sum of market and credit risk by analysing
Expected Shortfall (ES) of market, credit, and integrated loss distributions.
The market loss distribution ∆M arises from value changes caused by mar-
ket risk factor moves, assuming no defaults are possible. The only relevant
market risk factor is the interest rate r. The credit loss distribution ∆C
reflects the value changes due to changes in the credit risk factors (GDP
and the idiosyncratic ε) disregarding the possibility that interest rates could
vary stochastically. The integrated loss distribution ∆V describes the value
changes caused by simultaneous moves of all risk factors.
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In order to exclude non-subadditivity of the risk measure as a possible
explanation for the the negative inter-risk diversification effect, we calculate
risk capital intended to cover unexpected losses as measured by ES. For a
loss distribution X, our definition of risk capital is

RCα(X) := E(X)− ESα(X), (7)

where ESα is ES beyond some quantile α, as defined e.g. in [Acerbi and
Tasche, 2002, Def. 2.6]. Standard deviations of approximation errors of ES
are calculated using the method of Manistre and Hancock [2005].

Results Table 2 displays the risk capital for market, credit, and integrated
risk for β = 1 and initial LTV at its median value in each rating class. The
key results are the integration indices I in the last column of the tables.
These indices indicate that integrated risk capital is higher than the sum of
credit and market risk capital by 4% to 14%.

Table 2: Risk capital for market, credit, and integrated risks of the
loan portfolios. The final column calculates the inter-risk diversification index I.
Standard deviations are shown in brackets. The initial income ai(0) was assumed to
be e 40 000 in rating class BBB+ and e 20 000 in B+, corresponding to an initial
LTV of 25% in BBB+ and 50% in B+. Elasticity of the expected payment ability to
GDP changes is β = 1. Standard deviations of risk capital numbers are in brackets.

(a) MR (b) CR (c) Integrated c/(a+b)
no CR no MR MR&CR interaction

α RC(∆M) RC(∆C) RC(∆V ) I

BBB+
10% 0 (0) 862 (14) 979 (15) 1.14
5% 0 (0) 1588 (20) 1721 (20) 1.08
1% 0 (0) 3042 (35) 3187 (36) 1.05
0.1% 0 (0) 4675 (87) 4859 (92) 1.04

B+
10% 0 (0) 3906 (24) 4178 (26) 1.07
5% 0 (0) 4851 (31) 5177 (32) 1.07
1% 0 (0) 6863 (59) 7301 (63) 1.06
0.1% 0 (0) 9679 (171) 10319 (168) 1.07

What is the reason for total risk being larger than the sum of market and
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Figure 1: Strength of negative integration effect in dependence of LTV
Left: Market, credit and integrated risk capital within one rating class in dependence
of initial LTV. The strength of the maling interaction effect is reflected by the dif-
ference between integrated risk and the sum of market and credit risk. It increases
with increasing LTV. Right: PD increased by an increase in the payment obligation,
within one rating class in dependence of initial LTV. For a loan with initial LTV
of 95% a 20% increase in payment obligation leads to virtually certain default. A
20% increase in the payment obligation drives up PDs in rating class B+ from 2%
to levels between 2% and 100%, depending on initial LTV. B+ rating, β = 1.

credit risk? One main risk of variable rate loans is the danger of increased
defaults triggered by adverse interest rate moves. This is captured neither by
pure market risk nor by pure credit risk models, but only by the integrated
risk model.

Note that for variable rate loans in home currency pure market risk
is zero. Under the assumption that no customer defaults and loans are
refinanced in the same repricing period, profits of the bank are certain and
do not depend on interest rates.

How does risk interaction depend on LTV? Remember that in
our model the rating of an obligor depends on both the initial payment
ability (which is inverse to LTV) and on the standard deviation σ of id-
iosyncratic payment ability changes. An obligor with higher LTV can be in
the same rating class only if he has less variation in idiosyncratic payment
ability changes. We compare in the same rating class obligors with low LTV
and high σ to obligors with higher LTV and lower σ.

Negative risk interaction gets stronger as LTV increases. Table 3 and
the left hand plot of Fig. 1 show how negative risk interaction strengthens
with increasing initial LTV. For an LTV of 95% integrated risk is almost 60
times higher than the sum of market risk and credit risk.
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Table 3: Strength of interaction within rating classes in dependence
of initial LTV. B+ rating, β = 1, quantile α = 1%. Standard deviations are in
brackets.

initial MR CR Integrated I
LTV no CR no MR MR&CR

0.17 0 (0) 14059 (113) 14545 (116) 1.03
0.25 0 (0) 11896 (100) 12345 (103) 1.04
0.50 0 (0) 6863 (59) 7301 (63) 1.06
0.83 0 (0) 1810 (17) 2334 (22) 1.29
0.91 0 (0) 835 (10) 1772 (22) 2.12
0.95 0 (0) 96 (13) 5721 (149) 59.45

What is the reason for this dramatic effect? For the loan with higher
LTV an increase in the payment obligation will lead to a sharper increase of
PD. Market risk enhances credit risk more violently if initial LTV is high.
This effect is displayed in the right hand plot of Fig. 1. For a loan with
initial LTV of 95% a 20% increase in payment obligation leads to virtually
certain default.

This effect has an intuitive explanation. Compare two loans with the
same PD, but with different LTV. The loan with higher LTV has a lower
initial payment ability and therefore needs a lower σ to achieve the same
PD. For this loan the payment ability distribution of eq. (3) will have lower
expected value and smaller variance. The slope of the density function at
the expected payment obligation will be steeper. Now an interest rate shock
drives up the payment obligation. This will increase the probability that the
payment ability is below the increased payment obligation. This probability
increase will be more acute for the loan with higher LTV.

The same mechanism implies that integrated risk within a rating class
is not monotone in LTV. With increasing LTV integrated risk decreases up
to some point, but then increases again. But both market risk and credit
risk within a rating class always decrease with rising LTV, as evident from
Table 3 and Fig. 1. For high LTV the increase in integrated risk is caused
by the increasing strength of the negative interaction effect. The difference
between integrated risk and the sum of market and credit risk reflects the
interaction effect. It increases with increasing LTV. The reason is that
market risk enhances credit risk more violently if initial LTV is high.
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Table 4: Sensitivity of results on the elasticity β of expected payment
ability on GDP changes. Rating class B+, initial LTV=0.5, quantile α = 1%.

MR CR Integrated risk
β no CR no MR MR&CR interaction

-2 0 (0) 6471 (57) 7044 (61) 1.09
-1 0 (0) 6515 (56) 7017 (59) 1.08
0 0 (0) 6691 (58) 7164 (62) 1.07
1 0 (0) 6863 (59) 7301 (63) 1.06
2 0 (0) 7287 (60) 7717 (64) 1.06

Sensitivity on β. In our macroeconomic model the correlation be-
tween GDP changes and interest rate changes is slightly positive, reflecting
a tendency of the central bank to cut rates when the economy is slowing
down. Therefore, positive GDP changes, which at high β tend to improve
the payment ability, are accompanied by rising interest rates, which increase
the payment obligation. High positive values for β should improve risk di-
versification across risk types. Indeed, Table 4 shows that negative risk
interaction is slightly alleviated for larger β.

5 Conclusions

In this chapter we challenge the traditional view that because of “diversifi-
cation” effects total economic capital will be smaller than the sum of market
risk capital plus credit risk capital. Negative interaction between market and
credit risk can require additional economic capital on top of pure market risk
and pure credit risk capital. Only if a portfolio is separable into market and
credit subportfolio, we can be sure that calculating economic capital inde-
pendently for market and credit risk and adding up we will always get more
than the necessary risk capital.

The value of a variable rate loan depends simultaneously on market and
credit risk factor. For such loans a comprehensive assessment of risk under
Pillar 2 will often have to set internal target capital levels higher than the
sum of market and credit risk capital, even after accounting for traditional
interest rate risk in the banking book. Neglecting the compounding effect
between market and credit risk will often underestimate the material risk
faced by the bank. The underestimation is more serious for loans with high
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loan to value ratios.
We do not claim that integrated risk will always be higher than the

sum of market and credit risk. The strength of the compounding effect
varies with correlations between market and credit risk factors (see Table 4),
with the relative size of market and credit risk, and with the confidence
level at which risk capital is calculated. We therefore do not propose a
universally valid add-on to account for the compounding effect. Whether
the compounding effect is present, and how large it is for a specific portfolio
should be determined individually with an integrated risk model. Vendor
models of credit risk are not sufficient if they do not allow for stochastic
interest rates.

An alternative interpretation of our results is possible. Increased PDs,
EADs, and LGDs triggered by rising interest rates are a novel form of in-
terest rate risk in the banking book. Interest rate moves trigger additional
counterparty risk. Accordingly, the Pillar 2 treatment of interest rate risk in
the banking book cannot only be based on the rules set out by Basel Com-
mittee on Banking Supervision [2001]. It might be appropriate to enhance
these rules to account for such additional counterparty risk.

References

C. Acerbi and Dirk Tasche. On the coherence of expected shortfall. Journal
of Banking and Finance, 26:1487–1503, 2002.

Basel Committee on Banking Supervision. Principles for the management
and supervision of interest rate risk. Technical report, Bank for Interna-
tional Settlemens, 2001. http://www.bis.org/publ/bcbsca09.pdf.

Thomas Breuer, Martin Jandacka, Klaus Rheinberger, and Martin Summer.
Regulatory capital for market and credit risk interaction: Is current reg-
ulation always conservative? Discussion Paper, Series 2: Banking and
Financial Studies 14/2008, Deutsche Bundesbank, 2008. http://217.
110.182.54/download/bankenaufsicht/dkp/200814dkp_b_.pdf.

S. Das, D. Duffie, D. Kapadia, and N. Saita. Common failings: How corpo-
rate defaults are correlated. Journal of Finance, LXII:93–117, 2007.

Darrell Duffie and Kenneth Singleton. Credit Risk. Princeton University
Press, 2003.

B. John Manistre and Geoffrey H. Hancock. Variance of the CTE estimator.
North American Actuarial Journal, 9(2):129–156, 2005.

13



Robert C. Merton. On the pricing of corporate debt: The risk structure of
interest rates. Journal of Finance, 29:449–470, 1974.

M. Hashem Pesaran, Til Schuermann, and Björn-Jakob Treutler. Global
business cycles and credit risk. Technical Report NBER Working Pa-
per No. W11493, NBER, 2005. Available at SSRN: http://ssrn.com/
abstract=762771.

14


