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@ The myth of ‘diversification’ between risk types

© Integrated versus separate analysis of market and credit risk

© Example: Loan portfolios
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Regulation of Market and Credit Risk:
The traditional view.

@ In the work of the Basel Commitee there has been a tradition to
distinguish market from credit risk and to treat both categories
independently in the calculation of risk capital.

@ Leaving aside operational risk, Pillar 1 of Basle Il requires separate
regulatory capital for market and credit risk:

RC. + RCp, (1)

@ In this paper we argue that this approach is problematic and that it
can lead to significant underestimation of risk.
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The Argument for ‘Diversification’ Benefits between
Market and Credit Risk

Premise 1 ‘Diversification’: Under a subadditive risk measure the risk of
the total portfolio will be smaller or at most equal to the
sum of the risk of the banking book and of the trading book.

Premise 2 Credit risk is just relevant to the banking book and market
risk is just relevant to the trading book.

Conclusion Under all subadditive risk measures total risk will be smaller
or at most equal to the sum of market risk and credit risk.

This argument is valid.
We criticise Premise 2 and the Conclusion.
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Related Research

o Literature that takes a critical view on the traditional risk
categorization and concentrating on modelling issues: Jarrow and
Turnbull [2000], Medova and Smith [2005], Barnhill and Maxwell
[2002].

o Literature that does not take issue with the traditional categorization
but looks at portfolios subject to market- and credit risk as
subportfolios of the overall bank portfolio: Rosenberg and
Schuermann [2006] and Dimakos and Aas [2004].
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© Integrated versus separate analysis of market and credit risk
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A formalization of separated and integrated risk analysis

@ Assume some separation of risk factors into market risk factors
described by a vector e € E and credit risk factors, described by a
vector a € A is given.

@ The value of the portfolio in dependence of a and e is given by the
function v: Ax E — R.

@ Market risk is defined as the value change of a portfolio which arises
from moves in market risk factors, assuming that credit risk factors
are constant at some ag:

Am(e) := v(ap, e) — v(ap, €).

o Credit risk deals with value changes caused by moves in credit risk
factors, assuming all market risk factors are constant at eg:

AC(B) = V(av eO) - V(307 eO)‘
@ Integrated risk is the value change caused by simultaneous moves of
market and credit risk factors:

Av(a,e) == v(a,e) — v(ao, €). 2vadi
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Approximation of regulatory capital by adding up categories

In a separate analysis of market and credit risk regulatory capital for
market and credit risk are simply added up. This amounts to assuming
that integrated risk is approximately the sum of market risk plus credit risk:

Av(a,e) = Ac(a) + Am(e).
This corresponds to the approximation

v(a,e) = v(ag, &) + Ac(a) + Am(e) =: V(a, e).
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Approximation errors can go both ways

Our main message is that the approximation Ac(a) + Am(e) not always
overestimates but sometimes underestimates the true integrated Av. If in
some scenario (a, €) the approximation error

d(a,e) = Av(a,e)— Ac(a) — Am(e)

= v(a,e)—V(a,e)

is negative, we have a malign risk interaction. If d is non-negative in all
scenarios, we have a benign interaction effect.
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A classification of portfolios where the approximation is
exact

Proposition

The approximation is exact, that is Av(a, e) = Ac(a) + Am(e), if and
only if v has the form

v(a,e) = vi(a) + wa(e).

for some functions vy, v».
In this case the portfolio is separable into two subportfolios, one depending
only on credit risk factors, the other depending only on market risk factors.

v
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Separate analysis may underestimate total losses

value change Av

market risk factor e
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Measuring the effects of integrated risk analysis

e Given a distribution on the space (a, e) of scenarios
these properties of the value function v
carry over to profit distributions:
For a (total, market, credit) profit distribution X risk capital is

RCa(X) = E(X) — ES4(X), (2)

where ES,, is Expected Shortfall at some confidence level a

@ We measure the integration effect by an index:

L RC(Av)
7 RC(Ac) + RC(Am)

l,e; measures the percentage amount by which total risk exceeds the
sum of market and credit risk.
l,e; = 1: neither positive nor negative integration effects.
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How do market and credit risk interact?

@ PD may depend on market risk factors
adjustable rate mortgages: interest rate increase drives up PD.
carry trades: FX rate increase drives up PD

@ EAD depends on market risk factors

@ LGD depends on market risk factors
subprime mortgage: collateral real estate loses value

@ Feedback from PD to collateral
Increased defaults trigger fire sales of collateral
and market prices of collateral fall

@ Defaults increase exposure to market risk
by deleting one side of hedge
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Can risk underestimation matter in a real world example?

@ Portfolio of foreign currency loans with N obligors indexed by
i=1,...,N, one period.

o Customer’'s payment obligation to the bank at time 1 in home
currency is

oj = li(1+r) £(1)/f(0) + /i s £(1)/£(0)

@ The payment ability of obligor i is distributed according to

GDP(1)
i(1) = ai(0) "€
a(l) = 20 ¢pp(g) ¢
log(e) ~ N(u,0)
where m and a(0) are constants, and y = —02/2 ensuring E(¢) = 1.

For different obligors the realizations of ¢; are independent
@ Let obligor i’s payment ability be a;. The profit bank makes with
obligor i is

vi := min(aj, 0;) — li(1 + r)f(1)/£(0). Ll ONB
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Payment ability distribution under GDP shifts

Payment ability of B+ obligor, in three GDP scenarios,
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Calibrating the integrated risk model to a rating system

@ Let p; be the annual default probability
pi = Plai(c) < oi(s)]

@ Spreads are set to achieve some target expected profit for each loan:
E(vi(o,s)) = EPtarget,

where v; is the profit with obligor i and EPtarget is some target
expected profit.

@ The two free parameters o and s are determined from these two
conditions.
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Portfolio and Monte Carlo Simulation

@ N =100 loans of /; = 10 000 EUR taken out in CHF by customers in
the rating class B+ (p; = 2%), or in rating class BBB+ (p; = 0.1%).

@ Bank extends loans only to customers with a;(0) equal to 1.1 times
the loan amount.

@ Profit distribution calculated by a Monte Carlo simulation of 100 000
draws from the distribution of market and macro risk factors
f(1), GDP(1), and r. In each macro scenario defaults of the
customers' payment abilities were determined by draws from the
distribution of the payment ability process.
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Expected Shortfall of different risks for the foreign
currency loan portfolio.

rating « RC(Am) RC(Ac) RC(Av) el
BBB+ 10% 1 059 0 1193 1.13
BBB+ 5% 1234 0 1522 1.23
BBB+ 1% 1576 0 3 056 1.94
BBB+ 0.5% 1 698 1 4 641 2.73
BBB+ 0.1% 1951 3 16 076 8.22
B+ 10% 1102 795 2711 1.43
B+ 5% 1285 1022 4 420 1.92
B+ 1% 1 641 1523 11 201 3.54
B+ 0.5% 1768 1730 15 658 4.48
B+ 0.1% 2 032 2 257 32 568 7.59
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Expected Shortfall of different risks for the home currency
loan portfolio.

rating « RC(Am) RC(Ac) RC(Av) el
BBB+ 10% 0 48 132 2.75
BBB+ 5% 0 102 238 2.33
BBB+ 1% 0 310 462 1.49
BBB+ 0.5% 0 396 556 1.40
BBB+ 0.1% 0 589 774 1.31
B+ 10% 0 961 1 257 1.31
B+ 5% 0 1222 1 582 1.29
B+ 1% 0 1 805 2 299 1.27
B+ 0.5% 0 2 052 2 504 1.26
B+ 0.1% 0 2 601 3 260 1.25
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Conclusions

@ The traditional approach of treating market and credit risk separately
in current regulation is problematic because many portfolios are not
separable along these categories.

@ Current practice of determining regulatory capital is conservative only
if such subportfolios can be constructed.

o If portfolio positions depend simultaneously on both market and
credit risk factors a separation into subportfolios of market and credit
risk leads to wrong valuation and as a consequence to wrong
assessment of the true portfolio risk.

@ The approach of treating market and credit risk separately for the
calculation of regulatory capital should be reconsidered.
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