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Assessing Credit Risk in a Financial Institution’s
Off-Balance Sheet Commitments

John Hull*

Abstract

The first part of this paper presents a general approach to valuing a financial institution's
contracts when there is credit risk. The approach uses contingent claims pricing theory
and is particularly appropriate for an off-balance sheet contract, such as a swap, that can
have either a positive or a negative value to the counterparty. The second part of the paper
extends the analysis by considering the problem, faced by bank supervisory authorities, of
determining capital requirements for off-balance sheet contracts.

I. Introduction

During the 1980s, there has been a rapid increase in the off-balance sheet
commitments of major banks. Amang the contracts that have led to this increase
are swaps, forward rate agreements, curtency options, interest rate caps, bank-
ers’ acceptances, note issuance facilities, and revolving underwriting facilities.
Assessing the risks posed by these contracts has now become critically important
to stock market analysts, to bank supervisory authorities, and to the banks them-
selves.

Two types of risk can be distinguished in off-balance sheet commitments:
credit risk and market risk. Credit risk arises from the possibility of default by the
counterparty. Market risk arises from the possibility of adverse movements in
market variables such as interest rates and foreign exchange rates. Market risks
can be hedged. Credit risks, by contrast, cannot usually be hedged. It is credit
risks that are the main concern of this paper.

Traditionally, the capital adequacy of a bank has been measured using bal-
ance sheet ratios such as equity: total assets. The growth of off-balance sheet
commitments has made these ratios less relevant. As a result, most bank supervi-
sory authorities are now maving towards a credit risk weighting scheme for mon-
itoring capital adequacy.! This scheme involves assigning to each on- and off-
balance sheet item a weight reflecting its relative credit risk. Minimum levels are
then set for the ratio of capital to total risk-weighted exposure.

* Faculty of Managetment, University of Toronto, Ontario M35 V4, Canada. The author would
like ta thank David Pyle, Alan White, and Anthony Santomero, a JFQA referee, for making several
comments that have led to significant improvements in this paper.

| See Bank for International Settlements (1988} and Federal Reserve Board and Bank of Eng-
land (1987).
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The first part of this paper discusses how credit risk can be taken into ac-
count in the valuation of financial contracts. Other research has considered this
question with reference to particular contracts. For example, Kane (1980) ana-
lyzes the effect of credit risk on forward and futures contracts, Johnson and Stulz
(1987) show how options can be valued when there is credit risk; Whittaker
(1987) considers the effect of credit risk on the valuation of interest rate swaps.
The approach taken in this paper is more general and can, in principle, be applied
ta any off-balance sheet (or on-bhalance sheet) contract.

The second part of the paper discusses how capital requirements should be
set so that they reflect the credit risk in off-balance sheet items. Santomera and
Watson (1977} provide an excellent discussion of the objectives of bank regula-
tors in setting capital requirements. They argue that regulators wish to reduce the
probability of bankruptcy to an acceptable level and are faced with a trade-off
hetween the costs associated with bank failure and the costs arising from forced
overcapitalization. The discussion in the paper builds upon the work of these
authors and upon the work of authors, such as Arak et al. (1987), Belton (1987),
Coaper and Watson (1987}, and Wall and Fung (1987), who have considered the
credit risk in swaps and other off-balance sheet contracts.

The rest of the paper is organized as follows. Section II shows how an off-
balance sheet contract can be valued when there is credit risk. Section III applies
the ideas in Section II to currency swaps. Section IV presents a set of assump-
tions necessary to justify credit risk weighting. These assumptions are discussed
in Section V. Conclusions are in Section VI.

Il. Valuation of Contracts when There is Credit Risk

The option of a borrower to default on a debt contract has been widely dis-
cussed in the finance literature. It is generally assumed that, when the value of a
company's liabilities exceeds the value of its assets, the company goes bankrupt
and defaults on its liabilities.

Some off-balance sheet contracts, such as swaps and forward rate agree-
ments, differ from debt contracts in that they can have either positive or negative
values to the counterparty at any given time. In other words, they can be either
assets or liabilities to the counterparty. We can reasonably assume that default
will take place on these contracts only when the following two conditions are
satisfied:

1. the counterparty is bankrupt, and

2. the value of the contract to the counterparty {assuming that it chooses not to
default) is negative.

Note that Condition 2 is not redundant. [t is possible for a counterparty to experi-
ence financial distress even though it has pasitive value in one particular con-
tract. Our assumption is that, if a counterparty goes bankrupt when the contract
has a positive value to the counterparty, the counterparty is able to sell the con-
tract to a third party, or rearrange its affairs in some way, so that its positive
value in the contract is not lost.2

2 Ofiten, contracts can be sold, providing the credit risk of the new counterparty is satisfactory.
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The default option in an off-balance sheet contract can be viewed as a con-
tingent claim. There is now a well-established literature on the valuation of con-
tingent claims. The risk-neutral valuation arguments of Cox and Ross (1976)
show that claims contingent on the prices of traded securities can be valued on
the assumption that the world is risk neutral. These arguments have been ex-
tended by Cox, Ingersoll, and Ross {1985), who show that any claim can be
valued by reducing the proportional drift rate of each underlying variable by the
product of its market price of risk and its volatility, and then assuming that the
world is risk neutral.3 This is true for history-dependent contingent claims as
well as for contingent claims that are dependent only on the current value of the
underlying variables.

Consider an off-balance sheet contract dependent on a number of state vari-
ables and time, ¢. Define:

V(r) = wvalue of off-balance sheet contract to bank at time ¢, if there has
been no bankruptcy by the counterparty up to and including time ¢,

fi)Ar = probability of bankruptcy by the counterparty between times ¢ and
t+ At
Uty = value of contract to bank at time ¢, assuming no default options,

W(r) = value of future default options to the counterparty at time f, and
T = life of the contract.

Bath V and U can be positive or negative. The value of the contract to the
counterparty is the reverse of its value to the bank. Thus, with no default possi-
bilities, its value to the counterparty is — U and, when default possibilities are
taken into account, its value to the counterparty is — V. For ease of exposition,
we assume no recoveries are made in the event of a default.* We also assume that
the state variables affecting the probability of bankruptcy have zero market price
of risk and are independent of the state variables affecting /.

A, Formuiation 1
In our first formulation of the problem, we make the following assumptions;

1. there is no possibility of default by the bank, and

2. if the counterparty goes bankrupt, it has the option of selling the contract to
another counterparty whose default risk is zero.

The second assumption implies that, if a counterparty goes bankrupt and sells the
contract, there will be no further defaults and the contract is worth — U/ to the
new counterparty. It follows that, when bankmuptcy accurs, the original counter-

Clauses such as **consent to assignment to a third party will not reasonably be withheld’* are com-
mon. Ideally, the bank would like to prohibit assignment to a third party whenever it feels that this is
being done because of an impending bankruptey. [n practice, this is likely to be difficult. An issue
related to the treatment of contracts in the event of bankruptcy is known as netting. Some banks have
argued that when they have several contracts with the same counterparty, only the net exposure is
relevant for determining capital requirements because a default on one contract will trigger defaults
on the other contracts.

3 For a discussion of this result, see Hull ((1989), Chapter 7}.

* The analysis can easily be modified to allow for partial recoveries.
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party can choose between (a) defaulting on the contract and (b) realizing an
amount — U for the contract. Hence, default will take place if {7 = Q. The loss to
the bank arising from bankruptcy by the counterparty is, therefore, max(U, 0}.3
This loss can be regarded as the payoff from a contingent claim. Using the Cox,
Ingersoll, and Ross extension of the risk-neutral valuation argument, W(0) is the
discounted expected value of the default option in a world in which all state vari-
ables (i.e., those affecting U and those affecting bankruptey probabilities) have
risk-adjusted drift rates. The variables affecting bankruptcy probabilities are as-
surned to have zero market price of risk so that no risk adjustments are necessary
to f. Since the vartables affecting I/ are independent of the variables affecting
bankruptcy probabilities, we can integrate over the former first to obtain

T
m Wy = [cofwa,
]

where C(¢) is the value of a contingent claim that pays off max(U, 0) at time 1.
(This contingent claim is a European call option on UV with exercise price zero
and maturity date, r.) The value of the contract at time O, V(0), can be calculated
from (1) and the identity

(2) V() = U0 - WD) .

B. Formulation 2

In our second formulation, we assume
1. there is no possibility of default by the bank, and

2. if the counterparty goes bankrupt at time 7, it has the option of selling the
contract to a new counterparty that has a probability f{f)Ar of going bank-
rupt between times f and ¢ + At (¢ = 7).

In this case, if bankruptcy occurs and the contract is sold, it is warth — V to the
new counterparty. It follows that, in the event of bankruptey, the counterparty
can choose between (a) defaulting on the contract, and (b) realizing an amount
—V for the contract. Hence, default will take place when V > 0. The default
costs the bank [7.6 If V < 0, there is, in this formulation, a chance that there will
be future defaults. Hence, when a bankruptcy occurs, W = Uif V> 0,and W =
U-Vifv<o,ie.,

3 W =U+ max [—V,0] .

The value of W(0) is given by Equation (1) with C(r) being defined as a contin-
gent claim that pays off U(r)+max[—V(), 0] at time ¢ Since V() =
L(r)y— W(1), the situation. is more complicated than before. As will be iltustrated
in the next section, the lattice approach of Cox, Ross, and Rubinstein (1979) can
be adapted to value the default option numerically.

3 Nate that the loss is not max(V,0). In essence, we are using {7 as our benchmark for determin-
ing the value of the contract to the bank, and we are considering different ways in which positive £s
can be lost by the bank.

8 Note that the cost of the default is &/, not ¥ (see footnate 5).
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lll. Application to Currency Swaps

Here, we show how the models developed in Section I can be used to value
the default option in currency swaps.

A plain deal currency swap is a contract in which principal and fixed-rate
interest payments on a loan in one currency are exchanged for principal and
fixed-rate interest payments on a similar Joan in another currency. Suppose that a
bank is making payments in U.S. dollars and receiving payments in the foreign
currency. The bank is long a foreign-denominated bond and short a U.5. dollar-
denominated bond. The value of the swap, assuming no defaults, is given by

(4) U= 5B, -8,

where By is the default-free value, measured in the foreign currency, of the for-
eign-denominated bond; B, is the default-free value, measured in U.S. dollars,
of the dollar-denominated bond; and § is the exchange rate (i.e., the value, mea-
sured in the domestic currency, of one unit of the foreign currency).

To simplify matters, we assume that the term structure of interest rates in
both currencies is flat and that interest rates are constant. We also assume that
payments are made under the swap every 6 months and that the payments made
equal the risk-free rates of interest in the two currencies. We also assume that the
probability of bankruptey by the counterparty in time Ar, conditional on no ear-
lier bankruptey, is AA¢ where A is a constant.

Consider first Formulation 1 in which the probability of default by the bank
is zero and, if the counterparty goes bankrupt when I/ << 0, the contract is sold to
anew zero-risk counterparty.

Suppose that payment dates are at times #,, #,, ..., t,, and that time zero is
denoted by 7,. Under the assumptions made, the probability, ¢;, of the counter-
party going bankrupt between times ¢, _, and ¢, is given by

4 = exp(—)u!,”l) — cxp(—hr{.).

If U(z) > 0, a bankruptcy between times 1, and r; leads to 2 default at time z,.7
Equation (1}, therefore, becomes

(5) W = iqic(:‘.) ‘

Immediately prior to a payment date

(6) B, = AF(1+2F),

(7 B, = AD(l-l-zD) ,

? This assumes that the bankrupt company is able to wait until time ¢, before deciding whether to
default.
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where A is the face value of the foreign bond measured in the foreign currency,
Ap is the face value of the domestic bond measured in the domestic currency, and
2p and zj are the coupon payments in the two currencies. From the assumptions
that have been made

z, = Z[exp(O.SrF)—l} \

and

Il

2, 2 [cxp(O.SrD)— 1] .

where rp and rp, are the continuously compounded foreign and domestic risk-free
rates of interest.
From Equation (4},

max (U,0) = By max (S—Bp,/B,,0).

It follows from Equations (6) and (7) that C(t)) is the value of A1+ z;) Euro-
pean call options on a foreign cwtency with exercise price, X, equal to
[Ap(t 4+ 2p)V[Ag( + 25)]. If we assume that § follows geometric Brownian mo-
tion with constant volatility, o, the price of each of these options is shown by
Biger and Hull (1983), Garman and Kohlhagen (1983), and Grabbe (1983) to be

(8} Scxp(— rFti)N(dl) - Xexp(-roxi)N(dl) .

La¢S/X) + (r,—r.+a*/2)e,
where d, = %) (D F )‘,and

i
o

dy = d, ~ o [

In Table 1, Equation (5) has been used to calculate the value of the default
option when A = 0.0], o = 0.06, A, = 100, B = 100, and the initial value of
S is 1.0. As might be expected, the value of the default option increases with
both o and the life of the swap. Note that it is significantly higher when rp < rp,
than when rr > rp. This is because, when 1y << rp, the foreign currency is ex-
pected to appreciate over time and the bank’s swap hasg a greater chance of be-
coming in-the-money than out-of-the-money.8 Similarly, when rg > rp, the
swap has a greater chance of becoming out-of-the-money than in-the-money.

When Formulation 2 is used, the default option can be valued using the
binomial lattice approach of Cox, Ross, and Rubinstein (1979). In a small time
interval (r,r+ Ar), § is assumed to move up to Su with probability p and down to
Sd with probability | —p

wherey = exp(cJﬁ}),

1 An alternative way of understanding this is as follows. When rp < ry, the bank can expect a
net outflow on the early payment dates and a significant inflow when principals are exchanged at the
end of the life of the swap. [f bankruptey occurs, the final exchange of principals never takes place.
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TABLE 1

Value of Default Option on a Currency Swap using Formulation 1 when the Principals, A, and
Ag, in the Two Currencies are Both 100, the Initial Exchange Rate, 8, is 1.0, the Domestic
Interest Rate, rp, is 6 percent per Annum, and the Parameter, &, in the Poisson Process
Generating Defaults is 0.01.

Fareign
Risk-Free Yolatility
Interest of Exchange :
Rate, 7, Rale, ¢ Life of Swap (Years)
(% p.al (%pa}l 5 1Q 1
5 Q.42 1.42 275
2 10 Q.62 1.59 296
15 Q.64 1.84 331
5 0.25 Q.75 1.35
4 10 0.37 1.01 1.72
16 050 1.30 2.15
5 013 0.30 0.45
4] 10 026 Q.59 .89
15 0.39 (.89 1.33
5 Q.06 Q.09 0.1
a8 10 018 Q.33 .43
1h 0.30 0.59 0.80
5} 0.03 0.03 0.03
10 10 012 018 0.20
15 0.23 0.39 047
= l/u,
= (a—d)/(u—d}, and
a = expl(rp—rpArl.

The probability of default during the time interval is
exp(—Ar) — exp(—A(t+AD) .

Denoting this by g(z),
) Visny = e ™ [pX, + (1-p)X,] + Q(S.0)
where X, = V(Su,t+ Af) — g(O)[U(Su,t+ A) + max( — V(Su,t+ A1), 0)],

I

X, Vi(Sd,r+ Ar) — g(O[U(Sd ¢t + Ar) + max( — V(34,t + A1), 0)],

and (8,1 is the financial institution’s cash flow, if any, from the swap between
times r and ¢+ Az, discounted to time 1. The value of the swap immediately prior
to time T is known to be Spd (1 + zz) —Ap(L + zp), where Sy is the exchange rate
at time T. Equation (9) can be used repeatedly to work back from time T ta time
0.

The results of using this approach for the same parameter values as before
are shown in Table 2.2 As might be expected, the values of the default option in

% Ta increase accuracy, the lattice was used to calculate the differences between the value of the
default option under Formulation 2 and the value of the default option under Formulation 1. The
number of time intervals used for each result was 60,
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Table 2 are very close ta, but slightly higher than, the corresponding values in
Table 1.

TABLE 2

Value of Default Option on a Currency Swap using Formulatian 2 when the Principals, Ap and
Ag, in the Twa Currencies are Both 100, the Initial Exchange Rate, 8, is 1.0, the Damestic
Interest Rate, ry, is 6 percent per Annum, and the Parameter, X, in the Poisson Process
Generating Defaults is 0.01.

Foreign
Risk-Free Wolatility
Interest of Exchange Lite of Swap (Years
Rate, r; Rate, o p( )
(% p.al (% p.a)l ] 10 1
5 0.42 1.43 278
2 10 .52 1.60 299
15 0.64 1.86 3.35
5 0.25 0.75 1.36
4 10 0.38 1.02 1.74
15 0.51 1.31 2.18
5 0.13 0.30 0.45
6 10 0.26 0.80 0.91
15 0.40 0.890 1.35
5 0.08 0.08 0.11
a8 10 0.18 0.33 0.43
15 0.30 0.59 0.81
5 0.03 0.03 0.03
10 10 Q12 0.18 0.20
15 0.23 0.39 0.48

The analysis in this section can be used for plain vanilla interest rate swaps.
A plain vanilla interest rate swap is an agreement to exchange fixed-rate interest
payments on a certain notional principal for floating-rate interest payments on the
same notional principal. Consider a bank that is receiving fixed and paying float-
ing. Define

A = notional principal in the swap,
B,

value of a bond with principal A, and coupons equal to the fixed pay-
ments underlying the swap, and

B, = value of a bond with principal A, and coupons equal to the floating
payments underlying the swap.

In this case,

Immediately prior to payout date, 1,

BZ:A+y1.,
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where y; is the floating-rate payment required at time ¢;. Hence,
max (U,0) = max (B—A—-y,.0).

The value of the default option in Formulation 1 is, therefore, given by Equation
(5), with C(z)) being the value of a security paying

max (Bl —A—yl.,(])

at time ¢,. The security is a call option on a bond with exercise price A + y;. Since
¥; {f > 1) is unknown at time zera, this option cannot be valued using standard
analytic models. However, Monte Carlo simulation can be used.

IV. Assumptions to Justify Credit Risk Weighting

In July 1988, the Bank for International Settlements published a nsk
weighting scheme that had been approved by the Group of Ten central-bank gov-
ernors. This scheme involves assigning to each asset and off-balance sheet con-
tract a weight reflecting its risk per dollar of principal. Floating-rate loans to
corporations are chosen as a benchmark and assigned a risk weight of 1.0. The
total risk-weighted exposure is calculated as the sum of the products of the risk
weights and principals for all assets and off-balance sheet contracts. Capital ade-
quacy is monitored by setting minimum. levels for the ratio of bank capital total
risk-weighted exposure. 10 Risk weights for off-balance sheet contracts are calcu-
lated using specified ‘‘credit conversion factors.”’ A credit conversion factor is
the ratio of the risk weight for an off-balance sheet contract to the risk weight for
a floating-rate loan with the same maturity, counterparty, and principal as the
off-balance sheet contract.

Kim and Santomero (1988) discuss risk weighting schemes in the context of
the current fixed-rate deposit insurance system. In this section, we take a more
general approach and consider the assumptions necessary to justify credit risk
weighting. In Section V, these assumptions will be critically reviewed.

Consider a bank supervisory authority that is setting a bank’s capital re-
quirements at time ¢. Following Santomera and Watson (1977), we assume that
its objective is to ensure that the probability of the bank’s capital dropping to zero
between times ¢ and ¢ + s is less than some level 7 for some 5. We assume that no
new capital issues are made between times ¢ and ¢+ 5 and that, at time ¢+ s, new
capital requirements are specified by the supervisory authority.

We will shaw that credit risk weighting, as outlined above, can be justified
when the following assumptions are made:

1. Banks have very large portfolios of commercial loans and off-balance sheet
contracts.

2. The process generating bankruptcies is the same for all counterparties—
bath those with loans contracts and those with off-balance sheet cantracts.

19 Under the agreed intemational standard, twa definitions for bank capital are used. The first is
“equity less goodwill™'; the second includes other items such as subordinated term debt. The stan-
dards require that, by 1992, the ratio of bank capital to tatal risk-weighted exposure be greater than
0.04 when the ficst definition is used, and greater than 0.08 when the second definition is used.
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3. Average recoveries made in the event of a default are the same for all con-
tracts.

4. The exposures on two different off-balance sheet contracts at any given
time are independent.

5. The exposure on each off-balance sheet contract is independent of the vari-
ables underlying the process generating bankruptcies.

Consider one particular bank. The proportion of counterparties that go
bankrupt between times ¢ and ¢ + s is uncertain. However, assumptions I and 2
imply that it can, to a reasonable approximation, be assumed to be the same for
both commercial loans and off-balance sheet contracts. Suppose that this propor-
tion is b. The exposure on each defaulting loan can be assumed to be a random
sample from the distribution of loan principals. Suppose that the number of loans
is n and £, is the principal amount of the ith loan (1 = i < r), Since # is large, the
Central Limit Theorem can be used to show that the total exposure on all default-
ing loans is appraximately bZ,L,, and the lass on the loan portfolio is approxi-
mately

b(l—y)ZL!.,

where y is the average proportion of a defaulting loan that is recovered. !

Suppose next that there are m off-balance contracts. The bank's exposure on
the jth off-balance sheet contract is max(l/ {1 0, where [/ J-(l = j =< m) is the value
of the cantract to the bank, assuming no default possibilities. With Assumptions
4 and 5, the Central Limit Theorem can be used to show that the total lass on the
off-balance sheet portfolio between times ¢ and ¢+ 5 is approximately

b(l—y)Z‘E( max (U}.,O)),

where E denotes expectations taken over all possible values of U, and ail times
between £and £+ 5.

It follows from the above that the bank’s total loss between times ¢ and £+ 5
is approximately

b(1—y) [ZL‘. + ZE( max (Uj,o)] .

Let 5* be the value of b that has a probability 71 of being exceeded., It fol-
lows that the required capital, H, should be

(10) H = b*(1—y) [ZLE + > E max (Uj,(])] ,
i i _,f

1L The ime value of meney is assumed to affect the losses oo all contracts equally.
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This equation shows that the capital requirement of loan i should be 5*(1 —y)L,,
and the capital requirement of off-balance sheet contract j should be
b*(1 —y)E[max(U;, 0)]. It implies that a credit risk weighting scheme is appro-
priate with the credit conversion factor, «, for the jth off-balance sheet contract
being

(1 a =

where A, 1s the principal amount of the contract. This can be calculated using
similar approaches to those discussed in Sections II and III.

The above argument shows that the assumptions in 1 to 5 above are suffi-
cient for a risk weighting scheme ta be applicable. If any of the assumptions are
relaxed, it is possible to provide an example of a situation where risk weighting is
inappropriate. We can, therefore, conclude that the conditions are both necessary
and sufficient.

The credit conversion factor, under the assumptions made, is the ratio of the
expected payoff from the default option on the off-balance sheet item to the ex-
pected payoff from the default option on the loan. As will be evident from the
discussion in Section I, this is only equal to the ratio of the values of the two
options when the world is assumed to be risk-neutral and the assumptions in For-
mulation | are made.

It is interesting to note that as s approaches zero, Equation (11) becomes

max (Uj . 0)

A
i

The credit conversion factar is then simply equal to the ratio of the current expo-
sure on the contract to the principal amount of the contract. 12 If the contract is
aut-of-the-money, the credit conversion factor is zera.

V. Limitations of Credit Risk Weighting

A number of the assumptions made in Section IV are questionable. First,
the bank’s portfolio has to be sufficiently large that b and y are the only variables
affecting the total losses experienced on all contracts. As the size of the portfolio
decreases, the tails of the distribution of losses become fatter, and the capital
requirement given by Equation (10) becomes too low. Supervisory authorities
have, in the past, recognized this and have set the capital:assets ratio higher for
small banks than for large banks. In the case of many off-balance sheet contracts,
there is not only uncertainty as to whether a default will take place, but also

12 Far swaps and similar contracts, the new international standard gives bank supervisory au-
thorities a choice between two calculations. Under the flrst ealeulation, contracts are marked to mar-
ket frequently and « is set slightly higher than its value in (12). This corresponds to using a very small
value of 5. Under the second calculation, o remains the same throughout the life of the contract. This
corresponds ta using a value of 5 equal to the life of the contract.
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uncertainty as to the size of the bank’s expasure at the time of the default. It,
therefore, is likely that as the size of a bank decreases, the ““fat tails’ effect
causes the capital requirements to increase proportionately more for off-balance
sheet items than for on-balance sheet items. This means that the credit conver-
sion factors given by Equation (11) will tend to be too low for small banks.

The second questionable assumption is that the exposures on twao different
off-balance sheet items at any future time are independent. In many situations,
this is likely to be untrue, and a large movement in interest rates or exchange
rates may have a significant effect on the average exposure per contract in a large
portfolio of off-balance sheet contracts. The effect of a dependence between off-
balance sheet items is to make the tails of the distribution of losses from them
fatter and the credit conversion factors given by Equation (11) too low. The
credit risk weighting scheme is no longer valid because the incremental effect of
a new contract on the loss experience depends on the other contracts in the port-
folio.

A final questionable assumption is that the exposure on each off-balance
sheet contract is independent of the process generating bankruptcies. In general,
bankruptcies can be expected to depend on macroeconomic variables such as the
level of interest rates and exchange rates. These are the very variables that deter-
mine the exposures on many contracts. If it is argued that bankruptcies became
more likely when interest rates are high, there is same comfort for banks as far as
their interest rate swap portfolios are concerned. In a matched pair of plain van-
illa interest rate swaps, the counterparty with the higher credit risk tends to be the
one paying fixed and receiving floating. The bank has a positive exposure as far
as this counterparty is concerned only when rates are low.

Even if, from a macroeconomic perspective, there is na relationship be-
tween interest rates and bankruptey risk, there may be some relationship for any
given counterparty. Consider an interest rate swap with a counterparty that is
paying fixed and receiving floating. If the counterparty is a speculator, the proba-
bility of bankruptcy will, as a result of the swap, increase as rates decrease. [f the
counterparty is perfectly hedged, there should be no relationship between bank-
ruptcy and interest rates. If the counterparty is using the swap as a partial hedge,
the probability of bankruptey will increase as rates increase. 3

VI. Summary

This paper has presented a mode] for valuing financial contracts where there
is credit risk. In some circumstances, the model can be evaluated analytically. In
other cases, an extension of the Cox, Ross, and Rubinstein lattice approach is
appropriate.

The paper has also considered the credit risk weighting schemes now fa-
vored by bank supervisory authorities. It has presented a set of assumptions nec-
essary to justify such schemes. The key assumptions are that every bank has a
very large portfolio of loans and off-balance sheet contracts, that the future expo-
sures on two different contracts are independent, and that the exposure on any
given contract is independent of the probability of bankruptey. The paper has

13 This point was made by Belton {1987).
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argued that, in practice, these assumptions are questionable. The appropriate risk
weight for an off-balance sheet contract is likely to depend on the size of the
bank, the other contracts in the bank’s portfolio, and the objectives of the coun-
terparty when it entered into the contract.
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