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Swap Rates and Credit Quality

DARRELL DUFFIE and MING HUANG*

ABSTRACT

This article presents a model for valuing claims subject to default by both contracting
parties, such as swaps and forwards. With counterparties of different default risk, the
promised cash flows of a swap are discounted by a switching discount rate that, at
any given state and time, is equal to the discount rate of the counterparty for whom
the swap is currently out of the money (that is, a liability). The impact of credit-risk
asymmetry and of netting is presented through both theory and numerical examples,
which include interest rate and currency swaps.

THIS ARTICLE PRESENTS A model for valuing claims subject to default by both
contracting parties, such as swaps and forwards. This extends the valuation
model for defaultable claims proposed by Duffie and Singleton (1994) to cases
in which the two counterparties have asymmetric default risk. The extension
permits a reexamination of the impact of credit risk on swap rates. While the
valuation model applies to all forms of contingent claims in which both con-
tracting parties are at risk to default, such as forward contracts, we focus on
swaps for purposes of illustration.

For example, consider a 5-year interest rate swap between a given party
paying a floating rate such as the London Inter Bank Offered Rate (LIBOR)
and another counterparty paying a fixed rate. Replacing the given fixed-rate
counterparty with a “lower-quality” counterparty, whose bond yields are 100
basis points higher, increases the swap rate by roughly 1 basis point, using our
model and typical parameters for LIBOR rate processes. This credit impact on
swap rates is approximately linear within the range of normally encountered
credit quality. For a 5-year currency swap, given a foreign exchange rate with
15 percent volatility, our model shows the impact of credit risk asymmetry on
the market swap rate to be roughly 10-fold greater than that for interest rate
swaps; that is, approximately 10 basis points in swap rate per 100 basis points
in bond yield credit spread. The main goal of this article is to provide a simple
and theoretically consistent model allowing such computations.

I. The Basic Model

The basic idea behind our model is that the impact of credit risk on swap rates
depends on the probability distribution of the path taken by the value of the swap
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itself. When the swap value is positive for a given counterparty, it is the default
characteristics (default hazard rate and fractional loss given default) of the other
counterparty that are relevant for the backward recursive computation of the
current swap value given its value at the next point in time. The basic idea for this
recursion was developed by Rendleman (1992). Rendleman’s model, however, is
based on the impact of the swap value on the balance sheets of the counterparties,
and considers the direct implications for structural insolvency (liabilities exceed
assets). In order to address the problem of determining market swap rates, for
which one cannot normally analyze the financial statements of the counterparties
on a case-by-case basis with ease or accuracy, we develop a reduced-form model in
which the default characteristics of the counterparties are directly estimated in
terms of credit spreads. For other approaches, see Abken (1993), Cooper and Mello
(1991), Hull and White (1995), Li (1995), Solnik (1990), Sorensen and Bollier
(1994), and Sundaresan (1991).

The discrete-time intuition behind our model is as follows. At any given time #,
the current market value of the swap, assuming that it has not yet defaulted, is
denoted V,. We suppose that V, is the value to counterparty A, and therefore that
—V, is the value to the other counterparty, B. If V, > 0, then counterparty A is at
risk to the default of counterparty B between ¢ and ¢ + 1. Thus, under risk-neutral
probabilities, V, is the probability that B defaults between ¢ and ¢ + 1 multiplied
by the market value given default by B, plus the probability that B does not
default between ¢ and ¢ + 1, multiplied by the market value given no default by B.
The market value given no default is the risk-neutral expected present value of
receiving V,,; at ¢ + 1, plus any net dividends paid to A by B between ¢ and ¢ +
1, under the terms of the swap. The market value given default is some fraction,
associated with the credit quality of B, of the market value given no default. If, on
the other hand, V, < 0, then this recursive method for computing V, from V,_ is
the same, except for the fact that B is at risk to default by A in this case, so the
probability of default and fractional recovery on default used in the recursion are
those of A. Our model has been extended in a background research report, Duffie
and Huang (1994), to variations of the default settlement provisions of the swap
contract standardized by the International Swap and Derivatives Association
(ISDA).

The effective credit quality of a counterparty in our model is the spread s in
the short rate of interest that applies for swap liabilities of that counterparty,
over the usual (default-free) short rate r. In continuous-time, this spread was
demonstrated by Duffie and Singleton (1994) to be s, = (1 — ¢,)h,, where ¢
is the stochastic process for fractional recovery rates given default and A is the
risk-neutral hazard rate process. In effect, A,At is approximately equal to the
conditional (risk-neutral) probability at time ¢ of default over the next interval
of “small” length At. The default-adjusted effective short rateis R = r + s. As
shown by Duffie and Singleton (1994), term-structure models for default-free
bonds are valid as well for defaultable bonds when substituting the default-
adjusted short rate R (appropriate for bonds of the given credit quality) for the
usual short rate r.
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We consider special cases in which counterparty A is always of higher credit
quality than counterparty B, in the sense that s* < s®, where s# is the short
credit spread for A and s? is the short credit spread for B. In these cases, we
show that netting across swap portfolios always increases the market value of
the portfolio for the higher-quality counterparty A (and therefore reduces the
market value for the lower quality counterparty B). Of course, the diversifi-
cation of credit risk associated with netting is usually beneficial to both
counterparties. We also show that the party of higher credit quality prefers to
delay the release of information that may have an impact on swap values. We
provide a relatively explicit formula for the marginal impact of an increase in
the credit-risk asymmetry s2 — s* on the market value of a swap. The
distinguishing feature of this formula is the appearance of an expectation of an
integral over time of (s# — s2)V;", the credit spread multiplied by the positive
part of the market value of the swap contract, showing the importance to both
counterparties of the volatility of the market value of the swap. Indeed, in an
example involving a currency swap, we are able to exploit the Black-Scholes
formula to compute explicitly this marginal impact of credit-risk asymmetry,
and thereby deduce the marginal impact on the swap rate.

In Section II, we present and characterize a two-counterparty defaultable
claim valuation model, extending results from Duffie and Singleton (1994) and
Duffie, Schroder, and Skiadas (1995). In Section III, we apply our model to the
case of interest-rate swaps and calculate the impact on swap rates of asym-
metric credit quality. In Section IV, we apply the model to foreign currency
swaps. All proofs are in the appendices.

II. Valuation of Defaultable Swaps

One-party defaultable claim valuation problems, in our “reduced-form” set-
ting, have been studied by Artzner and Delbaen (1992); Duffie, Schroder, and
Skiadas (1995); Duffie and Singleton (1994); Jarrow, Lando, and Turnbull
(1993); Jarrow and Turnbull (1995); Lando (1993, 1994); and Ramaswamy and
Sundaresan (1986). Our focus is the valuation of two-party contingent claims
that can be either an asset or a liability to each party during the life of the
contract. Without loss of generality, this problem is equivalent to the valuation
of defaultable swaps.

A. Basic Setup

We begin with a probability space (0, %, P) and a family F = {¥, : ¢ = 0}
of sub-o-algebras of ¥ satisfying the usual conditions. (See, for example,
Protter (1990) for technical details.) The filtration F represents the arrival of
information over time. We also assume the existence of a short rate process r
(progressively measurable and integrable), so that an investor can place one
unit of account in riskless deposits at any time ¢ and roll over the proceeds
until time s = ¢ for a (time-s) market value of exp([; r, du).
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We study the valuation directly under an equivalent martingale measure,
denoted @, relative to the short rate process r. By assumption, this means that,
for a security defined by a cumulative dividend process {X, : 0 = ¢t = T}
(adapted, RCLL, with finite variation), the market value of the security at time

tis
T s
j exp —f r, du | dX;
t t

where E, denotes expectation under @. We do not deal directly with the
existence of an equivalent martingale measure, a property essentially equiv-
alent to the absence of arbitrage, as shown by Harrison and Kreps (1979), nor
with the identification of some particular equivalent martingale measure from
market prices. For example, consider a swap whose cumulative net cash flows
to a given counterparty, including the effects of default by either counterparty,
are given by X. Then an outside investor who is unconstrained from borrowing
at the risk-free rate would be willing, at time ¢, to pay S,, at the margin, to
receive the same net cash flows X of the swap. Our task is to compute S, in
terms of the promised cash flows, the short rate process r, and the default
risks, defined below, of the two counterparties.

St= EQ 975 ) (2~1)

B. Swaps and Default Characteristics

Consider two counterparties denoted, respectively, as party A and B. The
stochastic default time of party i, for i € {A, B}, is an F-stopping time 7*
valued in [0, ].! The default time for the swap is defined as 7 = 7* /\ 72, the
minimum of 7 and 2. The event {7 > T} is then the event of no default. In
this setup, a swap with maturity T initiated at time zero between these two
counterparties is formally defined by a predefault payment by party B to party
A (until default) of a cumulative dividend process {D, : 0 = ¢ = T}, where D
is a semimartingale of finite variation2 such that3

T t
Eq j exp( —J r. du)|th| < oo, (2.2)
0 0

For example, if 8, is the fixed-rate coupon payment by counterparty B minus
the floating-rate coupon payment by counterparty A on an interest rate swap

! Throughout, we use superscripts A and B to denote counterparties. The event 7° = © means
no default.

2 See, for example, Protter (1990) for a technical definition of a semimartingale. We always
assume without loss of generality that a semimartingale is RCLL (right-continuous with left
limits).

3 This integrability condition is satisfied if the market value of the promised gross payment of
each counterparty, if assumed to be default-free, is finite.



