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ecent years have witnessed expo-
nential growth in the credit
derivatives market. The British
Bankers Association estimates the
notional principal amounts outstanding of all
types of credit derivatives at nearly $2 erillion,
around 45% m credit default swaps (“2001/
2002 Credit Derivatives Survey™ [2002]),

Despite the importance of the credit
default swap market, there are very few studies
that examine this market or the behavior of
models that price these securities. We apply
the important credit risk models of Duffie and
Singleton [1999] and Jarrow and Turnbull
[1995] to price credit default swap contracts
around the time of the Asian currency crisis.

A long position in a credit default swap
imsures the buver of credit protection against
losses due to default on the insured bond. In
the parlance of the credit default swap market,
the insured bond 1s the reference security. Typ-
ical default payments are par less the value of
the defaulted reference security.

The buyer of credit protection pays a
swap premium quoted as a number of basis
points times a notional principal amount of
the reference security. The swap prenium is
quoted at annual rates, but swap premium pay-
ments are typically paid quarterly. If the ref-
erence security should default, the buyer of
credit protection would receive the default
payment, and the flow of swap premium pay-
ments would cease.

We compare the expected value of the
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swap premium (the cost of default insurance)
with the expected value of payments in default
(the amount of insurance) as generated by the
Duffie and Singleton [1999] and Jarrow and
Turnbull [1995] credit risk models. We find
that the cost of default insurance 1s greater than
the amount of insurance for credit default
swaps written on bonds subject to the recent
Asian currency crisis. Credit default swaps not
subject to the Asian currency crisis generally
show the opposite result; the cost of nsurance
is less than the amount of insurance.

We speculate that these results are evi-
dence of the moral hazard problem when pay-
ments from the credit default swap may be
triggered by bond restructuring as well as
default. For discussion of the moral hazard
problem, see Bennett [2000] and Cass [2000].

We also tind that the Jarrow and Turn-
bull [1995] model produces lower premium
values and default payment values for credit
default swaps than those found by Duffie and
Singleton [1999]. This happens because Jarrow
and Turnbull [1995] obtain higher hazard rates
than Duflie and Singleton [1999], given the
same information set concerning a particular
credit default swap.

Finally, we suggest a solution to an
important issue concerning the implementa-
tion of term and credit risk structure-consis-
tent credit risk models. That 1s, we know from
Helwege and Turner [1999] that below-mvest-
ment-grade vield curves are often biased, so a
model that agrees with a biased vyield curve
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will itself be biased. We overcome this problem by sug-
gesting a method to calibrate a term- and credit risk-con-
sistent credit risk model so that it agrees with the market
value of the underlving reterence bond.

Stnce the candidate credit risk model, once fine-
tuned to an estimate of a corporate vield curve, agrees
with the market price of the reference bond. we have
some assurance that our estimate of the credit-risky vield
curve 1s reasonable. A reasonable estimate of the credit-
risky yield curve i1s important because the credic default
swap 1s priced on this vield curve.

I. THE MODELS

Our objective is to price credit default swaps. Since
credit default swaps are American-stvle options, there is
no known closed-form solution. Consequently, we choose
a bimomial lattice implementation. We pick the Duffie
and Singleton [1999] and Jarrow and Turnbull [1995]
models because we want to explore the choice between
the return of market value (RM) and the return of Trea-
sury (RT) recovery assumptions that the two models
(respectively) use.

To obtain a binomial version of Jarrow and Turn-
bull [1995] and Dufhie and Singleton [1999], we suggest
the binomial stochastic process for the default-free rate
of interest and the hazard (default) rate as follows:

(i) = u”e( A HVITAT) (1)

h(t, i) = h(0. O)e| v AT + P:u%m- i) AT 2)
: o .

n

The first binomial stochastic process s attributable
to Black, Derman, and Toy [1990], where r (t. i) refers
to the default-free interest rate that evolves in state i and
time t. Meanwhile u, and z, are time-dependent param-
eters that calibrate the interest rate tree by forward induc-
tion through use of state prices to the exogenously supplied
Treasury zero yield and volatility curves, respectively. and
AT 15 the time step. Note that when t = 0, then r (t, 1) s
defined to be today’s known short-term defaule-free rate
of interest v (1), 0).

The second binomal stochastic process describes the
evolution of the one-period hazard rate h (¢, 1) and the joint
probability distribution between r (¢, 1) and h (t, i). Through
covariance between the default-free rate of interest and
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the hazard rate, correlation p, between these parame-
ters 1s included. This covariance 1s scaled by the nme-
dependent default-tree interest rate volatility 0 leading
to a multiplicative term that models the volatility of hazard
rates as the responsiveness of hazard rates to the current
default-free rate of interest.

In Equanion (2), the time-dependent parameter v,
calibrates the hazard rate tree by forward induction through
use of corporate state prices to the corporate zero vield
curve, and o, is the hazard rate volatility parameter. Note
that when t = 0, then h (t, 1) is defined to be today’s one-
period hazard rate h (0, 0).

We first calibrate the default-free interest rate pro-
cess at today’s date t = 0 to the Treasury zero yield and
the Treasury volatlity curves by adjusting the calibration
factors u_ and z . respectively, for all future dates. This
obtains the default-free interest rate binonual tree whose
values of [r (t, 1)| are included in the hazard rate process
m Equation (2).'

We then calibrate the hazard rate process, which is
correlated with the Treasury interest rate process gener-
ated by the first calibration, to a credit-risky zero-coupon
vield curve by adjusting the calibration factor v. Simul-
tancously this calibranon adjusts the structure of default-
able state security prices unul the vield implied by the
porttolio of all detaultable state securities that mature at
a given date agrees with the corresponding yield from
our estimate of the credit-risky zero-coupon yield curve.
This process continues for all future dates so that, at each
date, the vield of the replicating portfolio of detaultable
state securities agrees with the corresponding yield from
our estimate of the credit-risky term structure.

Substituting (1) and (2) into a general expression for
the value of a two-period defaultable zero, we obtain a
binomial version of Jarrow and Turnbull [1995].° The
result is as follows:

V= {([1 = 1. 03] x [1 = 05(h(1.0) + h(1. D)V, + 0.}
c—l-lunnjlc|'l|.1|\+ C”L‘“I (3)
where
0. = h(0. 0)3[0.5(e" "+ " )]+
0.5[h(1, 0) + h(l, 1)] §[1 = h(0, 0)] (3-A)

Equation (3) says that the zero must survive two
periods (with probability 1 = h (t, i) for each period) if
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the final redemption amount V, is to be paid. Then again,
the zero may default and instead a recovery amount @, 1s
paid at scheduled maturity. These expected values are dis-

counted to the present using the binommal structure of

default-free interest rates.

Equation (3-A) highlights the RT recovery assump-
tion, where conditional upon no prior default a recovery
amount § is paid at the end of the current period. Should
default occur prior to maturity, the recovery amount is
reinvested in a Treasury security until promised maturity,
These recovery amounts are then included in (3). The
recovery amounts are multiplied by Treasury zero prices
so they are ultimately expressed as a fraction of the value
of a Treasury zero.

This is the RT assumption that underlies Jarrow and
Turnbull [1995], for the recovery amount that is paid at
the end of the first period is a fraction of a one-period
Treasury zero. Similarly, the recovery amount paid at the
end of the second period s expressed as a fraction of a two-
period Treasury zero.

If we adjust (3) to conform to the return of market
recovery assumption, we obtain Duffie and Singleton
[1999]. Specifically, the Duffie and Singleton [ 1999] bino-
mial version of (3) becomes:

V, = {I = (h(0.0) + 0.5[h(1,0) + h(L. D)) L, }V,,, %

cfuu.tholﬁle—nl.th ¥ errrl Hl (4}

This expression says that, in the event of default
h(t, i) a loss rate L is experienced at the end of the
period. One minus this expected loss rate is then mulo-
plied by the promised value V| to find the expected
value. Then we find the present value of this expected
value.

In(4), L,
to this expression under the RM recovery assumption:

is the end-ot-period loss rate that is equal

L= 1 = {1 = (h0,0) + 0.5[h(1, 0) + h(1, D])joV,.,
(4+-A)

In other words, (4-A) says that upon default the
investor loses a fraction L. This amount is one minus the
recovery amount. In turn, this recovery amount is a frac-
tion @ of the end-of-period survival-contingent {1 —h
(t. 1)} value of a $1 face value zero.” In contrast, the RT
assumption in (3-A) models recoveries as a fraction of a
Treasury zero,
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The advantage of the RM formulation is that if
recoveries are fractions of survival-contingent values, then
values associated with prior-period defaults are included
in (4) as a mulniplicative term. This facilitates forward induc-
tion, allowing us to apply default-free interest rate mod-
eling techniques directly to a corporate rate of interest
without the extra computational complexity of adding
values associated with prior-period defaults to each cor-
porate state price. Equation (3-A) shows that to imple-
ment the RT recovery method, one needs to make a
separate additive calculation of payotfs in (3) in the event
of default for all possible prior periods at each interest

rate state.

II. EMPIRICAL PROCEDURES

An investment bank that wishes to remain anony-
mous allowed us to select a sample of default swap trades.
For each trade, we obtain the default swap ticket. This doc-
ument provides important details of the premium, credic
event parameters, and payout structure in the event of
default of the reference security.

The premium is specified as the total number of basis
points to be paid each year. Payments are made in install-
ments, typically quarterly, and are based on the specified
notional principal amount. Applicable credit events are
specified, which include failure to pay, bankruptey, repu-
diation, and restructuring. Payoffs in the event of default
are defined as par value less the value of the defaulted secu-
rity, where the value of the defaulted bond is established
as the average of (typically) five independent dealer quotes.
From this document we are able to identify the reference
security and the precise date of trade.

Our sample includes 31 straight U.S. dollar credit
default swaps for the September 1997 through February
1999 time period. This ume period covers the worst of
the Asian currency crises, so credit default swap premiuims
reflect these events.

To obtain information about the effect these events
had on the credit default swap market, we subdivide our
sample into two categories: arisis swaps, which are swaps
whose reference entity was domiciled in the Asian coun-
tries that were subject to the Asian currency crisis, and
non-crisis staps, which are swaps whose reference entity
was domiciled in non-Asian countries that evidently did
not experience a currency crisis. We then plot the yield
of the reference bond, the corresponding-maturity Trea-
sury yield, the resulting credit spread, and the credit swap
premium. In general, the reference security will be dif-
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ferent at points along the time series plot, but since all
are long-term dollar securities the resulting plot is rea-
sonably continuous.

Exhibits | and 2 show the time series plot of the
non-crisis and crisis subsamples. Exhibit 1 shows that for
credit default swaps ot experiencing a currency crisis the
swap premium plots within the credit spread. Exlibit 2
tells another story. Beginning in June 1998, credit swap
premiums rise dramatcally, now plotting above the credit
spread. Later the credit premiums rise even further, now
plotting above the Treasury vield.

These data should provide a challenge for Duthe
and Singleton [1999] and Jarrow and Turnbull [1995]
because they are required to measure the market prices
of credit default swaps subject to widely varving credit
risk conditions. To implement the models, we need esti-
mates of the Treasury vield curve, the credit-risky vield
curve applicable to the reference bond, and the correla-
tion between the Treasury interest rates and the credit-
risky interest rates applicable to the reference bond. We
also need Treasury interest rate volatility and the volatility
of credit risk. Finally, we need the price of the reference
bond, the binomial structure of hazard rates, and the
recovery rate of the reference bond in the event of default.
Note that all of this information must apply on the date
of the credit default swap trade.

We estumate the zero-coupon Treasury vield curve
on the date of each credit default swap transaction by
applying the Nelson and Siegel [1987] yield curve esti-
mation procedure to Treasury transaction prices supplied
by the National Association of Insurance Commissioners’
(NAIC) database. The NAIC database includes the derails
of cach bond transaction that member insurance compa-
nies report to the national body, representing 30% to 40%,
of all U.S. domestic over-the-counter bond trading activity.
Each transaction includes all the important details such as
the CUSIP of the bond, transaction date, clean price,
accrued interest, and day-count conventions. A separate
cross-sectional file provides all the major bond covenants
of each issue.

This information can be linked with the transac-
tion file, so we are able to avoid using transactions tainted
by optionality. We estimate a ten-year Treasury vield curve,
since the maturity of the reference bond in all our default
swaps 1s never longer than ten years.

We also obtain the price and vyield of the reference
bond and the one-, two-, three-, four-, five-, seven-, and
ten-year at-the-money implied interest rate cap volatility
from Datastream’s 901b program at the same dates the
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credit default swaps were sold. We linearly interpolate
implied cap volatility to form an estimate of the Treasury
volatility curve.

One barrier to pricing credit default swaps is the
absence of precise information concerning the credit-risky
vield curve applicable to a given credit default swap. Hel-
wege and Turner [1999] find that tor bonds rated below
investment-grade, credit ratings are not precise enough to
discriminate among bonds of different credit quality.

Yield curves estimated for below-investment-grade
bonds tend to be downward-sloping, not because of any
crisis at maturity problem but because below-investment-
grade longer-term bonds are more creditworthy than
shorter-term bonds of the same credit rating. Once con-
structed from paired short- and long-term bonds from
the same firm, below-investment-grade yield curves tend
to be upward rather than downward-sloping. This sug-
gests that applying, say. a generic BB yield curve in an
attempt to value a credit default swap written on a BB
bond may lead to important bias. Since term structure-
and credit risk structure-consistent models are fine-tuned
to agree with the underlying term structures, errors in
estimating these vield curves will result in errors in pricing
the credit default swap.

We overcome this problem as follows. We first cal-
ibrate the Black, Derman, and Toy [1990] default-free
interest rate process to the Treasury zerocoupon and cap
volatility curves on the trade date of the credit default
swap. We initially assume that the credit-risky yield curve
is the sovereign vield curve plus a eredit spread calculated
as the difference between the reference bond’s yield and
the corresponding maturity US. Treasury yield. Then we
calibrate the candidate credit risk model by adjusting the
credit spread unnl the candidate credit risk model repli-
cates the value of the reference bond using reasonable
values for the recovery fraction, credit risk volatility, and
correlation between hazard rates and Treasury interest
rates. Later we test our mitial estimates of key parameters
to ensure that these choices do not materially affect our
results.

Since the candidate credit risk model, once fine-
tuned to an estimate of a corporate yield curve, agrees
with the market price of the reference bond, we have
some assurance that our estimate of the credit-risky vield
curve is reasonable. A reasonable estimate of the credit-
risky vield curve is important because the credit default
swap is priced relative to this yield curve.

We choose recovery rates that are consistent with the
credit raning of the reference bond. This information 1s
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ExHIBIT 1
Non-Crisis Yield Curve versus U.S. Treasury Yield Curve
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EXHIBIT 2
Crisis Yield Curve versus U.S. Treasury Yield Curve
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available from Altman, Cooke, and Kishore [1999], who
report the average trade price of defaulted bonds one
month after default. These averages are computed over the
1971-1998 time period, and are reported by broad rating
category.

We find the historical credit rating of the candidate
reference bond at the Standard & Poor’s website. We
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choose credit risk volatility as one-tenth of Treasury
interest rate volatility, as we suspect that credit risk volatlity
is related to but lower than Treasury interest rate volatility.

Finally, we assume that the correlation between Trea-
sury interest rates and hazard rates applicable to the insured
bond 1s 0.1, as Collin-Dufresne, Goldstein, and Martin
[2001] and Duffee [1998] suggest that correlations between
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Treasury interest rates and the credit spread are negative,

According to these estimates, we run a given can-
didate model to see if these choices for the candidate
credit-risky yield curve, recovery fraction, credit risk
volatility, and correlation between Treasury and credit-
risky interest rates are able to replicate the known price
of the reference bond. The binomial structure of default
risk-free interest rates and hazard probabilities is calibrated
until it replicates the given Treasury and the inital esti-
mate of the credit-risky vield curve. The binonnal struc-
ture of Treasury interest rates and hazard probabilities,
along with the recovery fraction, also generates a bino-
mial structure of credit-risky interest rates. This binomial
structure of credit-risky interest rates is then used to price
the reference bond.

Initially, the market price of the reference bond is
not replicated. We discover that changes in the credit risk
volatility and correlation between Treasury rates and hazard
rates do not appreciably change the price of the reference
bond that we obtain by the two credit risk models. For
example, changing credit risk volatlity by a factor of ten
results in less than a $0.01 change in the price of the ref-
erence bond.

Similarly, the price of the bond obtained by both
models 1s insensitive to large variations i correlation
between Treasury rates and hazard rates. These results are
not surprising, as the underlying bond 1s a cash instrument
that should be much less sensitive to volatlity and corre-
lation than a derivative security.

Furthermore, we find the price of the underlying
bond is not sensitive to changes in the recovery rate. This
is what we should expect, because as the recovery rate
rises (declines), a renewed calibration of the candidate
credit risk model will have higher (lower) hazard proba-
bilities. In other words, the calibration process takes the
credit spread as given, so for a given credit risk model a
rise in the recovery rate is offset by a rise in the hazard
rate. Therefore, the renewed calibration replicates the credit
spread with a different combination of hazard and recovery
rates that results in the same price of the reference bond.

The reference bond’s price obtained by the rwo can-
didate models 1s sensitive to the size of the credit spread,
however. Therefore, we generate a new credit-risky yield
curve by adjusting the credit spread unul we replicate the
market price of the reference bond. We find that the
Duffie and Singleton [1999] and Jarrow and Turnbull
[1995] models agree as to the extent of the spread. The
difterence is alwayvs under 2 basis points, even for below-
investment-grade bonds.
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I1I. EMPIRICAL ESTIMATES

Using the calibrated default-free interest volatility,
credit spread, and hazard rates, and initial estimates of the
recovery rate, credit correlation, and credit volatility, we
find the expected default value, the present value of pay-
ments from the credit default swap in the event of default,
according to Equation (3):

Default Value

n n ) -
Y ¥ et 100 - B, )] e "1 (5)
t=0 i=0

=E,

Note that where 1 > t, h (t, 1) and ¢ (t, 1) are zero.
The entire expression is calculated under the risk-neutral
expectations operator E since interest rates are stochastic
and correlated with factors that influence default.

Equation (5) says that the default value of the swap
15 the present value of expected pavofts in the event of
default. This is the amount of insurance purchased by the
buyer of a credit default swap. The payment is determined
by the swap contract. In our sample, the payment in the
event of default 1s defined as face value less the value of
the defaulted reference bond B (t, 1)8, where 8 is the
recovery rate,

The two models differ in how they determine the
hazard rates and the values receved in the event of default.
Specifically, Duffie and Singleton [1999] model recovery
amounts as a fraction of the survival-contingent value of
the reference security (RM), while Jarrow and Turnbull
[1995] model recovery amounts as a fraction of a Trea-
sury zero (RT). As we note earlier, because both models
are calibrated to the same exogenous credit spread, dif-
ferent recovery amounts result in different estimates of
the hazard probabilities.

Next we convert the basis point price of the credit
default swap to premium values:

Premium Value = E,| ¥ Y [1 = h(t. i)]xS,xMx e "1 | (6)

1= =l

Like (5), Equation (6) is calculated under the risk-
neutral expectations operator E . since interest rates are
stochastic and correlated with factors that influence default.
The buyer pays the premium value calculated as the swap
rate S as quoted in basis points times the notional amount
of the reference bond M that we set to be 100. Payments
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are conditional upon no prior default [1 = h (t, 1)] at any
time t and state 1.

The present value of this stream of conditional pay-
ments is found by solving backward using the binomial
structure of default-free rates of interest. This 1s the cost
of insurance paid by the buyer of the credit default swap.

Subtracting (6) from (3), we find the economic value
of the credit default swap from the buyer’s perspective. It
Is tempting to suggest that a credit default swap should have
an economic value of zero, that 1s, (6) = (5), so the cost
of default insurance |Equation (5)] is equal to the expected
benefit of default insurance [Equation (6)]. In fact, Bomfin
[2002] suggests that this 1s the case for credit default swaps
that insure floating-rate reference bonds when markets
are complete and frictionless.*

As the developing credit default swap market can
hardly be characterized as a frictionless market. however,
we must consider the impact of common market imper-
tections. First, consider the likely impact of hquidity.
Given exogenous estimates of recovery rates, the struc-
ture of hazard rates will be determined by the credit spread.
We think the credit spread will be wider than it should
be in a frictionless market because U.S. Treasury bonds
are more marketable than the corresponding-maturity
but more credit-risky reference bond.

Consequently, hazard rates would be overestimated
because the candidate credit risk model will be calibrated
to a credit spread that reflects differences in liquidity as well
as credit risk. This would underestimate the value of pay-
ments to the seller of the swap in (6), and overestimate the
value of the credit default swap payott to the buyer in (3).

This suggests that the Duffie and Singleton [1999]
and Jarrow and Turnbull [1995] models would typically
yield positive economic values for credit default swaps.
That is, the amount of insurance (6) will be greater than
the cost of insurance (3).

Second, consider the problem of moral hazard. All
swaps in our sample include restructuring as a credit event
that triggers payments from the default swap. Since the
buyer of the credit default swap 1s often the mvestor in the
reference bond insured by the credit default swap, in
essence the insured party may also influence payments on
the insurance contract. Therefore we have a moral hazard
problem.

For example, if the reference bond 1s likely to default,
the owner of the reference bond may press for an early
restructuring, before needing to do so because of actual
default. An early restructuring is desirable from the own-
er’s perspective since delays in restructuring may result in
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more severe defaults later as the issuer may delay facing
up to its problems.

The owner of the reference bond could tempt the
issuer to restructure early by, say, otfering to accept a
replacement security with a lower coupon in place of the
high-coupon reference security. Since the owner of the
reference bond is msured by the credit defaule swap, losses
incurred by the restructuring would be offset by payments
on the credit default swap.

Owerall, at least one gams, and possibly both the
issuer and the owner of the reference security gain, but
neither would sutfer losses. Instead, the seller of credit
protection incurs losses by paying the difference between
the value of the reference bond and the replacement bond.

The seller of credit protection now faces an asym-
metric information problem. Some buvers of credit
protection may know maore about the possibility of restruc-
turing than the seller of credit protection. These knowl-
edgeable buyers of credit protection would buy credit
default swaps that include restructuring as a credit event
if the swap premium underprices the likelihood of restruc-
turing. Therefore, the seller of credit protection is encour-
aged to require higher credit default swap premiums.

All candidate credit default swap models may not
be able to pick up this higher premium, as it would be
included in the premium value (6) but maybe not in the
default value (5). The latter is a possibility, as some but
not necessarily all the mvestors in the reference bond own
the credit default swap written on this bond. Further-
more, some investors will not even know that other
investors have bought credit protection since credit default
swaps trade over the counter.

Therefore, the likelihood of restructuring due to the
moral hazard problem may not be included in the price
of the reference bond. and consequently may not be
included in the credit spread. Since all candidate credit
risk models are fine-tuned to agree with the eredit spread,
the credit risk model may not include the impact of the
moral hazard problem, so Equations (5) and (6) may under-
estimate the likelihood of restructuring, This would lead
to negative economic values, since (6) includes the extra
swap premuum in S, but (5) and (6) may underestimate the
hazard probability. T other words, the cost of insurance
(5) may be greater than the amount of insurance (6).

[t is an interesting exercise to see whether the can-
didate models do in facr find positive or negative eco-
nomic values for market-traded credit default swaps. We
find the values of the 31 credit default swaps using the
calibrated Treasury and corporate yield curves and the
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default-free interest rate volatility curve in the manner
outlined carlier.

Since the RM assumption that underlies the Duffie
and Singleton [1999] model cannot separately identify
the recovery rate as a smgle value (it 1s survival-contin-
gent), we replace ® with the recovery rate 8 in (4-A)
when we run the model. As the implied cash value of a
fraction of a survival-contingent zero (RM) is lower than
the corresponding fraction of a Treasury zero (RT), the
value of the RM recovery rate should be higher in order
for it to be comparable to the RT recovery rate.

The result of this exercise is reported in Exhibits 3,
4, and 5.

Exhibit 3 shows that for credit default swaps that
evidently did not experience problems with the Asian
currency crisis, the Duffie and Singleton [1999] model
estimates positive economic values from the point of view
of those buying credit protection. Exhibit 4 shows that
under the Jarrow and Turnbull [1995] model, most have
positive economic values but 10 ot 23 credit detault swaps
have negative economic values. Most of these ten, how-
ever, are only slightly negative.

Exhibit 5 paints a ditferent picture. For the credit
default swaps that evidently did experience problems with
the Asian currency crisis, both models agree that all credit

default swaps have a high negative economic value.”

Since we expect to observe positive economic values
due to a liquidity bias, it appears that the consistently neg-
ative economic values found in Exhibit 5 are likely due to
a moral hazard problem. Evidently, we generally observe
the anticipated positive economic values for credit default
swaps n the absence of the Asian currency crisis. When
the possibility of restructuring is more likely, namely, for
the below-imvestment-grade reference bonds subject to the
Aslan currency crisis, we consistently observe negative
rather than positive economic values.

This means that compensation for bearing default
risk as measured in (6) is more than the anticipated cost
of default risk as measured in (3), even though the hazard
rate 15 probably overestimated due to a liquidity bias. We
suggest that this occurred because the moral hazard
problem was so severe in the case of reference bonds sub-
ject to the Asian currency crisis that sellers of credit
protection demanded (and received) a measurable restruc-
turing risk premium due to the moral hazard problem.

Also notice that the Duthie and Singleton [1999]
model consistently reports higher premium prices and
defaule values than Jarrow and Turnbull [1995] in Exhibits
3, 4, and 5. This happens because any given recovery frac-
ton used for both models implies smaller recovery amounts

EXHIBIT 3
Non-Crisis Swaps—Duffie and Singleton [1999]

Credit Economic
Spread Swap Default Premium  Value

Bond Life  (in basis Life (in  Value (in$ Value (in  (default -

Date  (in months) points) Rating months) per 100) & per 100) premium)
03/31/98 119 99 BBB 108 6.89 4.47 2.42
05/06/98 117 104 BBB 60 4.38 2.16 2.22
05/28/98 117 88 BBB 108 717 4.11 3.06
06/03/98 116 94 BBB 57 377 2.00 .77
06/16/98 47 76 A 47 287 2.33 0.24
07/30/98 15 97 BBB 115 6.98 2.81 417
08/06/98 78 504 B 60 21.87 18.26 3.61
08/21/98 114 92 BEB 60 3.84 2.28 1.56
09/01/98 114 156 BBB 114 11.51 5.28 6.24
09/02/98 114 140 BBB 60 5.98 3.31 2.66
09/02/98 114 140 BBB 114 10.36 5.66 470
09/07/98 113 122 BBB 60 5.12 3.08 2.04
09/08/98 113 134 BBB 60 538 3.00 2.38
09/15/98 113 136 BBB 60 5.66 3.46 2.21
09/24/98 113 126 BBB 113 9.23 712 2.1
11/11/98 AR R 122 BBB 84 6.89 4.75 214
11/17/98 111 114 BBB 60 474 3.05 1.70
11/20/98 11 103 BBB 60 4.36 2.93 1.43
11/24/98 111 115 BBB 111 8.15 5.00 315
12/16/98 110 116 BBB 84 6.44 3.47 297
02/04/99 108 75 BBB 108 5.18 3.10 2.08
02/22/99 108 76 BBB 108 8.91 3.05 5.85
02/23/99 108 71 BBB 60 297 1.63 1.34
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ExXHIBIT 4

Non-Crisis Swaps—Jarrow and Turnbull [1995]

Credit Economic
Bond Life Spread Swap Default Premium Value
(in (in basis Life (in Value (in$  Value (in (default -
Date months)  points) Rating  months)  per 100) $ per 100) premium)
03/31/98 119 100 BBEB 108 3.86 4.27 -0.41
05/06/98 17 106 BBB 60 227 2.09 0.18
05/28/98 117 90 BBB 108 3.99 3.93 0.06
06/03/98 116 95 BBB 57 251 1.95 0.57
06/16/98 47 77 A 47 Fail Fail Fail
07/30/98 115 a8 BBB 115 3.90 2.68 1.22
08/06/98 78 505 B 60 15.77 16.00 -0.23
08/21/98 114 93 BBB 60 2.19 2.22 -0.03
09/01/98 114 157 BBB 114 6.56 4.90 1.66
09/02/98 114 141 BBB 60 3.42 3.19 0.24
09/02/98 114 141 BBB 114 5.86 5.29 0.57
09/07/98 113 123 BBB 60 292 297 -0.05
09/08/98 113 132 BBEB 60 3.12 2.89 023
09/15/98 113 137 BBEB 60 3.24 3.33 -0.09
09/24/98 113 127 BBB 113 5.19 6.71 -1.52
11/11/98 i 123 BBB B4 3.88 4.54 -0.65
11/17/98 1M1 115 BBB 60 270 2.95 -0.25
11/20/98 11 104 BBB 60 243 2.85 -0.42
11/24/98 m 16 BBB 111 457 4.74 -0.17
12/16/98 110 116 BBB 84 3.62 3.32 0.30
02/04/99 108 76 BBB 108 4.32 2.99 1.33
02/22/99 108 77 BBB 108 4.96 2.90 2.05
02/23/99 108 72 BBB 60 1.68 1.59 0.09
EXHIBIT 5
Crisis Swaps
Credit Economic
Bond Spread Swap Default Premium  value
Life (in (in basis Life (in Value (in$  Value (in$ (default -
Swap Date months) points) Rating months) per 100) per 100) premium)
DS 09/08/97 61 98 AA 60 4.25 299 127
JT 09/08/97 61 99 AA 60 Fail Fail Fail
DS 06/09/98 54 432 BB 54 17.56 21.66 -4.09
JT 06/09/98 54 433 BB 54 12.06 19.52 -7.47
DS 06/30/98 53 453 BB 53 18.13 22.29 -4.16
JT 06/30/98 53 454 BB 53 12.69 20.00 -7.31
DS 06/30/98 53 453 BB 53 18.13 20.89 -2.76
JT 06/30/98 53 454 BB 53 12.69 18.80 -6.11
DS 07/13/98 39 532 BB 12 4.97 6.55 -1.58
JT 07/13/98 39 533 BB 12 4.09 6.30 -2.21
DS 07/14/98 52 415 BB 12 3.92 6.04 -2.13
JT 07/14/98 52 416 BB 12 321 5.82 -2.62
DS 07/15/98 52 419 BB 12 3.96 5.99 -2.03
JT 07/15/98 52 420 BB 12 3.24 5.81 -2.57
DS 07/17/98 52 419 BB 12 3.96 6.04 -2.08
JT 07/17/98 52 420 BB 12 3.24 5.85 -2.61

DS = Duffic and Singleton [1999] and JT = Jarvow and Tumbull [1995].

and lower hazard rates in Duffie and Singleton [1999].

This result 15 consistent with the analysis of
Delianedis and Lagnado |2002], who agree that the RM
assumption typically implies lower hazard rates than the
RT assumption. These lower hazard probabilities but
higher default payoffs in Duffie and Singleton [1999]

36 An EMPIRICAL STUDY OF CREDIT DEFAULT SWAPS

lead to higher default values in (5).

recovery amount implies a lower hazard rate. This leads
to higher probabilities of premium payments and so to

Similarly, the premium value in (6) is higher for
Duffie and Singleton [1999], since by calibration a smaller

higher premium values in (6)."



IV. SUMMARY AND CONCLUSIONS

We examine the empirical performance of the Duffie
and Singleton [1999] and Jarrow and Turnbull [1995]
models on a sample of 31 credit default swaps that traded
during 1997-1999. We find that the return of market
value assumption that underlies Duftie and Singleton
[1999] produces higher premium and default values for
credit default swaps than the return of Treasury assump-
tion that underlies Jarrow and Turnbull [1995]. We are able
to estimate these models because we can generate a credit-
risky yield curve that 1s applicable to the underlying ref-
erence bond.

We generally find that the expected value of the
credit default swap premium is lower than the expected
value of recoveries in the event of default for non-crisis
credit default swaps, which is what would be expected,
given that credit spreads reflect liquidity as well as credit
risk. Both models consistently find that the expected value
of the credit default swap premium 1s higher than the
expected value of recoveries in the event of default for
credit default swaps that were subject to the Asian cur-
rency Crisis.

We suggest this happens because of a moral hazard
problem. Sellers of crisis credit default swaps suspected
that some buyers were also investors in the reterence bond.
Sellers then believed that some buyers could influence
the conditions of payoft from the credit default swap.
Faced with information asymmetry, being unable to dis-
tinguish between buyers who had accurate information
concerning the likelihood of restructuring and those who
did not, the sellers of credit protection demanded, and
evidently received, a restructuring premiuni.
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'Details of how to implement Black, Derman, and Toy
[1990] can be found in Clewlow and Strickland | 1998,
Chaprer 8].

“Since we include correlation between eredit-risky and

Treasury mterest rates, (3) represents a minor extension of

Jarrow and Turnbull [1995], who assume zero correlation
between these two parameters.

‘Duffie and Singleton [1999] also propose a return of face
value (RF) recovery assumption. In this case, the fractional loss
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L is sumply a fraction of next period’s promised amount or
(I =@V, + 1). They demonstrate that there is little difference
between the results obtained using cither the RF or the RM
recovery assumption, a result that we also tind here. For the sake
of brevity, we omit mention of this m the main text.

"This also assumes that the credit default swap contract
is not vulnerable. Specifically, the writer and the buyer of credit
protection are not subject to credit risk. A weaker condition
is that the writer and the buyer are equally vulnerable, or alter-
natively the credit arrangements are collateralized. See Bomtfin
[2002].

"Exhibit 2 shows that the very first Asian credit default
swap's premium was not extraordinarily high. Furthermore the
credit rating reported in Exhibit 415 investment-grade, and the
date of trade was September 8, 1997, prior to the Asian cur-
rency erisis. We conclude that the first Astan credit default swap
was not subject to the Asian currency crisis. Also note that the
Jarrow and Tumbull [1995] maodel results fail to converge using
historical AA recovery rates, as the model did earlier in
attempting to price the non-Asian swap of June 16, 1998,

"To assure ourselves that these results are not matenally
affected by our choices for the correlation between default-
free and credit-risky mmterest rates, and for credit nsk volaulity,
we recompute these results for a wide range of possible values
for these parameters. We find thac the premium value (6) and
the default value (5) increase very slightly, less than one-half of
a cent, as the hazard rate volatility increases by a factor of ten.
Similarly, as hazard and Treasury rate correlation varies from
—0.1 to £0.5, the default value changes only very slightly.
Schénbucher [1999] finds the same results when pricing hypo-
thetical credit default swaps.
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