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Abstract

We develop a simple robust link between equity out-of-tha@ay American put options and a pure credit
insurance contract on the same reference company. Assuhainhthe stock price stays above a barBer 0
before default but drops and remains below a lower bakier B after default, we show that the spread
between two co-terminal American put options struck withie default corridofA, B] scaled by their strike
difference replicates a standardized credit insurancéracinthat pays one dollar at default whenever the
company defaults prior to the option expiry and zero othsewiGiven the presence of the default corridor,
this simple replicating strategy is robust to the detailpref and post-default stock price dynamics, interest
rate movements, and default risk fluctuations. We use qumieAmerican puts to infer the value of the
credit insurance contract and compare it to that estimatad the credit default swap spreads. Collecting
data on several companies, we identify strong co-movemazitseen the credit insurance values inferred
from the two markets. We also find that deviations betweentioeestimates cannot be fully explained by
common variables used for explaining American put valuashsas the underlying stock price and stock
return volatility, but the cross-market deviations cardpefuture movements in American puts.
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1. Introduction

The equity and debt markets are inherently linked. In a @assper, Merton (1974) treats equity as a call
option on the firm’s asset value. Under this structural madehpproach, the corporate bond credit spread
becomes a function of financial leverage and firm asset \ipjafl he financial leverage links equity to debt
and relates firm volatility to equity volatility. In another classic paper, Merton (1976) recognizes thetdire
impact of corporate default on the stock price process asdnass that the stock price jumps to zero and
stays there upon the random arrival of a default e¢dhimpirically, many studies have also linked corporate
credit spreads to the firm’s financial leverage, stock retaatized volatility, stock option implied volatility,

and stock option implied volatility skews across differstrike prices’

In this paper, we propose a new, simple, and robust link betveguity out-of-the-money American put
options and a credit insurance contract on the same refecemapany. The link is established under a general
class of stock price dynamics. The key assumption we makaaisthie stock price is bounded below by a
strictly positive barrieB > 0 before default, but drops below a lower barder B at default, and stays below
Athereafter. The rangi@, B defines adefault corridorin which the stock price can never reside. Given the
existence of the default corridor, we show that the spreaddsn any two American put options of the same
maturity and with strike prices falling within the defaulbreidor replicates a pure credit insurance contract

that pays off when and only when the company defaults pritieéaption expiry.

Early structural models often make the explicit assumpti@t a company defaults when the firm value
falls below the debt value. Under such assumptions, theyeguaiuld be worth zero right before default and
stay at zero afterwards. There would be no default corridevertheless, more recent studies recognize the

strategic nature of the default event and find that both gdugtders and debt holders can have incentives to

Lvarious modifications and extensions on the debt structleégult triggering mechanism, firm value dynamics, and @npl
mentation procedures have been proposed in the literaRmaminent examples include Black and Cox (1976), Geske7(1970
and Singer (1982), Ronn and Verma (1986), Titman and Tord®89) Kim, Ramaswamy, and Sundaresan (1993), Longstaff and
Schwartz (1995), Leland (1994, 1998), Anderson and Susdar€l996), Anderson, Sundaresan, and Tychon (1996), delad
Toft (1996), Briys and de Varenne (1997), Mella-Barral ardrBudin (1997) Garbade (1999), Fan and Sundaresan (2D0ffje
and Lando (2001), Goldstein, Ju, and Leland (2001), Zho0XRMcharya and Carpenter (2002), Huang and Huang (20Q8), H
Nelken, and White (2004), Bhamra, Kuehn, and Strebulae@7RBuraschi, Trojani, and AndreaVedolin (2007), ChenlliGo
Dufresne, and Goldstein (2008), and Cremers, Driessenyiaethout (2008).

2Extensions and estimations of the jump-to-default modelkide Carr and Wu (2005), Carr and Linetsky (2006), and DOT2

3Examples include Carey (1998), Pedrosa and Roll (1998)pBand Garzarelli (2000), Frye (2000), Collin-Dufresneldstein,
and Martin (2001), Delianedis and Geske (2001), Elton, @rubgrawal, and Mann (2001), Aunon-Nerin, Cossin, Hrickad
Huang (2002), Bangia, Diebold, Kronimus, Schagen, and &chann (2002), Capmbell and Taksler (2003), Cremers, &gies
Maenhout, and Weinbaum (2004) Ericsson, Jacobs, and Otetfenberger (2004), Hilscher (2004), Consigli (2004s¥alou and
Xing (2004). Altman, Brady, Resti, and Sironi (2005), Bakéadan, and Zhang (2006), Zhang, Zhou, and Zhu (2006), ennd
Ostrovnaya (2007), Cao, Yu, and Zhong (2007), and Wu and g (2008).



induce or force bankruptcy well before the equity value clatgly vanishes. Theoretical work on strategic
default includes Leland (1994), Leland and Toft (1996), &msdn and Sundaresan (1996), Mella-Barral and
Perraudin (1997), Fan and Sundaresan (2000), GoldsteimniuLeland (2001), Broadie, Chernov, and
Sundaresan (2007), and Hackbarth, Hennessy, and Lelaf@)(2h an empirical paper, Carey and Gordy
(2007) find empirical support for active strategic behavfoom private debt holders in setting the endogenous
asset value threshold below which corporations declar&rbptey. In particular, they find that private debt
holders often find it optimal to force bankruptcy well beftine equity value vanishes. Our specification of the
strictly positive upper barrieB is in line with such evidence and the strategic defaultditiere. On the other
hand, the sudden drop in equity value from abBve belowA at the time of default can come from several
sources, including deadweight losses such as legal feelgaihtion costs associated with the bankruptcy
process. In addition, when forced to liquidate, equity botdlose the option value of future risky projects.

These losses can generate a sudden drop in the equity vatudefines our default corridor.

Given the presence of the default corridor and the avaitakaf two American put options of the same
maturity T struck within the default corridoA < K; < Kz < B, a simple spread between the two American put
options scaled by the strike distantk(t,T) = (R(K2, T) — R (K1, T)) /(K2 — Ky), replicates a standardized
credit insurance contract that pays one dollar at defauéinsfier the company defaults prior to the option
expiry and zero otherwise. Without default, the stock patays above,, and neither put options will be
exercised as they have zero intrinsic value. If default ccquior to the option expiry, the stock price falls
belowK; and stays below thereafter. It becomes optimal to exer@#edptions at the default time, and the
scaled American put spread nets a payoff of one dollar at ¢ffeeutt time. As long as the default corridor
exists and there are two traded American put options striitknwhis corridor, this simple replicating strategy
holds robustly, irrespective of the details of the stock@dynamics before and after default, the interest rate

dynamics, and default risk fluctuations.

We refer to this standardized credit contract ami recovery claim This fundamental claim is simply a
fixed-life Arrow-Debreu security paying off one dollar whtire (default) event occurs, and zero otherise.
Our simple and robust replicating strategy suggests tha&nwédearn the value of the unit recovery claim from
the market quotes on equity American put options, which atiwely traded in the U.S. on several options
exchanges. In the special case in which the lower bound afdtrédor is zero A = 0) so that the stock price

falls to zero at default, we can g€t = 0 and use a single American put option to replicate the unavery

“Currently, unit recovery claims are listed on the Chicagaf8iaf Options Exchange under the name Credit Event Binatip@p
(CEBO) with planned maturities ranging from 1 to 10.25 yehosvever, trading volumes on the contracts are low low upédime
of this writing.



claim,U (t,T) =R (K, T)/Ka.

In the option pricing literature, the American feature aicht options has introduced tremendous difficulty
in option valuation. The problem of analytically relatingn&rican option prices to the underlying stock price
dynamics is notoriously difficult. By contrast, we can valumerican put options struck within the default
corridor in closed form under constant interest rate andudefrrival rate assumptions. Furthermore, the
American feature helps us in creating the unit recoveryntledntract. Using two analogous European put
options would create a contract that pays one dollar at thieropxpiry, instead of at default, when a default

event occurs prior to the option expiry.

The most actively traded credit insurance contracts in Wiee-the-counter market are credit default swaps
(CDS) written on corporate bonds. A CDS contract provideggation against credit risk. The protection
buyer pays a fixed premium, often termed as the CDS sprealeteeller for a period of time. If a certain
pre-specified credit event occurs, the protection buygrsstbe premium payment and the protection seller
pays the par value in return for the corporate bond. Assuffiteed and known bond recovery rateye show
that the value of the protection leg of the CDS contract ippronal to the value of the unit recovery claim,
with the proportional coefficient being the loss given d#faAssuming deterministic interest rates, we can
also represent the value of the premium leg as a functioneatithit recovery claim term structure. Reversely,
with the assumption of fixed recovery and deterministicregerates, we can strip the unit recovery claim

term structure from the term structure of CDS spreads.

To empirically test the validity of the theoretical linkagee select a list of companies that we have
reliable quotes on American put options and CDS spreads Jaeotuary 2005 to June 2007. From options, we
synthesize at each date the value of the unit recovery clairti® longest option expiry. From the CDS data,
which are quoted at fixed time to maturities from one to fivergewe interpolate to obtain a CDS spread
matching the option expiry and compute the correspondirigrecovery value while assuming fixed bond
recovery rate and deterministic interest rates. We comip@&dme-series behavior of the two unit recovery
value series, and find that the two series show similar ageralyies and strong co-movements. Furthermore,
when we regress the deviations between the two series agaimsnon variables used to explain American
put values such as stock price and stock return volatilitg,fuvd that these variables cannot fully explain
the deviations. On the other hand, the cross-market dem@predict future movements movements of both

series, especially the movements of the American put option

SCurrently, swaps on default recovery rates are also agtivatled over the counter. One can use such contracts to aedne
the uncertainties in bond recoveries embedded in the CDSawtn



Our paper offers several new insights. First, many strattorodels with strategic default imply the
existence of a default corridor, but the simple robust lggk#hat we identify in the presence of the corridor
is new. Second, compared to the many linkages identifiedaritdrature through parametric (structural or
reduced-form) model specifications, our identified linkdbgéwveen equity American put options and credit
insurance is much simpler as it does not incur any significamputations involving Monte Carlo, Fourier
transforms, or lattice constructions. Third, our linkagealso more robust as it does not depend on any
particular parameterizations of pre- and post-defautikspoice dynamics, interest rates variations, and default
risk fluctuations. Most importantly, the American put sgteaplicates theash flowof the credit insurance
contract. Hedging the credit insurance contract with theeAcan put spread generates a static portfolio that
is markedly different from dynamic hedging and rebalandaged on historical regression coefficients or

gradients from an estimated parametric model.

The rest of the paper is structured as follows. The next@etlys down the theoretical framework, under
which we build the linkage between equity American put amgiand credit insurance. Section 3 describes the
data that we use for our empirical work and the procedurevtbdollow to estimate the value of unit recovery
claims. Section 4 compares the time-series behavior ofriftegecovery claim values estimated from equity

American puts and the CDS market. Section 5 offers conatudémarks and directions for future research.

2. Theory

Black and Scholes (1973) and Merton (1973) propose an optimng model (henceforth the BMS
model) that has since revolutionized the derivative ingustUnder the BMS model, the underlying stock

price follows a geometric Brownian motion. The risk-nelstack price dynamics are
§ = et (1)

whereo denotes the constant instantaneous return volatilitvsradenotes a standard Brownian motion. We
assume zero dividend and constant interestrdioe notional clarity. Starting from a positive lev& > 0,

this stock price can never hit zero.

In what follows, we first review two generalizations of the Bihodel, proposed by Merton (1976) and
Rubinstein (1983), respectively. We combine the two gdizaitéons to set up a toy example of our modeling

framework, under which we can price American put option$imia certain strike range analytically. We also



illustrate how to link American put spreads to the creditunasce contract that we term unit recovery claims.
Finally, we specify the general class of models under whiehlinkage between American put spreads and

unit recovery claims remains robust.

2.1. Atale of two generalizations

For companies with positive default probabilities, thecktprice going to zero is a definite possibility.
After a company defaults, its stock price is likely to be lomdat is common to assume that the stock price
is in fact zero after bankruptcy. Recognizing that the ulyiteg stock price dynamics in the BMS model
are not consistent with this default-related behavior,tble(1976) generalizes the dynamics by allowing the
possibility for the stock price to jump to zero. Assuming astant arrival raté for such a jump, we can

write the pre-default risk-neutral stock price dynamics as

S — S)e(r+)\)t+0'\/\r{—%0'2t. (2)

We refer to this model as the Merton-Jump-to-Default (MJ)del. As the stock of a company is a limited

liability asset, the MJD model realistically assumes thatgtock price remains at zero after the jump time.

Under the MJD model, we can still replicate the payoff of adpean call option by dynamically trading
just the stock and a zero-coupon corporate bond whose valtishes upon default. The addition of the
bankruptcy state does not destroy our ability to replichgepayoff of the call option as long as we can use a
zero-recovery zero-coupon corporate bond to replace tlaeitiéree bond as a hedge instrument. The reason
is that the value of the target call option and the value ofstieek-bond hedging portfolio both vanish upon

default.

Since the payoff of the call option can be replicated, it€glis uniquely determined by no arbitrage.
Merton (1976) shows that the only effect on the BMS call mgcformula of using the MJD model is to
cause the stock growth rate and call discount rate to botlease by the risk-neutral default arrival rate
The reason for these changes becomes clear once we rectwatiiee option pricing formula relates the call
price at any future time to the contemporaneous stock pgraraitioning on no prior default. The requirement
that the unconditional risk-neutral expected return onstioek and the call both be the riskfree rate forces
the conditional growth rate in each asset to be higher, agatues for both assets drop to zero upon default.

Since each asset drops by 100% of its value, the conditionalth rate of each asset must exceed the riskless



rate by the default arrival rate, as it is specified in equafR).

The MJD model extends the BMS model to include bankruptcyengreserving tractability. In evaluating
the validity of any extension of the BMS option pricing madiélhas become common practice to use the
notion of option implied volatility. The implied volatilt of an option is defined as the constant volatility
input that one must supply to the BMS option pricing model idev to have the BMS model value agree
with a given option price. The given option price can be pomiliby either a model value or a market
price and hence implied volatilities can likewise be prastliby either the model or the market. The model
implied volatility of the BMS model is invariant to strikeipe. In contrast, the model implied volatility of the
MJID model is always decreasing in the strike price, genagatihat is commonly referred to as an implied
volatility skew. In particular, Carr and Laurence (2006)igkethe following short-maturity approximation for

the implied volatility function under the MJD model,

N(dy) —— _In(§/K)+1(T —t) — 304T —t)
n(dy) T-t, b= oVT —t i ’

Vi (d, T) = 0+ 3)

whereN(-) andn(-) denote the cumulative and the probability density funatioha standard normal variate,
respectively. Under this approximation, the slope of thelied volatility skew against the standardized
measure of moneynesb evaluated atl, = 0 is simply /T —tA and is hence directly determined by the

probability of default.

Motivated by the possibility of producing an analyticallgadtable European option pricing model for
which implied volatilities can decrease or increase irkstrRubinstein (1983) introduces the displaced dif-
fusion option pricing model, henceforth the RDD model. Iistinodel, Rubinstein relaxes the requirement
in the BMS model that the state space of the underlying stoick jgiffusion be the whole positive real line.
Specially, Rubinstein introduces a new paramster(—o, &) and suggests that the risk-neutral process for

the underlying stock price be constructed by sumnBeg and a geometric Brownian motion,
S =Bé' + (§— B)et N9 4

As a result, the state space of the underlying stock pricegsat any timeis (Be',») rather than0, «).
When B > 0, the stock price has a strictly positive lower bound anddpgon implied volatility for this

model is monotonically increasing with the strike pricephrticular, at short maturities, the implied volatility



function can be approximated as,

A In(K/S)
ViK)~ J$ sgsdx  IN(K=B)/(S— B)” ©

where the implied volatility starts at zero when the strikdelow the lower bound and increases monotoni-

cally as the strike increases. The implied volatility cames too as the strike price approaches infinity.

It is interesting to compare the two BMS generalizations: rivlgs generalization introduces a scale
factor eM on the allowed sample paths, while Rubinstein’s genettigizantroduces a shifBe®. Under the
MJD model, the underlying stock price has a state spa¢@, &f) and the model implied volatility can only
decline in strike price. Under RDD, the underlying stoclcprhas a state space at timef (B€', ) and the
model implied volatility can only increase with the strikb@nB > 0. Neither model can produce a U-shaped
relation between implied volatility and strike price, agldhat is the most commonly observed in individual
stock options and is often referred to as the implied vatatdmile. To generate smile-consistent dynamics,

we propose to combine the two generalizations to both scaleshift the sample paths.

2.2. Defaultable displaced diffusion: A toy example

Before we lay out the general model specification, we stdh avtoy example to illustrate the ideas behind
the linkage between the value spread of two American putsamddit insurance contract. Our specification
allows for both default as in the MJD model and diffusion thspment as in the RDD model. Taken together,

we label the class of models that we proposdefaultable displaced diffusioor the DDD model.

We start with the stock pric& following Rubinstein (1983)’s displaced diffusion oveetfixed time
horizont € [0,T]. The stock price process is assumed to be positively disglagithB € (0,S)]. Then, we
depart from Rubinstein’s model by adding the possibilitpafown jump in the stock price. If the stock price
jumps at some time € [0,T], we assume that it jumps to a deterministic recovery |&() = Ae "7,
Zero recovery A = 0) is allowed as a special case within our specification. rAfie jump timet, the stock
price grows deterministically at the riskfree rate§ = R(t) for t > 1. The risk-neutral arrival rate of the jump

in the stock price is assumed to be constat at

To formally model the risk-neutral stock price dynamicshe toy DDD model, we us& to denote a
geometric Brownian motion,
G = M2, (6)



starting ailGg = 1. The random proce$3is a martingale started at one. WeJdie another martingale started

at one defined by

k=1(N=0)e", (7)

whereN; denotes a standard Poisson process with a constant aat®al This process drifts up at a constant
growth rate ofA and jumps to zero and stays there at a random and exponerdisifibuted time. We

construct the risk-neutral stock price proc&dsy combining the two random processesndJ as
S- =€'{R(0) +4-[B—R(0) + (S —B)G}, (8)

where the subscrifgt- denotes the pre-jump level at tihe

To understand this stock price process, we can rewrite fi@sum of three components,
S =R(0)€" +[B-R0)e"} +(S-B)e"% Gt €)

Each component has the form of a constant, multiplieé¢yyand then a martingale. Therefore, each compo-
nent can be interpreted as the titnealue resulting from investing the constant in an asset widsal price

is one. In this sense, we are attributing the equity valuefofrato returns from three types of investments.
The first type is a riskless cash reserve defined by the detistiniand non-negative proceRé) = R(0)€e".
Zero riskless cash reserve would result in zero equity mgorpon default. The second type is a defaultable
risky cash reserve defined by the stochastic and non-negatocesgB — R(0)]€"J,_, with the martingale

J_ capturing the default risk. The third type of investment idedaultable and market risky asset defined
by the stochastic and non-negative proc€®s— B)e'J_G;, with the martingaleG; capturing the market,
diffusion-type risk. Under the risk-neutral meas@eall three investments generate a risk-neutral expected

return ofr.

If we setA = 0 in the toy DDD model, the model degenerates to the postidedplaced diffusion of
Rubinstein (1983), for which implied volatility increasegth strike. Conversely, if we sé& = 0 and assume
zero equity recovery, the model degenerates to Merton {XORBID model, for which implied volatility
decreases with strike. WhenandB are both positive, the implied volatility displays a smilaen graphed
against the strike price. This model behavior is broadlys@iant with the behavior of implied volatilities

obtained from market prices of listed American stock ofion

Under the DDD model), = €M prior to default and3; > 0. Hence, equation (9) implies that the stock



price § exceeds(t) = R(0)€" + [B — R(0)]el"*Mt, At the default timer, J; = 0, and the stock price jumps
down to the riskless cash reserve leRét) = Ae "(T-U). After the default, the stock price evolves risklessly
according to§ = Ae "(T-Y. SinceB(t) > B andR(t) < A, the stock price process is random and at |@st
before default occurs,c [0,TAT], and becomes deterministic and at mastfter defaultt € [1, T]. We label

the region/A, B] as thedefault corridor, within which the stock price cannot reside prior to opticmpiey.

2.2.1. Transition probability density function

Under the DDD model, the transition probability density d¢tion of the stock price can be derived in

closed form. FoK > B(T) andS> B(t), the probability density conditional on surviving Tois

e 1 Inh+ 30%(T —t) 1
Q{Sr € dK|§ =SNy =0} = m exp [_ 2062(T —1) K_A_[B_R(0)eNT’ (10)
with
e (K _ A)ef(er)\)(Tft) _ [B _ R(o)]e(rJr)\)t (11)

S—{R(0)e" + [B— R(0)]elr Mt}
We leave the proof to Appendix A. The risk-neutral defautih@bility over|t, T] is simply 1— e MY and

this is also the risk-neutral probability th& = A, given that§ > B(t). One can easily use these results to

develop closed form formulas for European options.

2.2.2. Pricing American put options

To price American put options, we divide the strike prigemto four regions. If the strike price is above
B, we need to resort to finite difference methods to numeyicaproximate the American put value as is the
case under the BMS model, the MJD model, or the RDD model. ®wotimer hand, if the strikes are below or
equal toR(0), K € [0,R(0)], the American puts are worthless because they cannot fimigteimoney in the

DDD model as the stock price is always no lower tfR{0).

If the strikes fall betweeK € (R(0),A], at any timet before default, the stock price is abd®@nd hence
the strike priceK. To define the continuation and exercise regionst*letolve Ae "(T-t) = K. If default
occurs at some timein (0,t*), S; < K and it is optimal to exercise at If default occurs ift*, T], S; > K and
it is better to hold on to the American put and let it expire thtess. Therefore, for such puts, the continuation

region is the union of all stock prices aboBé) and the curveR(t),t € [t*, T], while the exercise region is



just the curveR(t),t € [0,t*]. The payoff from holding such an American putds- R(1) at timet if T <t*
and zero otherwise. L&y (K, T) denote the time-0 value of an American put. By risk-neutedligtion, we

have,

P(K,T) = E%{e K- RAO)L(T<t)} = /0 e Met K — Ae (Tt

_ e (r+Mt At
= A [Klr% —Ae'T 1%] . 12)

Most interesting to us is when the strike prices fall withive tdefault corridoiK € [A,B]. Then, we
havet* > T. The continuation region is all stock prices ab@(¢) and the exercise region is just the curve

R(t),t € [0,T]. The put value is obtained by simply replacirignith T in equation (12),

e (rNT _ e \T
l-e tl-e ] (13)

Po(K,T)=A |[K——— — Ae

b(KT) [ r+A A
Importantly, equation (13) shows that the value of an Anzgrigut struck within the default corridor depends
only on the default risk of the company, but not on the marisgtcomponent of the stock price dynamics. In
particular, holding fixed the default arrival ratethe American put value does not depend on the stock price
and hence exhibits zero delta. Furthermore, the Americani@es not depend on the diffusion volatiliby

and hence shows zero vega when vega is defined as option ealsié\sty against the diffusion volatility.

2.2.3. Linking American put spreads to unit recovery claims

Suppose that the market prices are available for at leasbtivof-the-money American put options with
a common maturityl and with the strikes falling within the default corridgk, B]. Let K; andK, denote
the associated strike prices with< K; < K, < B. Since§ > B prior to the default time, neither put will
be exercised if the firm survives . On the other hand, if the firm defaults at some timiseforeT, since
S < Kj and grows deterministically thereafter, both puts will bereised att. Let AK = K, — K; and
AR(T) =R(Kz, T) —R(Ky,T), whereR(Ky, T) and R (Kz, T) are the two observable put option prices at
timet. Suppose that an investor buﬁ units of theK, put and writes an equal number of tke put, the

time-+ cost of this position i\R(T)/AK, which we refer to as the American put spread.

If no default occurs prior to expiryt(> T), the American put spread expires worthlesst ¥ T, the

American put spread pays out one dollar so long as both pdsébave optimally. Furthermore, so long as

10



the American put prices are consistent with optimal behraagois usually assumed, these prices can be used

to value credit derivatives.

To illustrate this point, consider @anit recovery claim which pays one dollar at if T < T and zero

otherwise. Let (t, T) denote the timé-value of this claim. In the toy DDD model, this value is

1_ e (TN)(T-1)

r+A (14)

T
UtT)=E2[e™(t<T)] = / e (F+Nsgs—
t

Comparing the value of the unit recovery claim to the riskitred default probability over the same horizon,
D(t,T) = E2[1(1 < T)] = 1— e 7Y, which can be regarded as the forward price of one dollar paid

expiry upon default up to expiry, we obtain the following karg,
UET) <D(T)<eTUET), r>o. (15)

The risk-neutral default probability is higher than thegamet value of the unit recovery claim but lower than

the forward price of the unit recovery claim given the payirtening differences.

Since the unit recovery claim and the put spread have extdmetlgame payoff, no-arbitrage dictates that
they should be valued the same. Thus, if the market priceseafto American put& (K, T) andP; (Ky, T)
are available, we can infer the value of the unit recoveryntlrom the prices of the two American put

options,
Pt(K27T) - Pt(KlaT)
Ko —Kj ’

Ue(t,T) = (16)

where we use the subscripto denote the information source as from options.

2.3. Defaultable displaced diffusion: The general spegiitmn

The toy DDD model places strong restrictions on the stockepdynamics to show clearly the tight
linkage between American put spreads and default contingaims. In this subsection, we show that the
fundamental linkage as shown in equation (16) remains yvelidn if we relax the assumptions of the toy

DDD model substantially. In particular, we can generaltenodel along four major dimensions.

e Random Interest Rates: In the toy DDD model, the riskfree interest rate is fixed asm@stant. In the
general specification, we allow the spot interest ratebe a nonnegative stochastic process. As aresult,

there exists a money market account whose initial balanmegsind whose balance at titne [0, T] is
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given by s, = elorsds, No arbitrage dictates that there exists a risk-neutrabgdodity measurd) under

which the gains process from any admissible trading styadeflated bys is a martingale.

e Random Stock Recovery: In the toy DDD model, the stock price evolves randomly abBwvgrior
to default, and the recovery vali®t) evolves deterministically below a levél < B afterwards. In
the general DDD class of stochastic processes, the stock pain be random at the default time and
afterwards, but it must evolve below a barriek B in any post-default periotl€ [1,T]. To define
these post-default dynamics, (&, B) be the default corridor witth > 0 andB < S. Let R, be the spot

price of an asset with suppdfi, A] over [0, T]. We may write its stochastic differential equation as:
dR =rRdt+dM: t € [0, T], (17)

whereMR is aQ martingale. We simply s& = R, in any post-default periode [t, T].

e Stochastic Default Arrival: In the toy DDD model, the risk-neutral default arrival rageconstant. In
the generalization, the risk-neutral default arrival Paie a nonnegative stochastic process. We define
J = 1(\; = 0)elo?sds whereN is now a counting process. We note tdds a stochastic exponential
since it solves:

d = —J_[dN — A\ dt]. (18)

Furthermore sinchl; — fé)\sdsis a martingale, so i3. We require that the martingalebe independent

of the procesf.

e Stochastic Volatility and Jumps:. In the toy DDD model, the market risk driver is a geometric\Bro
nian motion, denoted &S;. In the general specification, we allow the market risk dri@eto be the
stochastic exponential of a martingal®, i.e., G; = £ (M®). As a result,G still starts at one and is
still a martingale since

dG = G,_dME. (19)

The proces$ is now allowed to jump, but we assume that jump#/4fi are bounded below by -1, so
thatG is nonnegative. We furthermore require that the martinGabe independent of the martingale

J. In contrastG can depend on, A, andR.

With these four dimensions of generalization, we constituetstock price process as

S = (1- 3R +eb" I3 B+ (S - B)GY, (20)
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whereRy_ = Ry. We can again expressas the sum of three stochastic processes,
S=R-JIR+ebY[B+(9-B)G], te[0T) (21)

Fort € [0,TAT], the first termR; is clearly an asset price process, as indicated in equation Since the
martingalel is a stochastic exponential and is orthogondktthe productiRis also an asset price process for
t € [0,TAT]. Since the martingalesandG are orthogonal, the proced$B+ (S — B)Gi] is also a martingale.
As a consequence, the last term in (21) is an asset pricegzoltdollows thaiSis also an asset price process
fort € [0,TAT]. SinceN; =0 and} = elorsds prior to default, the stock price dynamics over [0,TAT) can
also be written as,

§ = R[1- el 4 b= M0sB 1 (5, B)Gy. (22)

The stochastic differential equation that governs thekspoice process prior to default becomes,

dS = (i +A)(S —R)dt+ Rt +[S —R_—& el(B_R)AME, te0TAT].  (23)

Equation (21) treats the stock as a long position in the vesasset with pricdR;, a short position in
the default risky version of this asset with prie@"SdSR( prior to default, and finally a long position in an
asset worth at leas#lo("s*As)95B prior to default. Sincee/o™sds > 1, the latter two positions net to at least
elo?sds(B — Ry prior to default. Sinca/o’ds > 1, the three positions are worth at le@sprior to default.
Thus, the stock price evolves randomly ab&iJe the pre-default periofD, T A T]. If the default timer occurs
at or beforeT, the stock price jumps t&; € [0,A], and evolves aR afterwards. Therefore, the default corridor

[A,B] remains under the generalized DDD specification.

Now, consider two American put options with a common expiaged’ and with the two strike prices
falling within the default corridorA < K; < K, < B. Prior to default, the stock price evolves randomly above
B, which is above the strike prices of both options. Therefoeither option is exercised. If default occurs at
or beforeT, the stock price jumps at the default time to some randonveggdevelR; that is below the strike
prices of both options and stays below both strikes aftadsiaf\s a result, both American puts are optimally
exercised at. These results jointly imply that the American spread staletheir strike distance replicates

the unit recovery claim that pays one dollar when defauluck@rior to option expiry and zero otherwise.
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Accordingly, the value of the unit recovery claim should gea to the value of the scaled put spread,

Pt(K27T) - Pt(KlaT)
Ko —Kj

U°(t,T) = , (24)

Furthermore, using American put options at different rmités; we can compute the values of the unit
recovery claim from equation (24) at different maturitigwe further assume deterministic interest rates,
we can strip the risk-neutral default probabilities frora tarm structure of unit recovery claims. Specifically,
assume that the riskfree rate is a deterministic functioiineé r (t) and lets (t, T) denote the timeé-price of
the survival claim that pays $1 @t if no default occurs befor@ and zero otherwise. Then, irrespective of

how default occurs, no arbitrage implies that
S(t,T) = e K9 _y e, T) +/ rwduy (¢, g)ds (25)

The equation reflects the fact that the survival claim has#imee payoff as the portfolio consisting of:
e long one default-free bond paying $1Taand costings /' (99s at timet.
e short one unit recovery claim maturing®iand costingJ (t,T).
e longr(s)e < "Wdugsunit recovery claims for each maturigye [t, T], with each unit costingy (t, s).

If no default occurs befor&, the default-free bond in the portfolio pays off the desidetlar, while all of the
unit recovery claims expire worthless. If the default oscheforeT, the value of the portfolio at the default

timet € [t, T| becomes
e S l—l—/ dudS e [ r(s)d l_|_/ de J3 r(uydu =0, (26)

as desired.
Once the price of the survival claig(t, T) is known, the risk-neutral probability of defaulting oVerT|
is,

]D(t,T)EQ{T<T}:1—eftT'(S)d55(t,T):U(t,T)eftTr(s)dS—/ r(geh "Wt 9ds  (27)
t

The risk-neutral default probabilifi(t, T) andU (t, T)e/t s)ds gre both forward prices of claims that pay one
dollar if default occurs before expiry. The risk-neutrafaddt probabilityD(t,T) is lower than the forward

price of the unit recovery clair (t, T)eft s)ds\when interest rates are positive, because the paymentdime i
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at expiryT in the former claim but < T in the latter.

2.4. Linking unit recovery claims to CDS spreads

The most actively traded credit contract takes the form oéditdefault swap (CDS) written on corporate
bonds. A CDS contract provides protection against creslit rThe protection buyer pays a fixed premium,
often termed as the CDS spread, to the seller for a periodhef tif a certain pre-specified credit event occurs,
the protection buyer stops the premium payment and thegtiateseller pays the par value in return for the

corporate bond.

In this section, we analyze how to use unit recovery claimeslto determine the CDS spread in a fairly
robust way. LeW P(t, T) denote the timé-value of the protection leg of a CDS contract @tidenote the
recovery rate on the corporate bond in case of default. Thegion leg pays + R® at the time of default
(v) if Tt < T and zero otherwise. The recovery rate on corporate bondsgeneral not known ex ante and it
can vary with different bonds and different default sitaai. Nevertheless, also actively traded nowadays are
swaps on the recovery rate of corporate bonds on defaults, Tdne can use the recovery swaps to remove
the uncertainty in the bond recovery in the credit defauldswontract. Assuming that the recovery refe
is known and fixed, we observe that the payoff of the protacky of the CDS is simply + R times the

payoff of a unit recovery claim. No arbitrage implies that

VPOUE T) = (1—-ROU(L,T). (28)

To value the premium leg of a CDS contract, weAét, T) denote the value of a defaultable annuity that
pays $1 per year continuously until the earlier of the deféie T and its maturity dat&. We can write the
annuity value as

At,T) = /tTS(t,s)ds (29)

with s (t,s) being the prevent value of a survival claim that pays oneadalitimesif T > sand zero otherwise.
Assuming that the riskfree rate is a deterministic functbtimer (t), we can substitute (25) into (29) to relate

A(t,T) to the term structure of unit recovery claims,

T s S s
A(t,T):/ {eﬁr(u>du_U(t,s)+/ r(u)efur(")dVU(t,U)dU} ds (30)
t t
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Finally, letk(t,T) denote the timé-CDS spread of expiry daf€. Assuming continuous premium pay-

ments untitt A T, we can represent the CDS spread as

VPrO(L T)

AGLT) (31)

k(t,T) =

Assuming a known bond recovery ra®8 implies that equation (28) can be used to relate the nuntei@to
the unit recovery claim value (t, T). Assuming deterministic interest rates implies that equg30) can be
used to relate the denominator to a given term structure ibfrecovery claims. Making both assumptions

allows the CDS spread to be expressed in terms of unit regal@m values,

(1-R)U(t,T)

k(t,T)= = _ .
( ) ftT {e_.]t r(u)du—U(t,S)+ﬁSr(u)e_Jur(v>dVU (t,u)du}ds

(32)

Reversely, one can numerically infer the term structurenifrecovery claims from the term structure of CDS

spreads (Carr and Flesaker (2007)).

3. Data and methodology

To gauge the empirical validity of the simple theoreticaklige between American put spreads and credit
protection, we select a list of companies. For each compa@ybtain quotes both on American put options
written on the company’s stock and CDS spreads written orcdingpany’s corporate bond. We create unit
recovery claims from the American puts and compare themeaatiresponding values estimated from the

CDS spreads.

The American options quotes on stocks are obtained fromo@idietrics, and the CDS spreads are ob-
tained from Bloomberg. The stock options are exchangedistith fixed expiry dates, the longest time to
maturity ranging from one to three years. The CDS spreadsraoeer-the-counter contracts with fixed time-
to-maturities at one, two, three, and five years. Our araigsbased on the common sample period for the

two data sets from January 2005 to June 2007.

For each selected company and at each date, we estimateithecawery claim value from American

puts at the longest option expiry. Accordingly, we integtelthe CDS spreads across fixed time to maturities

6In practice, payments are quarterly, but an accrued sprapugnt is netted against the default payoff when defauls ame
occur on a CDS payment date.
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to obtain the CDS spread at the corresponding expiry dateh@®ecompute the corresponding unit recovery
value based on the interpolated CDS spread and the preyailiarest rates. We collect U.S. dollar LIBOR
and swap rate data from Bloomberg and strip the interestcraige based on a piece-wise constant forward

assumption.

To select a list of companies with reliable quotes for bothdtock options and the CDS spreads, we apply
the following filtering criteria: (1) Bloomberg provideslisble CDS quotes for the company at one-, two-,
and three-year maturities over our sample period. (2) @Mitrics provides non-zero bid quotes for one or
more put options struck more than one standard deviatiomwbtile stock price and maturing in more than
360 days. (3) The average CDS spread at one-year maturityoavesample period is over 30 basis points.
The first two criteria guarantee that we have the required fdam both markets for our comparative analysis.
The third criterion generates a set of companies with siganti default probabilities. For companies with
very low default probabilities, the noise due to bid-aslespis of out-of-the-money put options would swamp
any default signal that these prices may possess. Basecea@btve criteria, we choose eight companies.

Table 1 lists the tickers, the cusip numbers, and the namie @ight companies.

3.1. Constructing unit recovery claims from American pueags

Our model assumes the existence of a default corfild] such that the stock price evolves randomly
above the corridor before default and it evolves randomlgva¢he corridor after the default. Given knowl-
edge of the corridor, we can choose two American put optibaslswithin the corridor and form an American
put spread that replicates a unit recovery claim. If we olssémerican put options across a continuum of
strike prices, this corridor will reveal itself as the s&ikange within which the American put option prices
are linear in the strike prices with the slope equal to thé iatovery value. Outside the corridor, American
put option prices are usually a convex function of the stpkiee due to market risk (return volatility). In
reality, however, American option quotes are availablg abh finite number of strikes. Detecting the default

corridor requires additional assumptions.
We have considered three alternative assumptions in fglegtithe default corridor:

Al We assume zero equity recovery upon defafilt0). Accordingly, we seK; = 0 and choose the
lowest strike with non-zero bid for the American putkgs Then, the value of the unit recovery claim
is simply the American put value &b scaled by the striké)°(t,T) = R(Kz, T) /K2, wherePR; (K2, T)

denotes the mid value of the American put option.

17



A2 We assume that the two lowest strikes with non-zero bidshHerAmerican puts are both within the
default corridor. Accordingly, we set the two strikids andK; to these two lowest strikes with non-

zero bids and compute the unit recovery claim valug s, T) = (R (K2, T) — R (K1, T)) /(K2 — Ky).

A3 We plot the American put mid value as a function of the strikegpand estimate the convexity of the
function as each strike point. We choose the strike with dweekt convexity estimate & and the

adjacent lower strike as; to determine the unit recovery value.

The qualitative conclusions drawn from the three alteveatinit recovery claim estimates are largely the
same. Assumption Al is the simplest and it allows us to raef@i¢he unit recovery claim using one single
American put option. Using one instead of two American putans can potentially reduce the transaction
costs involved in the replication. The unit recovery claieniess constructed under A2 tend to contain more
short-term noises. The last method often generates be#elts when we have a large number of strikes, but
can break down and generate poor estimates when we only Havwestrikes available. In what follows, we
perform our analysis based on the unit recovery claim vatoestructed from Al, the simplest of the three

methods.

3.2. Inferring unit recovery claim values from CDS spreads

To verify the unit recovery claim value computed from Amariqut options, we also estimate its value

from quotes on the most actively traded over-the-counteditderivative contract, the CDS spreads.

The American options are at fixed expiry dates. The unit regoelaims that we have created from
American put options have time to maturities ranging fromd &1963 days. The over-the-counter quotes on
the CDS spreads are at fixed time to maturities at one, tweetland five years. To estimate the corresponding
unit recovery claim value from the CDS market, we first limgarterpolate the CDS spreads across maturities
to obtain a CDS spread at the maturity matching the optiomexiate. Then, we compute the unit recovery
value from the interpolated CDS spread, T) by assuming fixed bond recovery rate of 4088 £ 40%) and

deterministic interest rates,

1 e (FET)HAET))(T-1)

VAL T) =MD — ey aea )

. AT =k(t,T)/(1-R), (33)

wherer (t, T) denotes the continuously compounded spot interest rateattevant maturity, which we strip

from the LIBOR and swap rates. The supersceiph the unit recovery valué (t, T) reflects the fact that the
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information is from the CDS market,

4. Results

For each selected company, we compare the two time serigstoeaovery claim values estimated from
the options and the CDS markets. If our theoretical linkagalid, we should expect that (i) the unit recovery
claim value that we create from the American put options ese&lin magnitude to the corresponding value
estimated from the CDS market; (ii) the two unit recoveryralaalue series show strong co-movements; and
(i) the value of the scaled American put’(t,T) = R(K,T)/K> is a pure credit contract and thus, once
controlled for the credit risk variation, should not vargrsficantly with other common variables that affect

option pricing such as stock price and stock return votgtili

4.1. Summary statistics of the unit recovery claims

Table 2 reports the summary statistics of the unit recoviaiyncvalue series)® andU?, estimated from
the CDS market and the American put market, respectivelye [@kt column reports the cross-correlation
estimates of the two series for each company. As they aresalo the same contract but estimated from
different markets, we expect the two series to have simianrsary statistical behaviors and show strong
co-movements. The mean values of the two series are in cablpanagnitudes. The CDS market generates
higher mean values for the unit recovery claim on AMR, F, ad, But lower mean values on the other
five companies. The daily autocorrelation estimatedpare slightly higher than that fdg? for all eight

companies, suggesting that the values computed from theaiganegouts contain more transitory variations.

To analyze the source of the value deviations across the tar&ets, we perform the following stacked
regression,
UP—-Uf=D; — 05033 (US+UP)/2 + 0.0466 InK;+a,
(0.0608 (0.0075

(34)

whereD; is a matrix of intercept dummy variables accounting for ptisé average differences across dif-
ferent firms. We estimate the relation using the generalimethods of moments with the weighting matrix
constructed according to Newey and West (1987) with 60 |agee regression generates an R-squared of
85.24%. The estimates suggest that the American puts tegehirate higher unit recovery values than that
from the CDS spreads when the URC levels are low and the sthikies are high. On the other hand, the
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American put-generated URC values tend to be lower when R€ lgévels are high and the chosen strike

levels are low.

When the unit recovery claim value is low, the American putigawithin the default corridor can be so
low that given the discreteness of the tick sfzmarket makers can put a zero bid on these options. Since we
choose options with strictly non-zero bids, we can oveirrede the unit recovery value by choosing a strike

above the actual default corridor. The bias is larger wherstiected strike price is higher.

On the other hand, when the unit recovery claim value is hifgh American put values within the default
corridor are high. In this case, we may under-estimate theraoovery claim value by assuming zero-
recovery on the equity value and by settikg= 0. For example, if the equity recove#dyis strictly above
zero, the scaled American put optiBr(Kz, T)/Kz will pay off (K, — A) /K at default when the default time
is at or prior to the option expiry date. This payoff is lowkain the one dollar from the unit recovery claim

contract. Accordingly, the scaled American put value ureltimates the unit recovery claim value.

Furthermore, when we infer the unit recovery claim valuefitbe CDS spreads, we make the assumption
that the bond recovery rate is known and fixed at 40%. If iniyetile expected recovery is lower when the
expected default probability is high, our fixed recoveryuasgtion would over-estimate the unit recovery
value from the CDS spread when the default probability (agck unit recovery value) is high and under-
estimate the unit recovery value when the default prokghdilow, thus also generating the negative slope

on the unit recovery claim value from the regression in (34).

4.2. Strong co-movements between the American puts and8er@rkets

Despite the scale differences induced by the recovery gstsums, the two series show strong co-movements.
The cross-correlation estimates in the last column of Tabénge from 0.369 for CTB to 0.941 for GM, with
an average of 0.784. The correlation estimates are pati¢ugh for companies with high average unit

recovery values and hence high default probabilities.

To further analyze the co-movements of the two series foh eampany, we regress the American put-

generated unit recovery claim value on the CDS-generatidaaovery claim value,

UL = a+bUF + i, (35)

"The tick size is five cents for options less than three doliasten cents for options above three dollars. Reducingaksize
to pennies is currently under experiment through the pilogpam.
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where regression coefficienta, b) adjust for the potential level and scale biases induced bypption strike
choices and equity and bond recovery assumptions. Thessegreresiduati; captures the part of the vari-
ation of the American put optiorJP = P;(K)/K) that cannot be explained by the CDS market variation.
We estimate the relation using the generalized methods afents with the weighting matrix constructed

according to Newey and West (1987) with 60 lags.

Table 3 reports the coefficient estimates &sthatistics (in parentheses) of the regressions on thadeit
side. Under the null hypothesis that the two time sed@sandUF represent values on the same contract,
we have thata = 0 andb = 1. Thet-statistics of the coefficient estimates are computed ag#ese two
null values, respectively. The slope estimates differ fiiecent companies, but they are all positive and vary
around the null value of one. On average, the slope is belexab0.933 and the intercept is positive at 0.016.
In addition to the possible differences induced to strikeicts and recovery assumption, another source for
this average bias is the well-known errors-in-variablesiés When the regressor contains noise, the slope

coefficient is biased toward zero and the intercept is bieaszbrdingly, away from its null value.

Table 3 also reports on the right hand side the R-squaredeofetressionsR?) as well as the daily
autocorrelation (Auto), minimum (Min), and maximum (Maxtloe regression residuals. The high R-squared
estimates suggest that a large proportion of the variatidhe American putsU?) can be explained by the
CDS market variation). Furthermore, the regression residuals show lower gersis than the original

seriedJ;?, and the minimum and maximum of the residuals lie relatiggt;nmetric around zero.

To visualize the co-movements, Figure 1 plots the time sef¢he explained credit risk variaticﬁ}‘) =
§+BU{3 in the solid line and the corresponding bid and ask bounde®sdaled American puts in two dotted
lines. Each panel plots the time series for one company. MR AEK, F, GM, and GT, the fitted value from
the CDS market almost always falls within the bid-ask ranfyjthe American puts, indicating that the two

markets are largely integrated. The matching for CTB, DD, l&BH are weaker.

[Fig. 1 about here.]

4.3. Non-CDS driven variations in American puts

At normal market conditions and strike ranges, option \alugry strongly with the underlying stock
price and the stock return volatility. The option price stvities to these two variables are referred to as the

option delta and vega, respectively. The joint dependetsmeraakes the option value a convex function of
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the underlying strike price. Yet, we show that as long asetleists a default corridor, the spread between
two American puts struck within this corridor creates a penelit contract, the value of which depends only
on the default risk of the company and interest rates, but doedepend explicitly on either the stock price

or stock return volatility.

The regression results in Table 3 show that a large propoafithe movements in the American put’}
can indeed be explained by the variation in the CDS matkgt (On the other hand, the regression residuals
(uy) capture the variations in the American puts that are ndia@x@d by the CDS variation. These non-CDS
driven variations can come either from measurement ermmtsdamand shocks from the options market, or
from violations of our model assumptions: The American @ats contain pricing for market risk and hence
non-zero delta and vega risk exposures. To test this hypisthee regress daily changes in the non-CDS
driven variation of the American putsi() against daily changes in the stock price and stock retulatility
measures, respectively,

AUy = a+bAX + g (36)

where we consider three variables ¥r the stock price$), stock return realized volatility over the past year
(RV), and at-the-money option implied volatilitAT M\{) at the same option expiry date of the American put.
The stock prices is not adjusted for stock splits or dividends and hence miiielscale of the option price;
the return realized volatility is computed based on logydaturns, R = 4 /23251 rtz_d; and the at-the-money
implied volatility is obtained by interpolating the Optigietrics-provided implied volatility on the options of
the same maturity across strikes to obtain an estimate atrike that equals the spot price. We estimate each
relation using the generalized methods of moments with thighting matrix according to Newey and West
(1987) with 30 lags.

Table 4 reports the estimation results. When the regressiaily changes in the stock price, we obtain
negative slope (delta) estimates for all eight companidéth seven of them statistically significant.The R-
squared averages around 8%. These results suggest thatrteecaAn puts either contain a market risk
component that our model fails to include or that the stoaeggrcontain credit risk information not present

in the CDS market.

When the regressor is changes in the realized return \itylatile slope estimates are largely insignificant
for most companies and the R-squares are all close to zesoordlia exception is DDS, for which the slope es-
timate is statistically significant. Nevertheless, théneste has a negative sign and is hence counter-intuitive.

By contrast, when the regressor is at-the-money impliedtiity, all slope estimates are positive and statisti-
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cally significant. The R-squares are also relatively higth average around 10%. Thus, a significant portion
(about 10%) of the non-CDS driven variation of the Americatsps due to common movements in the stock
option implied volatility surface. This common movemeng de due to either market risk variations or
option market’s perception of credit risk variations. Gtewsk not only affects the pricing of far out-of-the-

money American puts struck within the default corridor, @lso affects option prices across the whole strike

and maturity spectrum (Carr and Wu (2005)).

4.4. Predicting futures options and CDS market movemerssdan their current deviation

If the non-CDS driven variation in the American puts ] are purely due to measurement errors or short-
term liquidity shocks that will dissipate quickly, we woutkpect the American put values to revert to its
predicted values. Then, the non-CDS driven variatigncan be used to predict future movements in the
American puts: Positive values ef; predict negatively on future American puts and negativeieslof

predict future increases in the American put value (aftgustchent for time decay).

On the other hand, iti; also contains common option market movements that reveditatisk infor-
mation currently absent from the CDS market, we would expech information to be reflected in the CDS
qguotes eventually. In this case, non-CDS driven variatioth® American putsi; can predict future move-

ments in the CDS market: Positive valuesigfpredict positively on CDS movements and vice versa.

One way to test the two scenarios is through the followingrezorrection regressions (Engle and Granger
(1987)),
AUS 5 = 0°+BoUr +an, AUSp =0+ BU+a i (37)

where we use the contemporaneous regression resicudlddm equation (35) to predict future movements

in the American putsjUZ, ) and the CDS spreaddl{, »). In the presence of short-term movements in
American puts, we would expect a negative sl@8eon the first predictive regression. In the presence of
additional credit risk information in the options market® would expect a positive slof#* on the second

predictive regression.

We estimate the predictive regressions in equation (3ngugeneralized methods of moments over hori-
zons of one day, seven days, and 30 days. Table 5 presengithateon results. The predictive regressions on
American puts (left hand side) generate negative and msiggihjficant slope estimates at all three forecasting

horizons. The R-squares average at 3%, 6.9%, and 16.2% Bt thie and 30-day horizon, respectively. The
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results suggest that the American put’'s contemporaneguesson deviation from the CDS market contains
a significant transient component that dissipates quickliernatively speaking, the credit risk information

flows from the CDS market to the stock options market.

On the other hand, the predictive regressions on the CDSanharvements (right hand side) generate
less significant results, suggesting that the reversenrdtion flow about the credit risk information is not
as strong. The credit risk information is mainly discoveredhe CDS market. Nevertheless, for some
companies such as AMR, GM, and KBH, the slope estimates oprétictive regressions become significant
positive, suggesting that for these stocks, the creditinfkmation also flow from the American put market

to the CDS market.

5. Concluding remarks

The literature on strategic default often predicts thatragany goes to default strategically well before its
firm value falls below its debt. Under these predictions,stoek price stays above a strictly positive barrier
prior to default. On the other hand, firm and equity valuesrofixperience sudden drops upon default due to
deadweight losses such as legal fees and liquidation dodfsis paper, we develop a class of models for the
stock price that are consistent with these observatiorisr #®rdefault, stock prices are bounded below by a
positive constanB. After default, the stock prices drops and stays below aratbnstaniA < B. We refer
to the regionA, B| as the default corridor, within which the stock price canaereeside. We show that when
the default corridor exists, a vertical spread of Americahgptions scaled by the difference in strikes has the
same payoff as a standardized credit claim paying one datlidefault if this event occurs before the options
expire, and paying zero otherwise. We label this standeddzedit insurance contract as the unit recovery
claim. The replication of this contract is simple and is rstttio the details of the stock price dynamics before
and after default. Since the two positions pay off the sameuartnat the same random time, the replication is

also robust to the dynamics of interest rates and defaiNbarates.

We use the value of the American put spread to infer the vdldleeounit recovery claims and compare
it to the value estimated from the credit default swap (CD@yket. Collecting data from both markets
on eight reference names, we show that the unit recovergnaolalues estimated from the two markets are
similar in magnitude, and show strongly positive co-movetae We also find that the contemporaneous

regression deviations between the two series help pradiatef movements in both markets, especially that
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of the American puts.

Our identified linkage provides fertile ground for futuresearch. On the theoretical side, research effort
should be directed towards specifying the trading strategy should be enacted when arbitrage arises. In
particular, there is an issue of how to deal with an unexedcghort put in the event of default, particularly
when the cost of buying this put is above its exercise valueseRrch effort should also be directed towards
further relaxation of the assumptions. In particular, tfieat of random bond recovery rates and (discrete)
dividends needs to be addressed. On the empirical side, madhis needed in investigating how the put

strikes should be chosen and how to deal with maturity mishest between the two markets.
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Appendix A. Conditional transitional probability density function
Under the toy DDD model, conditional on no default up to timee can rewrite the dynamics in equation (9) as,
S =R(0)e" +[B—R(0)]e"™M + (5-B)e"™MG, telo,T] (A1)

Solving forG;, we have

S- — {R(0)€" + [B—R(0)]eM}

Gt = (So— B)elr A (A2)
Evaluating at =T leads to
G ST {A+[B—R(0)]eMT1 A3
T= (S9— B)e(r+)\)T ) (A3)
Taking the ratio of (A3) to (A2) implies
Gr (Sr, _A)ef(r‘{*}\)(-r*t) _ [B— R(o)]e(r+)\)t
= = =h(Sr_,S.). Ad
G 8 —{ROFLB_ROjer Ny oS (A4)
Since @ = Wr-W)-30%(T-1) the ratio is lognormally distributed:
1,2
GT 1 7|nh+2c (T-t)
Q{— € dh} =——— e 200 dh=/(h)dh (A5)
Gt \/2mo2(T —t)h

Let B(t) = R(0)€" + [B— R(0)]e" M. ForK > B(T) andS > B(t), the transition probability density conditional on

surviving toT is

Q{SredK|S=SNr =0} = Q{%Edh(K,S)}athK*S>dK

e (FFN(T-1)

= (h(K.9) S—{R(0)& +[B—R(0)Je Mt} dK (AB)
— 1 exp | M(K.9)+30%(T—1) 1
V(T PI= 20%(T-1) K—R—[B—R(0)]e*NT
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Table 1
List of companies used in our study
Entries list the equity ticker, cusip, and the name of the ganies that are used in our study.

Equity Ticker Cusip Number Company Name

AMR 00176510 AMR Corp

CTB 21683110 Cooper Tire & Ribber

DDS 25406710 Dillard’s Inc.

EK 27746110 Eastman Kodak Co

F 34537086 Ford Motor Co

GM 37044210 General Motors Corp

GT 38255010 Goodyear Tire & Rubber Co
KBH 48666K10 KB Home

Table 2

Summary statistics of unit recovery claims

Entries report the mean, standard deviation (Std), minir(Mim), maximum (Max), and daily autocorrelation
(Auto) of unit recovery claim values extracted for the Anaan put options\{°) and from CDS marketd)°).

The last column reports the cross-correlatiph @f the two corresponding time series. The last row reports
the average of the statistics across the eight companies.

Ticker uc ue p
Mean Std Min Max  Auto Mean Std Min Max  Auto

AMR 0.265 0.167 0.052 0.573 0.995 0.116 0.073 0.020 0.300820.9 0.933

CTB 0.052 0.042 0.005 0.218 0.993 0.087 0.039 0.020 0.205640.9 0.369
DDS 0.032 0.018 0.009 0.078 0.990 0.063 0.026 0.022 0.130810.9 0.709
EK 0.037 0.019 0.011 0.083 0.989 0.043 0.019 0.013 0.090 90.96 0.869
F 0.136 0.066 0.035 0.275 0.989 0.103 0.044 0.020 0.235 0.9670.806
GM 0.165 0.106 0.049 0.408 0.994 0.085 0.060 0.030 0.270 80.96 0.941
GT 0.073 0.034 0.011 0.148 0.986 0.075 0.034 0.013 0.175 00.97 0.869

KBH 0.026 0.010 0.008 0.047 0.984 0.048 0.038 0.010 0.160830.9 0.774
Average 0.098 0.058 0.023 0.229 0.990 0.077 0.042 0.019 0.196 0.973 .7840
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Table 3
Explaining equity American puts with CDS market variation
Entries on the left hand side report the coefficient estimatalt-statistics (in parentheses) of the following
equation,
Ul =a+bUf+ uy,

where we regress the scaled American put valife= R (K)/K on the unit recovery claim value estimated
from the corresponding CDS spreads. The relations are &slithwith generalized methods of moments with
the weighting matrix built according to Newey and West (19&ith 60 lags. Thd-statistics are computed
against the null hypothesis af= 0 andb = 1, respectively. Entries on the right hand side report the R-
squared of the regressioR?), and the daily autocorrelation (Auto), minimum (Min), an@iximum (Max)

of the regression residual;. The last row reports the average of the statistics acressitfint companies.

Ticker a b R Auto Min Max

AMR 0.008 (1.42) 0.406 (-17.32) 0.870 0.894 -0.071 0.083
cTB 0069  (453) 0343  (-4.47) 0.136 0961 -0.060  0.082
DDS 0.029  (355)  1.049 (0.24) 0502 0970 -0.043  0.038
EK 0012  (377) 0.847 (-2.44) 0755  0.894  -0.036  0.027
F 0.030 (2.44) 0.531 (-6.71) 0.650 0.931 -0.053 0.084
GM -0.004 (-0.64) 0.539 (-10.44) 0.885 0.774 -0.050 0.093
GT 0.010 (1.88) 0.890 (-1.09) 0.756 0.925 -0.041 0.067
KBH -0.025 (-2.03) 2.858 (2.85) 0.599 0.966 -0.090 0.063
Average 0016  (1.87) 0933  (-4.92) 0.644 0914  -0.055  0.067
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Table 4
Explain non-CDS driven variation in American puts
Entries report the estimates andtatistics (in parentheses) of the following regression,

AUy = a+bAX + &,

for each company, where; denotes the residual by regressigonU and thus captures the value variations
of American put that cannot be explained by the corresp@n@BS contract. The explanatory variabbes
include the stock pric&, one-year realized volatilityR\{, and at-the-money implied volatilityAT M\{),
respectively. We perform the regression on daily changewjgeneralized methods of moments with the
weighting matrix built according to Newey and West (1987)ha30 lags.

Ticker a b R
X =8
AMR 0.000 (0.33) -0.003 (-4.07) 0.026
CTB -0.000 (-0.44) -0.008 (-4.45) 0.080
DDS 0.000 (0.66) -0.004 (-6.29) 0.325
EK -0.000 (-0.25) -0.003 (-6.01) 0.100
F -0.000 (-0.22) -0.008 (-2.97) 0.024
GM -0.000 (-0.14) -0.003 (-2.44) 0.030
GT 0.000 (0.88) -0.003 (-2.88) 0.038
KBH -0.000 (-0.14) -0.000 (-0.69) 0.002
X = RV
AMR 0.000 (0.13) 0.181 (0.57) 0.001
CTB -0.000 (-0.71) 0.129 (0.68) 0.002
DDS -0.000 (-0.16) -0.249 (-4.08) 0.047
EK 0.000 (0.17) 0.105 (0.91) 0.004
F 0.000 (0.30) -0.139 (-0.87) 0.001
GM 0.000 (0.04) 0.058 (0.37) 0.000
GT 0.000 (0.15) -0.049 (-0.64) 0.001
KBH -0.000 (-0.09) -0.015 (-0.11) 0.000
X = AT MV

AMR 0.000 (0.45) 0.213 (3.23) 0.037
CTB -0.000 (-0.77) 0.362 (2.81) 0.137
DDS 0.000 (0.84) 0.384 (4.61) 0.188
EK 0.000 (0.33) 0.227 (3.70) 0.083
F -0.000 (-0.05) 0.222 (3.53) 0.067
GM -0.000 (-0.13) 0.241 (2.78) 0.066
GT 0.000 (0.78) 0.409 (5.25) 0.203
KBH -0.000 (-0.05) 0.262 (2.09) 0.027
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Table 5
Predicting future movements on unit recovery claims basectass-market deviations in unit recovery claim
values
Entries report the estimates, Newey-Westatistics (in parentheses), and R-squaRg3 ffom the following
regressions that predict future movements in AmericangndsCDS spreads based on their current regression
deviations ),

AUS p =00+ BOUr+ €, AU o = 0+ BOU + €,

where forecasting horizondf) are at one, seven, and 30 days.

Ticker AUPE 5 = 0+ BOur + € 5 AUE 5 = a®+ Bour + €,
GO (0] GC C RZ
At =1 day
AMR -0.001 (-1.21) -0.070 (-2.77) 0.033 -0.001 (-2.20) (@03 (1.94) 0.012
CTB 0.000 (0.47) -0.015 (-1.44) 0.005 -0.000 (-0.35) -0.00@-0.42) 0.001
DDS -0.000 (-1.36) -0.021 (-2.64) 0.012 -0.000 (-1.25) a0 (-0.38) 0.000
EK -0.000 (-0.04) -0.093 (-4.30) 0.052 -0.000 (-0.82) 0.0142.13) 0.005
F -0.000 (-0.11) -0.079 (-2.90) 0.050 -0.000 (-0.68) -0.028-2.72) 0.015
GM -0.000 (-0.42) -0.127 (-3.47) 0.054 -0.000 (-0.46) 0.0511.70) 0.019
GT -0.000 (-0.81) -0.065 (-3.65) 0.033 -0.000 (-1.41) 0.0030.22) 0.000
KBH -0.000 (-0.78) -0.007 (-1.22) 0.002 -0.000 (-0.43) (@O0 (2.06) 0.013
Average -0.000 (-0.53) -0.060 (-2.80) 0.030 -0.000 (-0.95) 0.010 .5¢79 0.008
At =7 days
AMR -0.003 (-1.68) -0.174 (-2.48) 0.078 -0.006 (-2.38) (@16 (1.70) 0.036
CTB 0.001 (0.48) -0.056 (-1.19) 0.015 -0.000 (-0.32) -0.004-0.08) 0.000
DDS -0.001 (-1.66) -0.087 (-2.54) 0.051 -0.001 (-1.46) 130 (-0.52) 0.003
EK 0.000 (0.15) -0.296 (-5.90) 0.170 -0.001 (-0.85) 0.021 .50 0.001
F 0.000 (0.15) -0.204 (-2.64) 0.113 -0.001 (-0.65) -0.1442.%2) 0.039
GM -0.000 (-0.11) -0.171 (-2.74) 0.043 -0.001 (-0.45) 0.2131.62) 0.035
GT -0.001 (-0.93) -0.188 (-2.48) 0.079 -0.002 (-1.45) -6.01(-0.19) 0.001
KBH -0.000 (-0.54) -0.002 (-0.07) 0.000 -0.000 (-0.52) (@O05 (2.76) 0.075
Average -0.001 (-0.52) -0.147 (-2.51) 0.069 -0.002 (-1.01) 0.035 .40 0.024
At = 30 days

AMR -0.010 (-2.10) -0.594 (-3.69) 0.240 -0.029 (-3.28) 4B3 (-1.30) 0.031
CTB 0.002 (0.44) -0.143 (-1.06) 0.028 -0.002 (-0.41) -0.010-0.09) 0.000
DDS -0.004 (-2.20) -0.288 (-3.13) 0.161 -0.002 (-1.37) 0.0 (-0.84) 0.017
EK -0.000 (-0.18) -0.963 (-9.42) 0.415 -0.002 (-1.01) -@.17(-1.26) 0.020
F -0.000 (-0.00) -0.583 (-3.34) 0.234 -0.005 (-0.71) -0.48{7-2.62) 0.095
GM -0.001 (-0.127) -0.241 (-1.08) 0.023 -0.006 (-0.52) 0.7241.73) 0.064
GT -0.005 (-1.36) -0.598 (-2.29) 0.186 -0.007 (-1.86) -313(-0.65) 0.011
KBH -0.002 (-1.10) 0.046 (0.55) 0.008 -0.001 (-0.38) 0.1753.47) 0.171
Average -0.003 (-0.83) -0.421 (-2.93) 0.162 -0.007 (-1.19) -0.038-0.{6) 0.051
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Fig. 1. Time series of unit recovery claims and bid-ask bsungim American puts.
The solid lines are the time series of the unit recovery \&kanstructed from the American puts and ex-
plained by the CDS market variation. The two dashed linegtarebid-ask bounds on the American puts.
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