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Abstract

How does the market value “toxic” structured-credit securities? We study the
valuation of what is possibly the most toxic of all toxic assets: the equity tranche
of a CDO. In theory, CDO equity should be similar in nature to bank stock since
both represent residual claims on a portfolio of loans. We find that CDO equity
returns are much more related to stock returns than to fixed income returns. CDO
equity returns track the returns of financial stocks much more closely than any other
industry. Nearly two-thirds of the variation in CDO returns can be explained by

fundamentals.



I. Introduction

Prior to the current financial crisis, much of the innovation in financial markets was di-
rected to the creation of structured investment vehicles that allowed investors to take
highly leveraged positions in portfolios of assets.! The securitized-credit market, in par-
ticular, has received a significant amount of attention for its prominent role in the inter-
national financial crisis. Given the huge losses that investors have suffered in the complex
and opaque securitized-credit market, it is not surprising that these types of investments
have frequently been termed “toxic” assets.

One of the most controversial aspects of the securitized-credit market is the issue of
how these structured types of securities are valued in the financial markets. On one hand,
many argue that the complexity and lack of transparency of these instruments allowed
them to be issued as highly-rated investment-grade securities at premium valuations.?
On the other hand, a key premise behind many of the recent troubled-asset programs
implemented by the Treasury and the Federal Reserve was that these investments were
discounted in the market at illiquid fire-sale prices far below their intrinsic worth.> Thus,
securitized-credit investments are viewed as having alternated between being overvalued

and undervalued by the financial markets.

'Examples include collateralized debt obligations (CDOs), collateralized loan obligations (CLOs),
structured investment vehicles (SIVs), and conduits that synthesize highly-rated debt instruments from
portfolios of high-yield bonds or subprime loans, collateralized fund obligations (CFOs) that create
leveraged hedge-fund-like structures, and total rate of return swaps (TRORS) that parallel the ownership
of stock without the use of the balance sheet.

2From an October 31, 2008 speech by Federal Reserve Board Chairman Ben S. Bernanke, “As sub-
sequent events demonstrated, however, the boom in subprime mortgage lending was only a part of a
much broader credit boom characterized by an underpricing of risk, excessive leverage, and the creation
of complex and opaque financial instruments that proved fragile under stress.”

3From a September 19, 2008 speech by Treasury Secretary Henry M. Paulson, Jr., “These troubled
loans are now parked, or frozen, on the balance sheets of banks and other financial institutions, preventing
them from financing productive loans. The inability to determine their worth has fostered uncertainty

about mortgage assets, and even about the financial condition of the institutions that own them.”



In an effort to shed light on the important issue of how the market values these types
of assets, this paper studies the valuation of what is probably the most toxic of all toxic
assets: the equity tranche of a collateralized debt obligation (CDO), or CDO equity. The
“toxicity” of this asset arises because CDO equity represents the residual claim position
in a leveraged CDO capital structure. The expected loss on CDO equity is often so large
that CDO equity trades at prices of one or two for a notional amount of 100. In this
analysis, we make use of an extensive proprietary data set made available to us by a
major fixed-income asset management firm. The data consists of daily traded tranche
prices on both the CDX investment grade and high yield indexes.

We begin by describing the characteristics of CDO equity. In theory, CDO equity
should have similarities with bank stock since both are residual claims to the cash flows
of a portfolio of loans. A direct implication of this is that investors in financial markets
may price CDO equity in a way that mirrors the pricing of bank stock. On the other hand,
there are important differences between CDO equity and bank stock. For example, CDOs
are generally based on static portfolios. In contrast, banks manage their credit portfolios
dynamically. From this perspective, CDO equity is to bank stock what a passive index
fund is to an actively managed fund. Clearly, however, the issue of whether CDO equity
and bank stock are priced similarly in the market is an empirical one.

To address this issue, we first compare the properties of CDO equity returns with
those of other major asset classes such as stocks, Treasury bonds, corporate bonds, and
mortgage backed securities. We find that CDO equity returns are much more closely
related to stock returns in terms of their means, excess returns, standard deviations, and
market betas than to any of the fixed income returns. For example, CDO equity betas
closely parallel the stock return betas of firms with similar leverage ratios.

We next examine the relation between CDO equity returns and stock returns by
industry. Specifically, we regress CDO equity returns on the returns of Fama-French

industry portfolios. Our objective in estimating these regressions is to identify which



industry returns are the most related to CDO equity returns. As expected, the returns
for the financial industry are significantly related to CDO equity returns in all cases.
Furthermore, the banking industry is by far the most dominant of all the industries in
terms of its explanatory power for CDO equity returns. Thus, not only does CDO equity
behave like stock, it behaves most like stock in the financial industry. These results
provide empirical support for the view that the market values CDO equity and bank
stock consistently.

Using individual stock returns for several hundred banks, we conduct a cross sectional
analysis to identify the characteristics of the banks which have the highest correlation
with CDO equity returns. We find that there is a strong positive relation between bank
size and its correlation with CDO equity. This relation holds true not only among the
30 largest banks (many of which were major CDO issuers), but also among the smallest
banks in the sample. Furthermore, after controlling for size, we find significant relations
to the fraction of commercial loans to total assets. These results are also consistent with
the interpretation of CDO equity as stock in banks with portfolios of commercial loans
similar to those in the CDX index.

Finally, following (Collin-Dufresne, Goldstein, and Martin (2001), we examine how
much of the variation in CDO equity returns can be explained on the basis of fundamental
CDO valuation models such as (Duffie and Garleanu (2001), Longstaff and Rajan (2008),
and others. We find that 45 to 64 percent of the returns to CDO equity are linked to
variables driving the distribution of losses on an underlying investment grade credit
portfolio. These variables also have significant explanatory power for CDOs which are
based on portfolios of high yield bonds, although the fraction of the variation explained
is not as high. Additionally, we find that the fundamentals that explain investment grade
CDO equity also explain the returns to bank stock.

These results have a number of important implications. First, the results provide new

perspectives on the relationship between CDO equity and the stock of traditional financial



institutions. The term “shadow-banking system” has been used to describe some of the
complex, highly levered, and largely unregulated securities created by Wall Street.* We
show that the term “shadow bank” is a particularly apt description of CDO equity, both
conceptually as well as empirically. Also, finding that much of the variation in CDO
equity returns can be explained by credit valuation models indicates that the market
values even the most toxic of assets rationally in terms of their economic fundamentals.

This paper contributes to the rapidly growing literature on securitized credit. Re-
cent papers in this area include Duffie Garleanu (2001), Hull and White (2004), Giesecke
(2004), DeMarzo (2005)), Berd, Engle, and Voronov (2007), Longstaff and Rajan (2008),
and Bhansali, Gingrich, and Longstaff (2008) who present models for valuing CDO
tranches. Brennan, Hein, and Poon (2009), Morkétter, and Westerfield (2009), and
Benmelech and Dlugosz (2009) consider the relation between credit ratings and the CDO
market.” Franke and Krahnen (2007), Krahnen and Wilde (2006), and Longstaff (2010)
consider the effects of risk transfer between securitized-credit markets and other financial
institutions and markets.

In an important recent paper, Schleifer and Vishny (1992) study the pricing of the
ABX.HE indexes, which are based on credit default swaps (CDS) on baskets of mortgage-
backed securities. In this paper we focus instead on the equity tranche of a CDO structure
based on a basket of CDS contracts on corporate debt. Thus our results compliment those
of Stanton and Wallace. In another recent paper, Coval, Jurek, and Stafford (2009a)
model the prices of senior CDO tranches. This paper complements Coval, Jurek, and

Stafford (2009a) by focusing on the opposite end of the capital structure, the equity

4This term is attributed to Paul McCulley of PIMCO who, in 2007, defined it as “the whole alphabet
soup of levered up, non-bank investment conduits, vehicles, and structures.” See www.pimco.com.

5This paper also extends the literature on the valuation of distressed assets. Important papers on
distressed asset valuation include Schleifer and Vishny (1992), Asquith, Gertner, and Scharfstein (1994),
Opler and Titman (1994), Clark and Ofek (1994), John and Ofek (1995), Andrade and Kaplan (1998),
Pulvino (1998), Kahl (2002), Longstaff (2004), Vayanos (2004), Acharya and Pedersen (2005), Carlin,
Lobo, and Vishwanathan (2007), and Brunnermeier and Pedersen (2009).



tranche of the CDO.

The remainder of the paper is organized as follows. Section II provides an introduction
to CDO equity, discusses the conceptual relation between CDO equity and bank stock
and describes the data used in this study. Section III focuses on the relation between
CDO equity and stock market factors. Section IV examines whether CDO equity is
priced like bank stock in particular. Section V examines which banks are most similar to
CDO equity. Section VI examines the pricing of CDO equity in relation to fundamentals.

Section VII concludes.

II. CDO Equity

In this section we provide a brief introduction to CDO equity. One of the most important
types of securitized-credit structures in the financial markets has been the collateralized
debt or loan obligation. Until the subprime crisis of 2007, CDO issuance exceeded $100
billion per year. Assets that have been securitized by CDOs included investment-grade
bonds, high-yield bonds, emerging market debt, leveraged loans, middle-market loans,
trust preferred securities, credit card receivables, prime and subprime home equity mort-
gages, asset-backed securities, commercial mortgages, and even previously issued CDO
tranches.® While the securitization of certain asset portfolios have been reduced by
the financial crisis, some assets, such as mortgages, continue to be securitized in large
amounts.

To illustrate how CDO equity is structured, we consider a simple example based on
a diversified portfolio of corporate loans. Imagine that a CDO issuer has a portfolio of
100 loans on its balance sheet that it wishes to securitize. Each loan has a face amount
of $1 million, is worth par, and has a ten-year maturity. In addition, each loan is to a

different corporate borrower. The total value of the loan portfolio is $100 million. To sell

SFor more details about the structure of the CDO market, see Duffie Garleanu (2001),Rajan, McDer-
mott, and Roy (2007), and Coval, Jurek, and Stafford (2009b).



the portfolio, the CDO issuer could sell the entire portfolio to a single buyer as a whole,
or sell the portfolio in tranches as a CDO to multiple buyers.”

The CDO equity tranche represents the residual claim on the portfolio of loans and
is structured in the following way. First, the CDO issuer determines the total notional
amount of the tranche, say, ten percent of the total value of the portfolio ($10 million). By
definition, this tranche absorbs the first ten percent of any defaults on the entire portfolio.
Thus, this equity tranche is said to have a thickness of ten percent (and is analogous to
the percentage of equity capital in a bank). In exchange for being the residual claimant,
the equity tranche will receive a coupon rate of perhaps 500 basis points above Treasuries.
If there are no defaults, the buyer of the equity tranche earns a high coupon rate for ten
years and then receives back his $10 million notional investment. If, for example, four of
the firms default (and assuming that there is zero recovery in the event of default), the
equity tranche absorbs the $4 million loss to the portfolio and the notional amount of
the equity tranche is reduced to $6 million. Going forward, the equity tranche investor
receives the 500 basis point coupon spread as before, only now on the $6 million notional.
If six or more additional firms default, the equity tranche absorbs additional losses of $6
million, the notional amount of the equity tranche investors position is completely wiped
out, and the investor receives neither coupons nor principal going forward. Because a
10-percent loss in the portfolio translates into a 100-percent loss for the equity tranche
investor, the equity tranche investor is leveraged 10 to 1.

The CDO issuer would then continue to create more senior tranches, each designed
to absorb losses after the capital in the more junior tranches is extinguished. Taken
together, a set of tranches might include the 0-10 percent equity tranche, and 10-15,
15-25, 25-35, and 35-100 percent tranches.®

"This example parallels Longstaff and Rajan (2008). Also see the illustration of a subprime home-
equity asset-backed CDO structure in Longstaff (2010).
8n our example, the CDO is based on a portfolio of debt securities and is referred to as a cash CDO.

Credit markets have also introduced synthetic CDOs which are similar to a cash CDOs, but are based



A. CDO Equity and Bank Stock

By absorbing the first credit losses on the underlying portfolio, the equity tranche has
a key role in the CDO capital structure as the residual claim on the underlying credit
portfolio. Thus, despite being typically viewed as a fixed-income security, the designation
of this tranche as equity is actually a very apt description in the usual stock-market
sense. For example, the simple fact that CDO equity has the word equity in the title is
a reflection of the widespread belief in financial markets that CDO equity can be viewed
as “synthetic stock.” To see the intuition behind this, recall that many CDOs were
created by banks and other financial institutions spinning off their assets into structured
portfolios with capital structures closely paralleling those of the original institutions. For
example, Table 1 shows the balance sheet for a hypothetical bank with a portfolio of loans
on the asset side, and different layers of debt and equity on the liability side. Contrast
this balance sheet with that which would be created by spinning off these assets into a
CDO structure with tranches mimicking the capital structure of the bank. As can be
seen, the two balance sheets are essentially equivalent. From this perspective, it would
not be surprising for market participants to view CDO equity as being analogous to bank
equity. Thus, to the extent that stocks are driven by unique factors (such as sentiment,
liquidity, etc.) not shared by fixed-income markets, these factors could possibly show up
in CDO equity returns.

Of course, in reality, practitioners are well aware that this analogy can only be taken
so far. Actual banks are different from these CDO “shadow banks” in a number of
important ways. These include, but are not limited to, an actual bank having growth

options, a more diversified and actively managed portfolio of assets, and potentially more

on a basket of credit default swap (CDS) contracts rather than an actual portfolio of debt securities. If
there is a default on the underlying reference debt security, then the buyer of protection is able to put
the defaulted bond or loan to the protection seller and receive par. Thus, for the purposes of this paper,

the two types of CDOs are economically equivalent.



diversified operations (such as brokerage, investment banking services, and proprietary
trading activities). Additionally, deposits and other sources of funding for actual banks
are subject to “runs” or other liquidity shocks (such as those initiated by regulators)
whereas funding for CDOs is essentially “locked in.”? While we do not wish to minimize
these substantive differences, significant similarities between these two structures remain.

The percentage of equity capital in a commercial bank is analogous to the thickness of
the equity tranches in a CDO. For example, a CDO equity tranche with a thickness of 10
percent is analogous to a stylized bank with ten percent equity capital. It is important to
recognize that equity tranches with different thicknesses can be constructed by combining
the equity tranche with tranches that are more senior in the capital structure. For
example, an investor could construct a 0-15 percent equity tranche by buying both
the 0-10 percent equity tranche and the 10-15 percent junior mezzanine tranche. This
is because the investor would absorb the first 15 percent of credit losses (the first 10
percent via the equity tranche, and the next 5 percent via the junior mezzanine tranche).
Similarly, the investor could construct a 0-20 percent equity tranche by buying the 0—
10, 10-15, and 15-20 percent tranches, and so forth. Thus we can create CDO equity

tranches with varying degrees of leverage.

B. Data

In this study, we focus on CDO equity with cash flows tied to the most liquid U.S.
corporate credit derivative indexes, the CDX North American Investment Grade (CDX
IG) and High Yield (CDX HY) Indexes. These indexes are managed by Dow Jones and
are based on liquid baskets of CDS contracts for 125 U.S firms with investment-grade
debt for the CDX IG index, and for 100 U.S. firms with high-yield debt for the CDX
HY index. The CDX indexes themselves trade like a single-name CDS contract, with a

defined premium based on the equally-weighted basket of its constituents.

9We thank an anonymous referee for this observation.



Much of our analysis involves comparing CDX equity to bank stock. Ideally the
assets of the CDO would match the those of a representative commercial bank, and
would include loans to commercial businesses and households. The reference securities of
the CDX include loans to corporations only, and therefore does not perfectly reflect the
assets of an typical commercial bank. Other credit indexes may better capture different
components of a bank’s assets, such as the LCDX index (whose reference securities include
leveraged loan CDS contracts on syndicated secured first lien loans) and the ABX indexes
(whose reference securities consist of CDO tranches on portfolios of subprime residential
mortgages). While we do not have CDO tranche data for the LCDX and ABX indexes,
the correlation of weekly changes between the CDX indexes and the LCDX and ABX
indexes are between 0.65 and 0.85. We argue that the reference securities of the CDX are
sufficiently correlated with the assets of a typical commercial bank so as to not invalidate
the comparison.

The CDX indexes are reconstituted every six months. Consequently, a firm that
appears in CDX n — 1 may not appear in CDX n if the firm defaults, if its credit rating
drops below investment grade, or even if the liquidity of CDS contracts of that firm
declines. For the CDX IG and CDX HY family of indexes, the average turnover between
indexes is approximately 5.2 and 6.2 percent, respectively. Both the CDX IG and CDX
HY indexes are broadly diversified across most major industries. The primary difference
in the industry composition between the CDX IG and HY indexes is that the former
typically has a 20-percent weight in the finance industry (within the Fama-French 12—
industry groupings), while the latter has a 4-percent weight.

Index CDO tranches have also been issued, each tied to a specific CDX index. For the
CDX IG indexes, the attachment points of these CDO tranches are standardized at 3, 7,
10, 15, and 30 percent. For the CDX HY indexes, the attachment points of these CDO
tranches are standardized at 10, 15, 25, and 35 percent. The CDO data include daily

closing values for each of these tranches on the ten-year CDX IG index for the period

10



January 2, 2004 to February 20, 2009. As discussed earlier, the underlying basket of
firms in each index is revised every March and September. Thus, the data are for the 11
individual indexes denoted CDX 1G 7,7 =1,2,3,4,5,6,7,8,9,10, and 11. In addition, we
have daily closing values for the 0-10, 10-15, 15-25, and 25-35 percent tranches on the
five-year CDX HY index for the period from December 29, 2004 to February 20, 2009.
These data are for the CDX HY 4,7 =3,4,5,6,7,8,9,10, and 11 indexes. This data was
provided to us by courtesy of a large top-tier fixed-income asset management firm.

From these tranches, we can construct 0-3, 0-7, 0-10, 0-15, and 0-30 percent CDO
equity tranches for the CDX IG index, and 0-10, 0-15, 0-25, and 0-35 percent CDO
equity tranches for the CDX HY index. We will designate these tranches by 1Gs, 1Gy,
1Gqg, IG15, I1Gso, HY 19, HY 15, HY 95, and HY 35, where the subscript denotes the tranche
thickness, which is analogous to the percentage of equity capital of a stylized bank.

We will focus on weekly CDO equity returns throughout the analysis, where the
returns are based on Wednesday data (Tuesday when market data for Wednesday is
not available). Given the points-up-front price for the CDO equity tranches, computing
weekly returns is straightforward. Let p; be the points-up-front price of a CDO tranche
with thickness L. At time ¢, we construct a funded CDO equity position by buying a
riskless floating-rate note with coupon r; and notional amount 1, and receiving an up-
front payment of p; for bearing the first credit losses on the underlying credit portfolio.
Thus, the initial cost of the portfolio is (1 — p;). At time ¢+ 1, the portfolio is liquidated
at current market prices. Specifically, the cash generated by liquidation is the sum of
r¢/52 and (1 — p; + 1)(1 — x411/L), where the first term is the accrued interest on the
floating-rate note and the second term is the cash generated by liquidating the floating-
rate note and credit protection leg (taking into account the impact of any realized credit

losses w441 on the CDX index during the return period).'®

10There were a number of firms included in the on-the-run CDX IG and HY indexes that defaulted

during the sample period including Fannie Mae, Freddie Mac, Collins Aikman, Delphi, Calpine, Tribune,

11



Table 2 contains summary statistics for the weekly return data of our CDX equity
tranches. We also include the coefficient estimate from an AR(1) regression on the weekly
data where a negative coefficient could signal measurement error. For weekly returns,

none of the CDX equity tranches display a significant and negative coefficient estimate.!!

III. Is CDO Equity Like Stock?

As discussed in Section A, there are many economic similarities between CDO equity and
bank stock. A first step in studying how the market values CDO equity is to examine
whether or not CDO equity returns are similar to stock returns in general.

Table 2 contains summary statistics for the weekly returns for a number of asset
categories. Included are summary statistics for the weekly returns for each of the CDX
equity tranches and the S&P 500 and the CRSP value weighted market index. To facil-
itate a comparison between bank stock and CDO equity, we create three bank indexes
for commercial banks and savings institutions, 3-digit SIC codes 602 and 603, respec-
tively. The first consists of the largest 30 banks by total assets, and consists of large
Wall Street banks. This index includes banks like Citigroup, Bank of America, JPMor-
gan Chase, and Wells Fargo. The second bank index consists of the next 100 banks by
size representing large regional banks. These include City National Bank, TCF Bank,

and Citizens Bank. The third index includes the smallest 232 banks, consisting of small

and Smurfit Stone.

1'We also run AR(1) regressions on the daily CDX equity tranche returns, in which we find that only
one, the HY 15 equity tranche, has a significant negative coefficient. In addition, we also note the number
of daily observations for which there is no points-up-front price change from one day to the next. For
the CDX IG equity tranches, the percentage of daily observations for which there is no price change
ranges from 14.0 to 21.7 percent. By way of comparison, the percentage of daily observations for which
there is no price change in constant-maturity Treasury data for the same time period ranges between
8.0 (for five-year Treasuries) to 15.7 percent (for three-month Treasuries). For the CDX HY tranches,
the percentage of observations for which there is no price change is somewhat higher, ranging from 22.8

to 39.8 percent. None of the weekly price changes are equal to zero.
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regional banks and savings institutions, including Bank of the Ozarks, Farmers Capital
Bank, and Indiana Community Bank. In terms of the complexity of their assets, the
regional banks are likely to be more similar to the portfolios of CDO equity than the
assets of Wall Street banks. We also include several fixed income indexes, provided by
Barclays Capital. These include an intermediate Treasury index, an investment grade
corporate bond index, a high yield index, a finance industry bond index, and an index
based on mortgage-backed securities.

In terms of their first moments, the mean returns of all the CDX equity tranches and
equity indexes are all negative, while the mean returns to the fixed income indexes are
all positive. Thus, CDO equity is more like stock than fixed income securities in terms
of average returns. In terms of their volatilities, CDO equity appears to be much more
similar to stocks as opposed to the fixed income securities. In particular, CDO equity
volatilities are most similar to the volatilities of the bank indexes, which are as much as
twice that of the general equity indexes (the S&P 500 and CRSP VW indexes). Only
the IG3g tranche has a volatility that is less than the general equity market indexes.

Not surprisingly, the volatility of the CDX IG tranches is increasing with leverage.
The tranches whose volatilities are most similar to the bank indexes are those whose
equity capital is 10- and 15-percent (with volatilities of 6.20 and 3.70 percent, respec-
tively). This is similar to the equity capital range of the typical bank. By comparison,
the volatility of the bank indexes range between 2.46 percent for the small regional banks
and 4.52 percent for the Wall Street banks. So it appears the the volatility of the CDX
IG tranches is close to the volatility of similarly levered banks.

By way of comparison, the volatilities of the fixed income indexes are much smaller,
typically only about one tenth the volatility of the CDX equity tranches. Thus, at first
glance, the returns to CDO equity appears to be more similar to the stock indexes than
the fixed income indexes.

To further examine the relationship between CDO equity and stock market factors, we

13



regress weekly excess CDX equity returns within a single-factor model for equity returns

as well as a Fama-French three-factor model,!?

(].) Rt = + MKTt + €,

(2) R, = o+ BMKT, + B:5MB; + B3sHML; + ¢,

where R; is the excess weekly return to CDO equity, MKT, is the weekly Fama-French
excess market return, and SMB,; and HML; are thee weekly Fama-French size and value
factors, respectively.

Results of this analysis can be seen in Table 3. Panel A of presents the results of
the single-factor model and Panel B presents the results of the Fama-French three-factor
model. One question that has been studied in the mutual fund literature is whether ac-
tively managed mutual funds add value relative to their passively managed counterparts.
An analogous question could be raised here: do relatively passive “shadow banks”, which
do not have employee salaries to pay or similar levels of regulation with which to comply,
outperform their actively managed and heavily regulated counterparts on a risk-adjusted
basis? Panel A of Table 3 does not support the idea that they do; the alphas of all the
CDX equity and bank indexes are statistically insignificant. The alphas of the Fama-
French three-factor model in Panel B are negative and significant for two of the bank
indexes, however, while the alphas of the CDX equity tranches are not significant above
the ten-percent level (though they are negative). The result in Panel B provides weak ev-
idence that the passively managed “shadow banks” outperform their active counterparts
on a risk-adjusted basis.

Turning our attention to the estimated market betas, in Panel A we find that the

CDX IG equity tranches have market betas that are significant at a reasonable confidence

12Weekly equity returns are calculated similar to the weekly CDX equity returns, as discussed in

Section B.
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interval. The beta exposure increases almost monotonically with leverage within the CDX
IG equity tranches. For the least levered CDX IG tranche, 1Gsg, beta is 0.35 while the
beta exposure for the most highly levered tranche, IGs, is 1.82. By comparison, the beta
exposure for our bank indexes ranges from 0.77 for the small regional banks, to 1.37 for
the Wall Street banks. In terms of their leverage and the credit quality of their asset
portfolio, the I1G;g and IG5 tranches are most similar to banks, and their market betas
are 1.48 and 0.85, respectively. Thus, in terms of their beta exposure, CDX IG equity
is similar to that of similarly levered banks. The CDX HY market betas range between
1.02 and 1.69 and increase monotonically with leverage. However, only the two most
levered CDX HY equity tranches (HY;9 and HY;;) have market betas whose statistical
significance is above the ten-percent level.

By way of comparison, the Treasury, investment grade, finance industry, and mortgage-
backed securities indexes have economically insignificant market betas (all less than 0.012,
though the Treasury index is statistically significant at —0.055) and don’t appear to be-
have like stock at all in this regard. Consistent with the findings of previous work,
however, the high yield index has a statistically significant market beta of 0.25 and does
appear to be affected by stock market factors, though its equity beta is lower than CDX
equity tranches.

The results for market beta exposure is qualitatively similar when a Fama-French
three-factor model is used in Panel B. Taken together, the results for market betas in
Table 3 are consistent with CDX equity being priced similar to stock, and this is not
generally true for the fixed income securities.

We examine the effect of leverage on market betas (as measured by equity capital in
banks, or the equity tranche thickness in the case of CDX equity) in Figure 1. To do this,
we create three new bank indexes based on their equity capital. The first index includes
banks whose equity capital is between 0-7 percent, the second between 7-10 percent,

and the third between 10-15 percent (very few banks have equity capital greater than

15



15 percent). We then plot the resulting market betas vs. leverage for the bank stock
as well as the CDX indexes in Figure 1. Graph A shows the beta from a single-factor
model, while Graph B shows the resulting market betas from a Fama-French three-factor
model. While not exactly the same, the market betas for the bank stock and CDX IG
equity are very similar for given levels of leverage, consistent with the market viewing
them as economically similar structures and pricing them accordingly. The results are
not as similar between banks and CDX HY equity, although this is not surprising; the
reference portfolio of the CDX HY index consists entirely of high yield debt, and the
assets of most commercial banks do not contain similar levels of risk.

Adjusted R-squared values in Table 3 are similar for CDX IG tranches and bank
indexes within the single-factor model in Panel A (between 0.24 and 0.32 for the CDX
IG equity tranches, and 0.52 and 0.61 for the bank stocks). The adjusted R-squared
values of the fixed income indexes are very low, typically around zero (the exception
being the high-yield index at 0.26). As before, the results for the Fama-French three-
factor model in Panel B are qualitatively similar to those in Panel A. As with the results
for market beta, the results for adjusted R-squared indicate that CDX equity is explained
by equity market factors, and this stands in contrast to most of the fixed income assets

considered which do not appear to be related to equity market factors.

IV. Is CDO Equity like Bank Stock?

The results in the previous section are consistent with CDO equity being priced similarly
to stock. The next question is: what kind of stock? We wish to determine which industry
returns are most similar to CDO equity returns. To make this determination, we run a

regression of excess CDX equity returns on the excess Fama-French 12-industry returns,
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or

12

(3) Ri=a+)» BiRi+e,

i=1

where R; is the excess return for one of the CDX equity tranches, and R! is the excess
sector return for industry . Despite the economic similarities between CDO equity and
bank stock, it is not obvious ex ante that CDX equity returns are most similar to the
finance sector or bank stock. Recall that the reference portfolios consist of our CDX
indexes consist of corporate debt that is diversified across industry sector, so it would
not be entirely surprising if the returns to our CDX equity tranches were better explained
by an industry sector other than finance.

The results of the regression specified in Equation (3) are reported in Table 4. It can
be seen that, for every CDX equity tranche, the beta estimate on the finance industry
is positive and significant. With a few exceptions, none of the other industry betas are
statistically significant and, among those that are, the results are not consistent between
the various CDX equity tranches (for example, the beta for the telecommunications
industry is significant for the 1Gs returns, but not for any of the other CDX equity
tranches). Similarly, the pairwise correlations between the CDX equity returns and the
Fama-French 12-industry finance sector are higher than the correlations between CDX
equity returns and the other industry groupings.

In untabulated results, we repeat the analysis in Equation (3) with Fama-French
49-industry groupings. The 49-industry sectors further divides the finance sector into
four subsectors, including banks, insurance companies, real estate, and trading. We find
that, out of the 49 industries, the betas on the banking sector are consistently positive
and significant, whereas very few of the other sector betas are estimated with statistical
significance at a reasonable confidence interval (typically only one or two other sectors

are significant above the ten-percent level for each equity tranche). Similar to before,
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and consistent with the regression results, the pairwise correlations between CDX equity
returns and the banking sector are highest within the 49-industry classifications.

The results of Table 4 and our untabulated analysis are consistent not only with
CDX equity being priced similar to equity in general, but the finance sector and banks
in particular. Thus the market appears to value CDO equity similar to its stock market

equivalent.

V. What Kind of Banks are Similar to CDO Equity?

Having established that CDO equity is like bank stock, we turn our attention towards
determining what kind of banks are most similar to CDO equity. Not all banks are the
same and some are more similar to CDX equity than others. For example, the CDX index
consists of corporate debt and while some banks count a large portion of commercial loans
in their portfolio, others hold little or no commercial debt. Further, the funding of banks
is subject to liquidity shocks, such as “runs” on the bank by depositors, the availability
and cost of wholesale funding, or corrective action by regulators, such as the FDIC. These
types of liquidity shocks can cause the bank to fail if they cannot convert some of their
assets to cash. CDO equity, on the other hand, is not subject to these kinds of shocks,
having effectively “locked in” the funding source when they were created and sold. To
determine the characteristics of those banks which are most similar to CDO equity, we
calculate the correlation p;; between the weekly returns for each CDX equity tranche i

and each bank j over the entire sample period.'®> We then estimate the parameters of

13Correlations are calculated across the entire sample period, and calculations with less than 52 ob-
servations are thrown out. All bank characteristics are measured at the beginning of the sample period.
Accounting data for banks and bank holding companies are from regulatory filings from the Federal
Reserve Bank of Chicago and made available through WRDS. Accounting data was matched to returns
from CRSP using a join table from the Federal Reserve Bank of New York.
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the following model,

(4) Logit(pi;) = 70+ 7In(Asset Size); + 72Commercial Loans;

+73Core Funding; + y4Equity Capital; + ¢;.

The bounded support for the correlation p;; raises a potential concern within a linear
regression, so we transform p;; using a logit transformation which maps p;; to the whole
real line.!* The independent variables include In(Asset Size) I the log of the total assets,
Commercial Loans;, the ratio of commercial loans to total assets, Core Funding;, the
core funding ratio, and Equity Capital;, the ratio equity capital for each bank i. Among
other things, asset size may capture some of the likelihood that the bank is holding
derivatives similar to CDO equity (the larger the bank, the more likely this is the case).
We therefore expect the coefficient on asset size to be positive. Commercial loans is a
proxy for the level of similarity between the assets of a particular bank and CDX equity;
the CDX indexes consist entirely of corporate debt and so the higher the percentage of
assets consisting of commercial loans for a given bank, the greater the economic similarity
between that bank’s stock and CDX equity. We therefore expect the coefficient estimate
on commercial loans to be positive. Core funding is a proxy for the stability of a banks
funding, and the higher the level of financing stability, the more economically similar
the bank is to a CDO structure. We therefore expect the coefficient estimate on core
funding to be positive. Finally, the more similar the level of equity capital of a bank is
to the thickness of CDX equity tranche j, the higher we expect the correlation to be.
All variables are measured at the beginning of the sample period and are from the bank
regulatory filings from the Federal Reserve Bank of Chicago and made available through

WRDS. Accounting data was matched to returns in CRSP using a join table from the

4We define Logit(p;;) = In[(1 + p;;)/(2 — (1 + ps;))]. Results are very similar if we use p;; as the

independent variable in Equation (4).
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Federal Reserve Bank of New York.

Results from estimating Equation (4) are contained in Table 5. We estimate the
model for banks within each of our banking indexes. Panel A reports the results for
large Wall Street banks (the top 30 banks in our sample). As expected, the coefficient
estimates on bank size and ratio of commercial loans is positive and significant for each
of the CDX equity tranches. Coefficient estimates on equity capital are significant only
for the CDX IG tranches. The coefficient estimates on core funding are not significant,
either statistically or economically, for any of the CDX tranches. Adjusted R-squared
values are also fairly high, ranging from 0.32 to 0.42.

Panel B reports results for the large regional banks (the next largest 100 banks in our
sample). Within this sample, none of the coefficient estimates are significant, and the
adjusted R-squared values are all very low (typically around zero). Note that this does
not mean that CDX equity returns are uncorrelated with the large regional banks; rather,
our model does not capture any factors that seem to explain this correlation in the cross
section. Unconditionally, the average correlation between the banks and CDX equity
tranches does not differ much between the banks within each bank index. For example,
the average pairwise correlation between Wall Street banks and the CDX IG tranches
is 0.27. The average pairwise correlations between large and small regional banks and
the CDX IG trances are 0.26 and 0.20, respectively. Finally, Panel C contains results
for the small regional banks (the final 232 banks in the sample). As with Panel A the
coefficient estimates on size are significant for most of the CDX equity tranches, whereas
the coefficient estimates on commercial loans is statistically significant only for the most
levered CDX IG tranche (although the coefficient estimates for the remaining tranches
are all positive and economically significant).

Taken together, bank assets seems to explain much of the correlation between CDX
equity and individual bank stock returns in the cross section. For the largest banks,

the percentage of commercial loans is also important. Core funding does not appear to
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explain the correlation between bank stock and CDX equity.

VI. Are CDO Equity Returns Driven by Fundamen-
tals?

Another angle from which we can study how the market values “toxic assets” such as
CDO equity is to examine whether their returns can be explained by fundamental fac-
tors implied by no-arbitrage CDO valuation models. In doing this, our approach closely
parallels that used by Collin-Dufresne, Goldstein, and Martin (2001) who regress credit
spread changes on changes in the variables that appear in various structural credit models.
They find that changes in these fundamental structural variables explain only a relatively
small portion of the variation in credit spread changes. Following Collin-Dufresne, Gold-
stein, and Martin, our approach will be to regress CDO equity returns on changes in key
variables suggested by fundamental CDO valuation models.

A number of recent papers have presented fundamental CDO valuation models in-
cluding Duffie+Garleanu (2001), Hull and White (2004), Longstaff and Rajan (2008)
Bhansali, Gingrich, and Longstaff(2008), and many others. A common thread through-
out this literature is the representation of losses on CDO tranches in terms of options
on the realized credit losses on the portfolio of bonds or loans underlying the CDO. For
example, Equation (16) of Longstaff and Rajan implies that the total fraction of losses
on a CDO equity tranche of thickness M € [0, 1] can be expressed as
S

(5) i [L; — max (0, Ly — M)],

where L, is the total fraction of portfolio credit losses at of date ¢. This expression
is the equivalent of a long position in L; and short call option on L, with strike price

M. Clearly, the present value of the expression in Equation (5) is determined by the
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distribution (under the risk-neutral or Q measure) of L,. Typically, the realized portfolio
credit losses Lt are expressed in terms of the realizations of a jump or Poisson process
with a possibly time-varying intensity A;. The intensity ), therefore, plays a central
role in determining the distribution of L,. For example, recall that both the mean and
variance of a Poisson process are proportional to the intensity. In turn, the intensity can
be mapped into the credit spread of the debt securities in the underlying portfolio.
Because of this standard credit modeling framework, these types of CDO valuation
models all imply that there are at least two key categories of factors driving CDO equity
values: the probability of default for assets within the underlying portfolio and the
correlation of default events. To capture these, we estimate the coefficients of a model of

CDX equity returns similar to Collin-Dufresne, Goldstein, and Martin (2001),

6) R o= 90+l +72(Ay™)? + 43ASlope, + 1 AVolatility,
+7v5AJump, + AEDF, + v ACorrel + 75 (EDF; x ACorrel;)

—’—79 (AEDFt X Correlt) + €¢-

As in Collin-Dufresne, Goldstein, and Martin, we include Aytl % the weekly change in the

ten-year Treasury rate, (Ayt1 OyT)Q, the weekly change in the Treasury rate squared, and
ASlope,, the weekly change in the slope of the yield curve (where the slope is defined as
the difference between the ten- and two-year Treasury yields). Similar to Collin-Dufresne,
Goldstein, and Martin, we also included are AVolatility,, defined as the weekly change in
the average implied volatility of stock options on the underlying CDX constituents, and
AJump,, the weekly change in the average slope of the volatility smirk of stock options
on the underlying CDX constituents in order to proxy for the risk of jump magnitudes
and probabilities (estimated as in Collin-Dufresne, Goldstein, and Martin).

Using the approach of Bharath and Shumway (2008), we create estimates of the

expected default frequency (EDF) for each of the constituents of the CDX IG and CDX
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HY indexes following an application of Merton (1974) and similar to a model developed
by the KMV corporation.'® Estimates of the expected default frequencies were updated
weekly using the most recent quarterly accounting data and weekly market capitalization
data from CRSP. We then calculate AEDF,, the weekly change of the average EDF values
for the CDX constituents.

We also estimate the change in average EDF correlations as follows.!¢ First, for each
day we estimate the EDF values for each constituent. We then construct a correlation
matrix of daily EDF changes for each week (or five-trading-day rolling period).!” Finally,
we calculate the average pairwise correlation each week. For the CDX IG index, we
have sufficient data to construct EDF estimates for approximately 101 firms each week.
Thus the average weekly pairwise correlation is based on (1012 — 101)/2 = 5,050 unique
observations. For the CDX HY index, we construct EDF estimates for approximately 79
firms each week, and so the average weekly pairwise correlation for this index is based on
3,081 unique observations. We then calculate ACorrel; as the weekly change in average
pairwise EDF correlations of CDX constituent firms.

We also include interaction terms EDF; x ACorrel;, defined as the average level of
constituent EDF measures multiplied by the change in EDF correlations, and AEDF; x
Correly, defined as the average change in EDF measures multiplied by the level of EDF
correlations. These latter two variables capture non-linear effects due to changes in the
average EDF conditional on a given level of EDF correlation, and vice versa.

Table 6 reports the results of our regressions. The dependent variables in Panel A
include the returns for the CDX IG equity tranches. For these we find that, similar to
Collin-Dufresne, Goldstein, and Martin (2001), the change and squared-change in the
ten-year Treasury yield is statistically significant at a reasonable confidence interval for

almost all of the tranches. In terms of the variables derived from the underlying portfolio

5The required data was available for about 80-percent of the constituents in each index.
16We thank an anonymous referee for this suggestion.

1"Results are similar if we use one-month or three-month rolling period.
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of assets of the CDX IG index, the average changes in implied volatilities, as well as the
interaction terms between EDF and EDF correlations are also statistically significant.
Overall, the adjusted R-squared values are between 0.45 and 0.64.

Panel B of Table 6 includes the results from regression where the dependent variables
consist of returns to the CDX HY equity tranches. As with the CDX IG tranches,
and similar to Collin-Dufresne, Goldstein, and Martin (2001), the change and squared-
change in the ten-year Treasury yield is statistically significant for most of the CDX HY
equity tranches. However, none of the variabels derived from the underlying portfolio of
CDX HY index are significant. The adjusted R-squared values are lower than those of the
CDX IG tranches, ranging from 0.20 to 0.28. Thus, it does not appear that fundamentals
explain as much of the CDX HY equity returns as they do those of CDX IG equity.

If banks are economically similar to CDX equity, we expect the underlying fundamen-
tals of the CDX indexes to also explain returns to bank stock. To test this possibility,
Panel B of Table 6 also includes regressions of fundamentals on the returns of our three
bank indexes. Of course, we do not have enough information of the banks asset portfolios
to properly construct some of the variables used in this regression. However, we expect
that estimates of volatility to our CDX constituents, their expected default frequencies,
etc., to be correlated with the loan portfolios of banks. Thus, we use the variables
derived from the CDX IG constituents as independent variables in regressions on our
bank indexes. We find that the fundamentals driving returns to our CDX IG equitiy
tranches also explain much of the returns to our bank indexes, and with similar adjusted
R-squared values, which range from 0.54 for the Wall Street bank index, to 0.36 for the
small regional banks.

Collin-Dufresne, Goldstein, and Martin (2001) also examine the factor structure of
the portion of credit spreads changes not explained by fundamental credit variables.
They find that the first principal component explains a large fraction of the variation

that is not captured by credit valuation models. As in their paper, we also conduct a
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principal components analysis of the portion of CDO equity returns not explained by the
regressions reported in Table 6 (which we designate the CDO equity return residuals). We
find that the cumulative percent of variation in CDO equity return residuals (for both the
CDX IG and CDX HY tranches) explained by the first three principal components is 66.5,
86.4, and 93.3 percent, respectively. Thus, our results parallel those of Collin-Dufresne,

Goldstein, and Martin.

VII. Conclusion

The issue of how the market values complex, opaque, credit-related securities has become
of fundamental importance in light of their macroeconomic impact in the current financial
crisis. This paper examines this issue from a novel perspective by studying how the
market values CDO equity tranches.

We find that CDO equity returns can be linked to equity market factors, and are
particularly related to bank stock. The intuition for considering equity market factors
is that CDOs are often viewed as synthetic versions of commercial banks since they are
often formed as banks spin off their assets into conduits and special investment vehicles.
Thus, CDO equity appears to take on some of the characteristics of the banking industry.
While there is an issue of causality in which some of this result may be driven by large
banks holding securities similar to CDO equity, we find that some of the correlation
between bank stock and CDO equity is explained by the ratio of commercial loans in
a bank’s portfolio of assets. Thus at least some of the correlation appears to owe to
economic similarities between of bank stock and CDO equity.

We also find that much of the variation in CDO equity tranches can be explained
by no-arbitrage CDO valuation models. In particular, changes in credit spreads and a
measure of default correlations account for 45 to 64 percent of the variation in CDX

IG equity returns. We find, however, that the returns for the CDO equity tranches on
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portfolios of high yield debt are the most difficult to explain in terms of credit valuation
models. We also find that the fundamentals that appear to drive CDO equity to a
portfolio of investment grade debt also explain returns to bank stock.

These results have many potential implications for the current debate about the
viability of banks and policy initiatives to recapitalize banks directly or through the
purchase of troubled assets. For example, if the market values these troubled assets in a
way that is consistent with the valuation of bank stock, then the economic costs of these
two initiatives may be comparable.

Finally, our analysis has focused primarily on CDO equity based on corporate credit
portfolios. An interesting issue for future research is how these results would extend
to CDO equity based on other types of underlying debt portfolios such as mortgage,

consumer, or asset-backed loans.
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Graph A: Market Beta vs Equity Capital Graph B: Fama-French Market Beta vs
Equity Capital
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Figure 1. Market Betas vs Equity Capital for CDX Equity and Banks. This
Figure plots the market betas of two different models vs. the equity capital for 3 bank
indexes as well as the IG and HY CDX equity tranches. Graph A plots the market betas
estimated from a single-factor model, while Graph B plots the market betas estimated

from a Fama-French three-factor model.
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Table 1: Balance Sheets for a Commercial Bank and a CDO

This table presents balance sheets for a stylized commercial bank and for a simple CDO structure created

by spinning off the assets of the bank and with a capital structure similar to that of the bank.

Commercial Bank CDO

Assets | Liabilities Assets | Liabilities
Loans | Deposits 30-100 Loans | Super Senior  30-100
Sr/Secured 20-30 Senior 20-30
Jr/Unsecured 15-20 Sr Mezzanine — 15-20
Preferred Stock  10-15 Jr Mezzanine 10-15
Common Stock 0-10 Equity 0-10
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Table 2: Summary Statistics for Weekly Returns

This table reports summary statistics for weekly returns of the CDX equity tranches, equity market
indexes, bank stock indexes, and fixed income indexes. The CDX IG equity tranches are denoted 1Gg,
IG7, 1Gyg, IGy5, and 1Ggg, where the subscript denotes the amount of equity capital in the tranche.
The CDX HY equity tranches are similarly denoted as HY 19, HY 15, HY 25, and HY35. We also include
summary statistics for the S&P 500 total return index and the CRSP VW market index. We include
three bank indexes: the first represents the largest 30 banks in our sample by asset size and consist of
large Wall Street banks. The second consists of the next largest 100 banks and consist of large regional
banks. The third bank index consists of the smallest 232 banks in our sample, and is made up of
small regional banks. Fixed income indexes are from Barclays and include Treasury, investment grade,
high yield, a finance industry, and mortgage-backed securities index. Summary statistics include the
mean, median, standard deviation, and observations representing the 5th and 95th percentile for each
variable (all variables are reported in percentages). Also included are the coefficient estimates from an
AR(1) regression for each of the time series used in this study (where the superscripts ** and * denote

significance at the five- and ten-percent levels, respectively).

Mean Median Std Dev 5%  95%  AR(1)
I1G3 —0.64 0.07 8.85 —15.40 10.48 -0.019
1G7 —0.68 —0.04 8.52 —14.36 10.26 0.016
IG1o —0.49 0.01 6.20 —9.56 6.28 0.027
IG5 —0.28 0.01 3.70 —5.03 3.64 0.027
IG3o —0.10 —0.01 1.59 —2.39 2.13 —0.030
HY10 —0.67 0.03 11.33  —-20.19 15.39 —0.050
HY 15 —0.74 0.20 9.77  —17.07 11.71 0.029
HY2s5 —1.28 0.10 12.38 —16.07 9.80 0.139
HY3s5 —1.08 0.08 10.35 —-9.14 6.90 0.124
S&P 500 —-0.11 0.11 2.28 —3.66 2.96 —0.010
CRSP VW market —0.05 0.24 2.40 —3.86 3.25  —0.009
Banks (national) -0.33 0.01 4.52 —8.37 5.03 —0.218*
Banks (large regional) —0.11 —0.02 3.44 —6.05 4.29 —0.186**
Banks (small regional) —0.18 —0.08 2.45 —3.93 3.39  —0.041
Barclay’s Treasury (intermediate) 0.09 0.06 0.47 —-0.71 0.90 —0.070
Barclay’s IG (intermediate) 0.05 0.07 0.62 —0.88 0.92 0.116
Barclay’s HY (intermediate) 0.01 0.17 1.17 —1.56 1.04 0.520%*
Barclay’s finance industry 0.02 0.05 0.81 —0.87 0.96 —0.002
Barclay’s MBS 0.11 0.11 0.51 —0.66 0.81 —0.218%*
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Table 3: Regression of the Excess Returns to CDX Equity, Bank Stocks, and
Fixed Income Indexes on Fama-French Equity Market Factors

This table reports the coefficient estimates and Newey-West t-statistics from regressions of the weekly
excess returns to CDX equity tranches, bank stock indexes, and fixed income indexes on equity market
factors. Dependent variables are listed by row, and independent variables listed by column. Panel
A reports coefficient estimates of a single-factor model, Panel B reports estimates of a Fama-French

three-factor model. The superscripts ** and * denote significance at the five- and ten-percent levels,

respectively.
Rt :Oé+MKTt+€t
Panel A: Single-Factor Model

o MKT Adj-R2

I1G3 —0.005 1.824%* 0.243
(—1.09) (6.69)

1G7 —0.005 1.984%* 0.312
(—1.24) (6.50)

1G1o —0.004 1.478%* 0.324
(—1.28) (6.43)

1G1s —0.002 0.854** 0.300
(—1.32) (5.98)

IG3o —0.001 0.353** 0.283
(—1.51) (5.80)

HY10 —0.004 1.693** 0.140
(—0.63) (3.63)

HY 15 —0.005 1.613** 0.177
(—0.90) (4.02)

HY2s5 —0.011 1.246 0.060
(—1.37) (1.54)

HY35 —0.010 1.020 0.062
(—1.50) (1.62)

Banks (Wall Street) —0.002 1.370%* 0.521
(—1.31) (11.12)

Banks (large regional) —0.000 1.120%* 0.610
(—0.37) (14.11)

Banks (small regional) —0.002 0.770%* 0.562
(—1.60) (15.64)

Barclays Treasury 0.000 —0.055%* 0.080
(1.19) (—3.36)

Barclays IG —0.000 0.012 0.000
(—0.23) (0.41)

Barclays HY —0.000 0.250** 0.260
(—0.37) (3.95)

Barclays finance industry —0.000 0.025 0.000
(—0.62) (0.60)

Barclays MBS 0.000 —0.000 0.000
(1.55) (—0.01)

Continued
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Table 3 continued

Rt =+ ﬂlMKTt + 5QSMB7§ + BSHMLt + €

Panel B: Fama-French Three-factor Model

«a MKT SMB HML Adj-R?

IG3 —0.005 1.703%* 0.376 0.414 0.247
(~1.13) (5.68) (0.79) (0.85)

1G7 —0.006 1.819%* 0.134 0.854* 0.324
(—1.31) (6.44) (0.29) (1.69)

IG1o —0.004 1.379%* 0.067 0.524 0.332
(—1.33) (6.28) (0.19) (1.42)

IG1s —0.003 0.791** 0.123 0.273 0.310
(—1.37) (5.50) (0.56) (1.25)

IGso —0.001 0.323** 0.065 0.122 0.291
(—1.57) (5.09) (0.64) (1.41)

HY10 —0.005 1.444%%* 0.088 1.316 0.156
(—0.67) (3.28) (0.12) (1.49)

HY 15 —0.005 1.364%* 0.078 1.321%* 0.193
(—0.95) (3.67) (0.12) (1.69)

HY25 —0.012 0.836 0.297 2.093%* 0.102
(—1.42) (1.08) (0.36) (2.08)

HY3s5 —0.010 0.693 —0.273 1.935 0.111
(—1.55) (1.27) (—0.33) (1.61)

Banks (Wall Street) —0.003** 1.118%* —0.404** 1.757%* 0.752
(—2.16) (10.88) (—2.61) (7.13)

Banks (large regional) —0.001 0.902%* 0.525%* 0.864** 0.713
(—0.76) (10.65) (4.06) (5.78)

Banks (small regional) —0.002%* 0.591%* 0.761%* 0.465%* 0.700
(—2.24) (11.77) (6.47) (4.86)

Barclays Treasury 0.000 —0.059%* 0.017 0.007 0.070
(1.17) (—3.27) (0.63) (0.19)

Barclays 1G —0.000 0.011 0.016 —0.009 0.000
(—0.23) (0.36) (0.32) (—0.18)

Barclays HY —0.000 0.222%* 0.106 0.087 0.270
(—0.44) (3.40) (1.59) (1.13)

Barclays finance industry —0.000 0.022 —0.000 0.014 0.011
(—0.64) (0.51) (—0.00) (0.21)

Barclays MBS 0.000 —0.005 0.033 0.000 0.002
(1.53) (—0.20) (0.61) (0.01)

34



0110 €80°0 €020 c91°0 T1€°0 LT€°0 cee0 02€0 T.2°0 249 paysnlpy

91¢ 91% 91¢ 91% 192 L9 L9 192 L9 suoryeATasqQ
(gg'1-) (er'1-) (gg0-) (gg'0—) (og'1—) (6£'1—) (ve'1—) (1g'1-) (60'1—)
L00°0— 800°0— £00°0— 100°0— 100°0— €00°0— $00°0— €00°0— S00°0— Juejsuoy)
(¥€0) (81°0—) (0og'0—) (0z'0—) (ve'0—-) (¥1ro—-) (61°0—) (81°0—-) (€0'0—)
780 €92°0— 897°0— T61°0— L90°0— TL0°0— 89T°0— 817°0— 2T0'0— REYiTo)
(66'T) (szcz) (¢L2) (¢6°2) (2z'€) (1v'2) (z82) (to'e) (T02)

£+198°0 ++10C°T ££200°T #+70T T £+E€2°0 #4600 £%229°0 #x1L6°0 #+812°0 eouRuL]
(te°0) (sv°0) (08°0) (zL0) (€2'1) (0z'T) (80°T) (26°0) (69°0—)
9€%°0 gego VLV0 LL¥0 9600 112°0 L6230 99¢°0 8€Z0— U3es ]
(191-) (€6'1—) (gL 1-) (09°1-) (67°0—) (¥97°0—) (9¢'0—) (69°0—) (920—)
YILT— #TELT— «68€ T— 18€'T— €60°0— LIT°0— 092°0— €6€°0— LL€°0— sdoyg
(66°0) (z8'0) (0g°0) (z0'0) (€90—) (8¢'0—) (Le0-) (89'0—) (12°0)
002'1 gz8°0 GeT0 020°0 050°0— 0T1°0— I8T°0— ¢620— 180°0 AN
(¥0'0—) (ve'0—) (z1°1) (L0'1) (g¥0) (g¥'0) (18°0) (68°0) (66°2)
€20°0— 90€°0— ¥2G0 €680 6£0°0 ¢80°0 092°0 6L€°0 +xlST'T SUOIYROTUNUIIOdD[A],
(zg0—) (o1'0—) (eg0—-) (€0'0—) (19°0) (L0°0) (61°0—) (tr°0-) (zz'1)
0Sg0— 080°0— LT1°0— L10°0— 8¥0°0 ¥10°0 €50°0— 0v0°0— €97°0 justudmby ssoursng
(87°0) (gg'0) (61°0) (L1°0) (zg0—) (e8°0—) (10'1—) 0 1-) (8270—)
0€5°0 GE6°0 0ST°0 8ET°0 ¥90°0— 6720— 91g0— 6EL°0— 8EV0— speoruIay)
(98'0—) (g9'0—) (1€°0) (g£0) (¥€°0) (ze0) (g£0) (ge0) (gg'0—)
89¢°0— 89€°0— SIT°0 €710 €200 7500 680°0 ¥Z10 8F10— AS1euy
(Lg°0) (67°0) (L9°0) (¥9°0) (se1) (L9°1) (L8'1) (6L°T) (LZ'1)
8870 ¢89°0 6950 909°0 11270 «F19°0 £8CT'T «C8T'T €76°0 Sunmjornuey
(€8°0) (L£0) (LL°0) (€9°0) (g9'1—) (67 1—) (€T'1—) (zo'1—) (18'1—)
29g0 8€Z°0 16€°0 9220 £9CT°0— 1L5°0— cLe0— STV 0— £889°0— o[qem(y
(¥60—) (09°0—) (€L0—) (L80—) (¢170) (zL0) (gL0) (8¢°0) (€00)
166'0— 6.9°0— 1€9°0— 198°0— L10°0 681°0 61€°0 8€€°0 L10°0 s[qeImn( UoN
€ AH SCAH STAH OTXH 0ED] STOT 0TH1 o1 €01

Aymbyg XAH XAD £ymbi DI XAD
=

by (o=
[4q

“AT0A1100ds01 ‘S[OAQ] Ju00I0d-U0) pUR -OAY O} 1B 90URIYIUSIS 910UIP , pur ., sidirosiodns oy J, ‘Mol Aq poIsy|
oI so[qeLIeA jJuopuadopul pue ‘Uwmnod Aq pojsi) ore so[qelres juepuado(] ‘¢ AIISNPUL 10§ 137 ‘S1030RJ AIPSNPUI-Z] [DUOLI-RUWIR OU} O} SUINOL SS90XO

uo 1y sotpueI) £3Mbo Y ([ 0} SWINJOI SS90X0 A[[00M 9T} JO SUOISSOISOI UIOIJ SOTISIIRIS-] JSOAN -KAOMON PUR SOJRUIISO JUSIIIFO0D 9} sy10dol o[qey SIy T,

sa030e] A1jsnpuy g Youaij-ewre uo Aymbri X (D 0} sSuIn}oy SS9OX JO UOISSaISY :F 9[qel,

35



penurjuo))

£€€0 €9€°0 ¥Se0 18€°0 G9¢°0 61€°0 02€0 L8€°0 1270 ZH pesnlpy
o€ 0g 0 0¢ 0 0 0g 0g 0g SUOIpRAIOSq O

(¥gz—) (82°2—) (67°2—) (egz—) (65 1—) #91-) (L9'1-) (9L 1-) (080—)

#4808 T— +4CVET— #4607 T— #4060~ T00'T— *EPTT— £01'T— £08T T— GTH 0— JuRISUOD)
(€00—) (00—) (11°1-) (g20-) (sv'z—) (¥0'z—) (11°2—) (¢gz—) (g8'z—)
3S0°0— 090°0— G67 1— 716°0— *xLGG€— x0TV €— *%LG8'€— %697 T — #+x100°G— reyden Aymbgy
(9g°0) (61°0) (€0°0) (¢00) (00°0) (zo0) (zo'0—) (¢0°0) (10'1—-)
9110 190°0 010°0 $10°0 100°0 900°0 L00°0— L10°0— 00€°0— Surpuny 2100
(sL2) (Le¢) (1z°2) (z1°2) (vee) (€6°2) (L9°2) (¢8°2) (26'7)

*xLT0°'T *x900°T *%698°0 *x9TL°0 *%198°0 *xVG8°0 *xLE80 *%8.8°0 *x766°0 SURO[ [RIDISWIWO,)
(16'2) (68°2) (0g°€) (zLe) (LL72) (9L2) (z672) (60°¢) (89°2)

*%xL80°0 *x880°0 *x060°0 +x080°0 *%x960°0 %6010 *x60T°0 *xVIT0 *%x990°0 Aonm ﬁ%wﬁfﬁ
S€AH 2T AH STAH 0TXH U3)| 9191 0To1 o1 €01

Aymbyg XH XAD Lymbyg DI XAD

ss[ueq 100138 [[eM\ 1V [PURJ

36

5 + “endeny Kymbyi+

‘Guipunyg o109 8L + fsueor repIOmmON L + F(oz1g jossy) UL + 0L = (Fd)31807

"AToA1300dsa1 ‘S[OAQ] JUedIod-U0) pUR -0A]j O} JB 9OURIYIUSIS
9joudp 4, puR ., sjduosiodns oy, “(syueq [eUOISDI [[RWIS) SYURQ gEg 1SO[[RWIS oY) 10 sjnsor sprodal ) [pued pue ‘(syueq [euoldar agre[) syueq 00T
18081 XU o1} I0] synsal spiodor g [ouRJ ‘(syueq 199135 [[eA\ 98Te]) ordures Imo ul syueq (g 1s98Ie] 91} UIIIM UOISSeI30I 91} 10] s)nsal sprodal y
[Pur -oSejusoiad Tejrded A3mbe s yueq oY) pUR ‘SUIPUN] 910D JO OIjel 9} ‘SURO[ [RIOISWIWIOD JO SUIISISU0D S1asse Jo a8ejuadtad oY} ‘sjasse [e10} Jo 30]
9} OPNIOUI SOIISLIdJORIRYD 99y, "porrod ojdures oy} Jo SuruuIdaq oY)} Je POINSBOUL SB SOT}SIIORIRYD JUR( SNOLIBA JO ISISUOD So[qeIIeA juapuadopul
oL ‘(6007 Areniqa ySnoIy) 007 Arenuer wolj) potiad o[dures aIrjue o1} IeAo [ ueq JO SUINJDI FD0Js A pur 2 aypuel) Lymbe XD 03 swmjel
o[} ueomjaq ‘*d uoryea1Iod o1y Jo uoryeMIOjSURI) Y1801 © ST yorym ‘(¢*d)3180r st o[qerrea juopusdop O, 'SI0}0R] SNOLIRA UO SUINIAI JD0IS NUeq puUe

setpueI) Aynbe Y (D ) Usam)aq SUINGOI A[oom JO UOTJR[OLIOD 9} JO SUOISSAIZI I0] SO1)SIPR)S-7 ISNCOI PUR SOJRUIIISO JUAIDNO0D 1) s110dol a[qey SIy T,

suaInjay 001§ yueg pue Ajnbyg XD U99MIaq UOIJR[2LIO)) 9} JO SISA[RUY [UOI}I3S SSOI)) :G 9[qe],



000°0 2000 050°0 L50°0 ¥91°0 191°0 g91°0 L9T°0 G61°0 Zd passnlpy

1€¢ 1€¢ 1€¢ €2 1€¢ 1€ 1€¢ €2 1€¢ suoryeATasqQ
(g8°0—) (99°0—) (Lgz—) (0Lz—) (8¢9-) (e7°9—) (¥99-) (8L9—) (zzL—)
€6€°0— 6L3°0— *x8€0'T— *x690°T— *xx V063G C— *xVGEC— *«xV0G'C— *x9€9°C— *x868°C— juae)suo;)
(9¢'0—) (60'1—) (L270-) (96'0—) (9¢'1) (ge'1) (Lg°1) (TL'1) (8¢2)
LT 0— 60S°0— STV 0— Tve0— 6670 ¥23°0 0990 G920 *xL¥8°0 reyides Aymbyy
(26°0) (s¥°0) (82°0) (Lg°0) (L9°0) (z6°0) (L6'0) (88°0) (65°0)
111°0 €500 680°0 7900 7L0°0 80T°0 STT°0 901°0 190°0 Surpuny 010
(16°0) (9z°0) (z¥'1) (se'1) (9z'1) (96°0) (96°0) (01'1) (18°1)
vET0 €900 £7€°0 82€°0 €10 TST 0 65270 892°0 «617°0 SUEO] [BIOISUWWO.)
(¥e'1) (9z2'1) (Lze) (&3] (L0°2) (oT2) (¥eL) (zeL) (FL2)
9%0°0 0700 ++860°0 £x00T°0 ++061°0 £4V61°0 £+702°0 £%902°0 £+C61°0 (oz1g 088y )up
SEXH STXH STAH 0TxH 0en] STOI 0191 o] €01

Lymby AH XAD ALymby DI XAD
syued [RUOISSY [[ewWS ) [ouUR]

2000 ¥00°0 100°0 000°0 2€0°0 ¢z0°0 610°0 910°0 €200 Zd passnlpy

00T 001 00T 00T 00T 00T 00T 00T 001 suoryeATasqQ
(6%°0) (o1°1) (6L°0) (96°0) (g8°0) (0z'1) (z1'1) F1°1) (0L0)
0v2°0 019°0 €57°0 z1g0 TLV0 €79°0 6z9°0 999°0 ¥Ze0 JuRISuUO)
(ge'0—) (0¢'0—) (0z'0) (g0'0—) (o¥'1) (ze'1) (gz'1) (L0T) (96°0)
062°0— eI 0— GL1'0 8€0°0— 7E'T coz'1 8¥T'1 coT'1 918°0 rendes Kymbgy
(L1°0) (¥z°0) (¥00—) (10°0) (98°0) (67°0) (zz'0) (61°0) (98°0—)
620°0 6£0°0 800°0— 100°0 671°0 L80°0 Zr0°0 8€0°0 ov10— Surpung 810)
(gr0—-) (¥ro-) (1€°0—) (0°0) (Lg0—) (1e°0—-) (0og'0—) (Le'0-) (0g'0—)
9€0°0— L€0°0— GL0°0— 1100 LTT0— €01°0— L0T'0— LET0— PST0— SUEO] [BIOISUWWO.)
(zz'0) (8¥7°0—) (80°0—) (0z'0—) (o1'0—) (ev'0-) (ge'0—-) (o¥'0—) (11°0)
800°0 L10°0— €00°0— L00°0— ¥00°0— 910°0— €10°0— 910°0— £00°0 (oz1s jesse)uy
SEXH STXH STAH 0TxH 0en] STOI 0191 o] €01

A&ymbyg XH XAD

A&ymbyg DI XAD

syuey [RUOISeY 9381er] i [our]

penurjuod ¢ a[qe],

37



Table 6: Regression of Weekly CDX Equity Returns on Fundamentals

This table reports the coefficient estimates and robust ¢-statistics for regressions of weekly CDX equity
and bank stock returns on fundamental factors. Dependent variables are listed by column, and indepen-
dent variables are listed by row. Fundamental factors are similar to those in Collin-Dufresne, Goldstein,
and Martin (2001) and include Ay;%", the change in the 10-year CMT Treasury rate, (Ay,Y")2, the
change in the Treasury rate squared, and ASlope,, the change in the slope of the yield curve (where
the slope is defined as the difference between the 10- and 2-year yields). Also included are AVolatility,,
defined as the average change in the implied volatilities of stock options on the underlying CDX con-
stituents, AJump,, the average change in slope of the volatility smirk of stock options on underlying
CDX constituents, AEDF,, the average change of the expected default frequencies of the CDX con-
stituents (computed similar to Bharath and Shumway (2008)), and ACorrel;, defined as the change in
the weekly average pairwise correlation between expected default frequencies of CDX constituent firms.
We also include interaction terms EDF; x ACorrely, defined as the average level of constituent EDF
measures multiplied by the change in EDF correlations, and AEDF; x Correl;, defined as the average
change in EDF measures multiplied by the level of EDF correlations. The superscripts ** and * denote

significance at the five- and ten-percent levels, respectively.

Ry = 70 +mAy " +72(Ay"")? + 43ASlope, + v5AVolatility, + 5 AJump,

+v6AEDF; + v7ACorrel + 45 (EDF; x ACorrel;)

+79 (AEDF; x Correl;) + ¢;

Panel A: CDX IG Equity

IG3 IG7 IGlO IG15 IGgo
Ay or 0.220%* 0.139%* 0.093** 0.055** 0.028%**
(6.92) (4.87) (4.31) (3.84) (4.01)
(Ay;0vT)2 —0.218 —0.416%* —0.283*% —0.189%* —0.079*%
(—1.35) (—2.25) (—1.88) (—2.00) (—1.84)
ASlope;, —0.038 0.085 0.057 0.020 —0.003
(—0.73) (1.64) (1.51) (0.89) (—0.30)
AVolatility, —1.491%* —1.340%* —0.969%* —0.546%* —0.238%*
(—7.98) (—6.50) (—5.98) (—5.19) (—4.89)
AJump;, —0.596 —0.235 —0.203 —0.272 —0.108
(—0.86) (—0.44) (—0.51) (—1.09) (—0.88)
AEDF, 0.630* 0.515 0.380 0.158 0.020
(1.69) (0.76) (0.68) (0.52) (0.19)
ACorrels —0.004 0.016 0.014* 0.009* 0.003
(—0.32) (1.36) (1.72) (1.79) (1.49)
EDF; x ACorrel; 0.355%* —0.502** —0.414%* —0.242%* —0.077**
(2.10) (—2.32) (—2.54) (—2.76) (—2.33)
AEDF; x Correl; —1.097 —2.758* —2.210%* —1.164* —0.279
(—1.02) (—1.87) (—2.05) (—1.93) (—1.33)
Constant 0.001 0.005 0.003 0.002 0.001
(0.16) (1.28) (1.24) (1.42) (1.33)
Observations 267 267 267 267 267
Adjusted R? 0.452 0.617 0.643 0.614 0.542
Continued
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Table 6 continued

Panel B: CDX HY Equity & Banks

CDX HY Equity Banks
HY10 HY 5 HYs25 HY35 National Lg Reg Sm Reg
Ay 0.135%* 0.091%* 0.103* 0.044 0.028 0.013 0.020
(2.36) (2.01) (1.73) (0.99) (1.10) (0.70) (1.62)
(Ay;0¥m)2 —0.347 —0.443* —1.135%%  —0.444 —0.213* —0.105 —0.090*
(—1.22) (—1.74) (—2.32) (—1.20) (—1.96) (—1.47) (—1.77)
ASlope;, —0.096 —0.016 0.201 0.180 —0.009 —0.014 —0.019
(—0.82) (—0.16) (1.50) (1.33) (—0.23) (—0.48) (—1.04)
AVolatility, —0.312 —0.385 —0.441 0.161 —0.651%%  —0.551%*  —(.374%*
(—0.63) (—0.92) (—0.61) (0.25) (—4.92) (—5.20) (—5.40)
AJump;, 0.623 0.606 —0.255 0.538 0.571% 0.586** 0.226
(0.52) (0.60) (—0.19) (0.44) (1.68) (2.02) (1.10)
AEDF, —0.812 —0.631 —0.890 —0.821 —1.894*%  —1.002%*  —0.191
(—1.02) (~1.13) (—1.41) (—1.34) (—4.02) (—3.52) (—0.74)
ACorrel; —0.005 0.002 0.009 0.006 —0.001 —0.006 —0.005
(—0.17) (0.07) (0.27) (0.27) (—0.13) (—=1.17) (-1.—1)
EDF x ACorrel —0.194 —0.173 —0.255 —0.283 —0.205 0.037 0.050
(—0.88) (—0.90) (—0.70) (—0.97) (—1.31) (0.42) (0.81)
AEDF x Correls —0.281 —0.967 —0.292 —1.612 3.287%* 1.626%* 0.185
(—0.13) (—0.54) (—0.14) (—0.68) (3.70) (3.08) (0.43)
Constant 0.004 0.005 0.011 0.001 0.002 0.002 0.001
(0.50) (0.73) (1.43) (0.10) (0.97) (1.21) (0.40)
Observations 216 216 216 216 267 267 267
Adjusted R? 0.201 0.262 0.284 0.198 0.543 0.475 0.362
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