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Abstract

We examine the predictive power of the CDS-bond basis for future corporate bond returns. We
find that residual basis, the part of the CDS-bond basis that cannot be explained by a wide range
of market frictions such as counterparty risk, funding risk, and liquidity risk, strongly negatively
predicts excess returns. Controlling for systematic risk factors, including credit risk and liquidity
risk, we find that a bond portfolio formed on the residual basis generates a significant abnormal
bond return of 1.79% at the 20-day horizon. The abnormal returns due to the residual basis
reflect mispricing rather than missing systematic risk factors. These results are robust to different
horizons and sample periods and to the various characteristics of bonds. Overall, our results
imply a beneficial role of CDS in the bond market as the existence of mispricing between CDS
and bonds results in a subsequent price convergence in bonds.
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1. Introduction

The market for credit default swaps (CDS) has seen tremendous growth in recent years.
According to the Bank for International Settlements (BIS, 2010), the notional value of
outstanding credit derivatives at the end of 2007 was $58 trillion, more than six times that of the
corporate bond market. As a result, CDS have fundamentally changed market practices in the
investment, trading, and management of credit risks. As CDS are essentially an insurance
contract against the default of a company’s bonds, the CDS and corporate bond markets tend to

move in tandem, closely interacting with each other.

The CDS basis (“the basis” hereafter), the deviation between CDS and bonds spreads, is one
of the well-known no-arbitrage relations. In theory, the basis should be close to zero, ignoring
some technical issues and market frictions. The violation of this relation, if any, may represent
the relative mispricing between corporate bonds and CDS. Much interest has been shown, by
both academics and practitioners, in understanding the basis, especially after the recent financial
crisis, when an extremely negative basis was observed. Most of the existing studies on the
analysis of the basis are centered on the causes of the non-zero basis (e.g., Bai and Collin-
Dufresne, 2014; Fontana, 2011; Longstaff, Mithal, and Neis, 2005). No prior study, however, has
addressed the implications of the basis for future price movements in related markets. Our study
fills this void by investigating the predictive power of the basis for future returns in the corporate

bond and CDS markets.

A non-zero basis could be due to many factors. For instance, CDS markets are
informationally more efficient (e.g., Acharya and Johnson, 2008; Blanco, Brennan, and Marsh,
2004), and incorporate relevant information into prices more quickly than the bond market.

Market frictions and risks encountered in a basis arbitrage may prevent price discrepancies from



being corrected instantly (Duffie, 2010). A recent study by Bai and Collin-Dufresne (2014)
documents that 34% of the CDS-bond basis can be explained by risks or market frictions (e.g.,
illiquidity). If a large portion of the basis cannot be explained by known factors, the remaining
part of the non-explainable basis can potentially reflect temporary “mispricing,” which may
converge at zero in the future. Therefore, the non-zero basis may predict a price convergence in
future periods of the corporate bond and CDS markets. Such predictability is expected to be
stronger for the less efficient bond market than for the more efficient CDS market. Using a
refined measure of the non-zero basis, we aim to quantify the predictive power of the mispricing

between bonds and CDS for their future returns.

To filter out the impact of market frictions and risks involved in a typical basis arbitrage, we
separate the observed basis into two parts based on the empirical explanatory model of basis by
Bai and Collin-Dufresne (2014): (1) predicted basis, which captures the equilibrium non-zero
level of the basis due to market frictions and risks (such as counterparty, funding, and liquidity
risk); and (2) residual basis, which captures the unexplained part of the basis that may reflect
mispricing between bonds and CDS. Although the residual basis may not be fully devoid of
market frictions or risk factors that are not specified in the empirical model, it is expected to be
less noisy in capturing mispricing after removing the well-known risks and measurable market

frictions.?

We first document that the residual basis strongly predicts future returns for corporate bonds.

We find that a one standard deviation increase in the residual basis predicts a negative future

2 Anecdotal evidence suggests that basis arbitrageurs will start trading only when the basis crosses a certain
threshold (e.g., from 10 to 25 basis points for negative basis arbitrage, as indicated by JP Morgan, 2006, p. 55). A
similar economic intuition is used in Lee, Myers, and Swaminathan (1999) in the stock market to capture temporary
market price deviation from fundamental value.



excess bond return of —4.8% on an annual basis at a minimum, suggesting that currently
overpriced (underpriced) corporate bonds relative to CDS experience a subsequent price decline
(increase). The price correction of corporate bonds occurs over various time horizons (e.g., 20
days, 40 days, and 60 days). The predictive power of the residual basis is still robust after
controlling for bond illiquidity, * information spillover from the CDS market, and price
momentum and reversals. However, the predicted basis has a much lower predictive power for

future bond returns.

A typical basis arbitrage also involves CDS since arbitrageurs tend to hedge their bond
positions with CDS. When the basis is negative (positive), one can long (short) the underlying
corporate bond and buy (sell) CDS to bet on the narrowing of the basis. The arbitrage force may
lead to an adjustment in subsequent CDS prices. Our empirical results confirm this intuition by
showing that the residual basis has strong predictive power for the change in CDS spreads as
well. A one standard deviation increase in the residual basis predicts a rate of change in CDS
spreads of —11.9% on an annual basis at a minimum, suggesting that the corresponding CDS
experience a subsequent spread decrease. However, the predicted basis does not predict CDS

price movements at all.

Even though the residual basis has strong predictive power for both markets, the statistical
significance of its predictability is much stronger for bond markets than for CDS markets. The t-
statistics for the coefficients on the residual basis in our predictive regression models are about

two times bigger for bond markets than for CDS markets, regardless of model specifications.

3 See, for example, Longstaff, Mithal, and Neis (2005); Chen, Lesmond, and Wei (2007); Goldstein, Hotchkiss, and
Sirri (2007); Lin, Wang, and Wu (2011); Bao, Pan, and Wang (2011); Dick-Nielsen, Feldhiitter, and Lando (2012);
and Friewald, Jankowitsch, and Subrahmanyam (2012).



This result is also consistent with the literature documenting that mispricing is observed more
often in bond markets than in CDS markets because CDS markets are more efficient in pricing

credit risk (e.g., Acharya and Johnson, 2008; Blanco, Brennan, and Marsh, 2004).

We perform several robustness tests to ensure that the strong predictability is consistent with
the mispricing and subsequent price convergence interpretation. It is well known that
investment-grade (IG) and high-yield (HY) bonds are different in many dimensions, such as
investors’ clientele and liquidity (e.g., Da and Gao, 2010; Acharya, Amihud, and Bharath, 2013).
Therefore we analyze each type of bond separately. Our results show that the price corrections
occur for both types of bonds across different time horizons (20 days, 40 days, and 60 days), but
the result is weaker for the speculative-grade CDS over longer horizons ( 40 days or 60 days).
This result is consistent with the anecdotal evidence that the basis arbitrage is risky and that basis
arbitrageurs opt for safer investment opportunities, such as investment-grade credit instruments

and shorter horizons (e.g., Deutsche Bank, 2009).

Given the disruption of the corporate bond and CDS markets during the financial crisis,* we
also investigate whether price corrections were disrupted during the crisis. Our results show that
the predictability of the residual basis for bond price correction was still robust during the crisis.
Interestingly, the predictability for CDS spread movement was not statistically significant during
the crisis. These results indicate that basis arbitrage plays a reduced role in stabilizing the CDS
market during a crisis, consistent with the literature that the limits of arbitrage have been hit by

investors (e.g., Duffie, 2010; Mitchell and Pulvino, 2012).

4 For example, see Fontana (2011); Trapp (2010); Dick-Nielsen, Feldhiitter, and Lando (2012); Friewald,
Jankowitsch, and Subrahmanyam (2012). The basis was extremely negative for a prolonged period during the recent
financial crisis: the basis of the investment-grade index in late 2008 dropped to —250 bps, whereas that of the
speculative-grade index dropped to about —400 bps.



Given the strong predictive power of the residual basis for future bond returns, it is natural to
verify whether we could implement a profitable convergence trade in bond markets based on the
residual basis as a trading signal. Indeed, we find that a strategy of buying low-residual corporate
bonds and selling high-residual corporate bonds earns a statistically significant high abnormal
return of 1.79% over a 20-day horizon. The return is even higher for longer horizons in which we
have 2.40% for a 40-day, and 2.68% for a 60-day horizon. This result is robust after controlling
for well-known systematic risk factors for corporate bonds, including default and liquidity risk
factors as well as various bond characteristics such as credit ratings, maturity, age, coupon, and
issue size. Even after taking into account the fact that corporate bonds may incur high transaction
costs, these returns are still sizeable (especially for an institutional investor).> However, a similar
trading strategy based on the predicted basis generates much less economically and statistically
significant abnormal returns. Specifically, the abnormal return from predicted basis arbitrage
strategy is 0.67% for a 20-day horizon, which is less than a half the return from the residual basis.
These results suggest that the residual basis can serve as a much better trading signal for

arbitrageurs who wish to exploit the mispricing between the bond and CDS markets.

The final test we perform is to confirm that the source of the high abnormal bond returns is
due to “pure” mispricing rather than to unknown or missing risk factors. Following the standard
approach in the literature (e.g., Fama and French, 1993; Daniel and Titman, 1997; Gebhardt,
Hvidkjaer, and Swaminathan, 2005), we compare the explanatory power of the cross-section of
bond returns of the residual basis itself with a factor-mimicking portfolio, the Low-minus-High

(LMH) factor, which is based on the residual basis. Our results show that when the residual basis

5> Edwards, Harris, and Piwowar (2007) show that the average round-trip cost for a representative retail order size of
$20,000 is estimated as 1.24% of the price. The transaction cost decreases with trade size, and is as low as 0.48% for
an institutional order size of $200,000. A long-short corporate bond trading strategy involves two round-trip
transaction costs, which would amount to about 0.96% for institutional investors.



itself is included in the return regression, the LMH factor does not explain the bond returns,
while the residual basis is significantly related to the bond returns. This finding suggests that the
residual basis represents temporary mispricing in corporate bonds rather than unknown risk

factors.

Our study makes three distinct contributions to the existing literature. First, our results
contribute to the rapidly growing literature on the CDS-bond basis. The non-zero CDS-bond
basis is still a puzzle that is yet to be understood in full. For the aggregate level of the basis,
Fontana (2011) studies the basis during 2007/09 financial crisis for investment-grade U.S. firms
and shows that the basis is correlated with a few factors, including the Libor-OIS spread.
Fontana and Scheicher (2010) examine the sovereign basis for ten European countries to
understand the determinants of the basis. For the cross-section of the basis, Bai and Collin-
Dufresne (2014) utilize a risk-return analysis on the basis and suggest potential explanations for
the basis, such as market frictions and bond characteristics. Nevertheless, they are able to explain
only 34% of the basis variations. There are many more unknown “limits to arbitrage” reasons
that contribute to the non-zero basis. Our findings shed new light on the source of the non-zero

basis by showing that a residual basis represents a better measure of mispricing.

Second, our study extends the literature on limits to arbitrage by documenting that the
existence of mispricing between CDS and bonds results in subsequent price corrections in both
markets. Baker and Savasoglu (2002), Lamont and Thaler (2003), and Mitchell, Pulvino, and
Stafford (2002), among others, empirically document the limits of arbitrage in equity markets.
For fixed-income markets, Fleckenstein, Longstaff, and Lustig (2014) document the existence of
mispricing between real and synthetic Treasury bond, and show that the mispricing narrows as

additional capital flows into the markets. To the best of our knowledge, our paper is the first to



document the price convergence between derivatives and underlying cash securities in the credit

markets.

Last, our study also contributes to the recent debate over whether CDS improve the overall
efficiency and quality of other related markets. Boehmer, Chava, and Tookes (2013) find that
CDS generally have a negative impact on equity market quality measured in terms of stock
liquidity and stock price efficiency. Das, Kalimipalli, and Nayak (2014) also argue that CDS are
largely detrimental to the corporate bond market, which has become less efficient and has not
experienced a reduction in pricing errors or an improvement in liquidity.® Our finding that price
adjustments are stronger in the corporate bond market than in the CDS market, however,
suggests that the presence of CDS may improve the pricing efficiency of the corporate bond

market.

The rest of the paper is organized as follows. Section 2 discusses the construction of the
residual basis. Section 3 presents our main result that the residual basis predicts price
convergence between CDS and corporate bonds. Section 4 shows that the return predictability by
the residual basis is not due to missing risk factors but captures mispricing in corporate bonds.

Section 5 presents several robustness tests and section 6 concludes.

2. Residual Basis: A Refined Measure of Mispricing

In this section, we explain how our basis measure is constructed, from which we describe how to

develop a refined measure of the mispricing between CDS and corporate bonds, devoid of

6 Our paper also differs from Kim, Li, and Zhang (2013), who study CDS-bond basis arbitrage. They interpret the
basis as a summary of the various risks involved in the corporate bond market, and show that it explains the cross-
section of corporate bond returns. In this study we focus instead on the unexplained part of the basis and show that (i)
it captures mispricing between CDS and corporate bonds and (ii) predicts price convergence between CDS and
corporate bonds.



various market frictions and risks that may prevent arbitrageurs from exploiting price

discrepancies.
2.1. Methodology
The basis for a given firm 7 at time ¢ for a given maturity 7 is defined as

Basis,, . =CDS,, . -Z,, _, (1)
where CDS; ;. is the CDS spread of firm i at time ¢ with maturity 7z, and Z; . is the Z-spread. The
Z-spread, which is widely used in industry to define the basis (e.g., Choudhry, 2006), represents
a parallel shift of the credit curve such that the present value of future cash flows equals the
current price. For a 5-year plain vanilla bond with an annual coupon, we obtain the Z-spread by

solving the following equation:

c c c c c+1
- + 7t st i 52
(I+s5,+2) (A+s,+2) (A+s,+2)y (A+s,+2) (+s,+2)

2)

where P is the current price of the bond with a face value of 1, ¢ is the coupon rate, s; is the zero-
coupon yield to maturity based on the swap rate curve for a maturity of i year(s) (where i = 1,
2,..., 5). Then we match the Z-spread with the CDS spread at the same maturity. If we do not
have an exact match for maturity, we linearly interpolate the CDS curve to obtain a CDS spread

that has the same maturity as the bond.

Given that CDS and bonds are two different ways to invest in the credit risk of the same
company, and should have the same payoff in both default and at maturity, the basis will be close
to zero in equilibrium. Expected to disappear in future periods, a non-zero basis may represent
the mispricing between CDS and bonds that could allow potential arbitrage opportunities. In
practice, however, the basis could have a non-zero value due to (i) contractual differences

between cash bonds and CDS, such as maturity mismatching and different frequency of cash

9



payments,’ or (ii) risks encountered in a basis arbitrage (such as counterparty, funding, and

liquidity risks).

Based on an empirical model developed by Bai and Collin-Dufresne (2014),% which is
described in Appendix A.l, we separate the basis into two parts: “predicted basis,” which
represents the equilibrium non-zero level of the basis, and “residual basis,” which cannot be
explained by known risk factors and on average has a value of zero. To the extent that the
predicted basis captures risks and market frictions encountered in a basis arbitrage, our residual
basis measure should be a less noisy measure than the overall basis for capturing the pure

mispricing between bonds and CDS.
2.2. CDS and Bond Data

The CDS data used in this study are on standardized ISDA contracts for physical settlement. We
obtain the CDS data from Markit, which aggregates quotes from major CDS dealers. We focus
on U.S. dollar-denominated CDS contracts that are senior unsecured with the “Modified
Restructuring” clauses from 2001 through 2008. The daily CDS spreads are quoted in basis
points (bps) per year for a notional amount of $10 million. While previous studies have mainly
focused on CDS contracts at a five-year maturity, we use the complete curve of CDS spreads for
6-month, 1-, 2-, 3-, 5-, 7-, 10-, 15-, 20-, and 30-year maturities to exact-match the maturities of

corporate bonds. The bond data for the years 2001 through 2008 are obtained from three

7 It might be difficult to find a CDS with exactly the same maturity as the cash bond. In a default event, when the
accrued interest is paid upon default in CDS, it may not be paid for the defaulted bond. Interest for CDS is paid
quarterly, whereas it is paid semi-annually for most cash bonds. The cheapest-to-deliver option embedded in a CDS
contract can be extremely valuable in some default events, which could lead to discrepancies between CDS and
bond spreads.

8 We are aware that Nashikkar, Subrahmanyam, and Mahanti (2011) have proposed an alternative empirical
deterministic model for CDS-bond basis. However, one of their key independent variables “latent liquidity” is
obtained from a proprietary data source that we do not have access to replicate their empirical model.

10



different sources. The price information is from TRACE and NAIC, bond transaction databases
that have been widely used in recent literature. The bond transaction data are further merged with
the Fixed Investment Securities Database (FISD) to obtain bond characteristic information, such
as issue dates, maturity dates, issue amount, and rating information. To compute the basis, we
focus on senior-unsecured fixed-rate straight bonds with semi-annual coupon payments, and
delete bonds without credit ratings from any of the three rating agencies (Standard & Poor's,
Moody's, and Fitch). We further remove bonds with embedded options (callable, puttable, or

convertible bonds), floating coupons, and less than one year to maturity.

TRACE was officially launched in 2002 by the Financial Industry Regulatory Authority
(FINRA), which replaced NASD, to disseminate secondary over-the-counter (OTC) corporate
bond transactions by its members. TRACE has gradually increased its coverage of the bond
market over time. By July 1, 2005, FINRA required all its members to report their trades within
15 minutes of the transaction. Nowadays, TRACE covers all trades in the secondary over-the-
counter market for corporate bonds and accounts for more than 99% of the total secondary
trading volume in corporate bonds. The only trades not covered by TRACE are trades on the
NYSE, which are mainly small retail trades. The information contained in TRACE includes
transaction dates and transaction price (clean price or price with commissions). In this study we
exclude transactions whose prices are mixed with commissions.

Owing to limited coverage by TRACE in its early years, we supplement the bond transaction
information with the NAIC database, which provides all corporate bond transactions by
American life, health, property, and casualty insurance companies since 1994. Insurance
companies are estimated to hold between 33% and 40% of corporate bonds and to have

completed 12.5% of the dollar trading volume in TRACE-eligible securities during the second

11



half of 2002 (Schultz , 2001; Campbell and Taksler, 2003). A recent study by Lin, Wang, and
Wu (2011) also uses the combined dataset of NAIC and TRACE to study the liquidity risk in the
corporate bond market. NAIC is an alternative to the no-longer-available Lehman fixed-income
database on corporate bonds used in previous studies. Since NAIC does not report the exact time
of trading, we use the last transaction price from TRACE as the closing price of the bond for
each day. When TRACE has no record of a bond transaction, we use the observation from NAIC

if it is available.
2.3. Sample Construction

For each bond i on day ¢, the basis, Basisit is defined as the difference between a firm’s CDS
spread and a bond’s Z-spread measured on day ¢. We compute the Z-spread by using the daily
price of a bond obtained from the last transaction on day 7. Next, we match the computed Z-
spread with the CDS spread on day ¢ at the same maturity. If we cannot find the exact match for
maturity, we linearly interpolate the CDS curve to obtain a CDS spread that has the same
maturity as the bond. Last, the basis is constructed by subtracting the Z-spread from the CDS

spread.

Once the basis for a given bond is constructed on day ¢, we compute bond returns (HPR; ¢ 1 +x)
for the subsequent periods (from day ¢ to t+k, where k=20, 40, or 60 days) using the following
equation:

(Pigri + Al pyie) + Ciprar — (Pip + Al,)

HPR; =
itt+k (Pl',t + Ali,t)

: (3)

where C;; ¢+ 15 the coupon payment during the period (i.e., between day ¢ and ¢+k), and Al; ¢4

the accrued interest on day 7+k. P; ., and P; . is the daily price of a bond obtained from the last

12



transaction of the bond during day 7+k and ¢, respectively. Similarly, the rate of change in CDS

spreads (A(CDS); ¢ ¢++1) 1s computed as:

CDS Spread; ;+x — CDS Spread,;,

A(CDS)itt+k = CDS Spread,
it

4)

If there are no data available on day #+k for either bonds or CDS, we use the nearest available
data on day t+k—1, t+k-2, t+k—3, t+hk—4, and t+k—5 in the order of priority. If there are no data
available within the five-day window, the bond or CDS is removed from our sample. The
constructed data of basis, bond returns, and CDS changes are further merged with firm

characteristics data (from Compustat and CRSP) to compute the residual basis.

[Insert Table 1 about Here]

After matching, cleaning, and winsorizing by 1% at the bottom and the top, our final dataset
has a total of 181,092 observations. Our final sample covers the period from January 2, 2003,
through December 31, 2008. Panel A of Table 1 provides summary information about the firms
and bonds in our sample. There are a total of 765 IG firms with 2,615 bonds and 141,485 daily

bond observations and 229 HY firms with 539 bonds and 39,607 daily bond observations.

Panel B of Table 1 reports summary statistics for the overall basis (Basis), the predicted
basis (BasiSpredicted), and the residual basis (Basisyesiauat), as well as a wide range of bond and firm
characteristics. Both Basis and Basispredgiciea are about —5 basis points, whereas Basis esiauar has a
zero mean by construction. Interestingly, both Basis and Basisprediciea have a negative mean of —
31 basis points for IG bonds and a positive mean of 81 basis points for HY bonds. Basis esidua has
a zero mean for both IG and HY bonds because we run the cross-sectional regression model for
the IG and HY bonds separately. Basis and Basispredicrea tend to have higher standard deviations

than Basis esiaual. The average bond in our sample is about 5.7 years old and has a rating between

13



BBB+ and BBB, an average maturity of 9 years, a coupon rate of 6.6%, and an outstanding

amount of $392 million.

Panel C of Table 1 reports the correlation coefficients among all the key variables. We find
that the correlation between Basis and Basisprediciea 1S about 0.82. The correlation between Basis
and Basisesiaual 18 about 0.57. We also find that Basisesiaual 1s not highly correlated with all the
control variables, whereas Basispredicea 1 highly correlated with the past CDS spread (at 0.70)

and credit rating (at 0.54).

3. Empirical Findings

3.1. Predictive Power of the Residual Basis

In this section, we test whether the residual basis has significant predictive power for future bond
prices and CDS spreads. In fact, we find that the residual basis predicts price convergence
between corporate bonds and CDS. It is important to note that the predictive power is much
stronger for bonds than for CDS. The predicted basis, in contrast, exhibits some predictive power

for bonds, but not for CDS.

A non-zero residual basis could be due to many factors. For instance, it could reflect the
unobservable market frictions and risks encountered in a basis arbitrage, apart from the precision
of the model employed to predict the basis. To the extent that our residual basis measure captures
mispricing of the unknown limits to arbitrage, one would expect mispricing to narrow in future

periods when the limits are not binding, or are less binding.

The arbitrageurs would long (short) bonds with a negative (positive) residual basis, which
tend to be underpriced (overpriced) relative to their fundamental values. Since the arbitrage force

would drive up (down) the prices of underpriced (overpriced) bonds, we expect to find a negative

14



relation between the residual basis and future bond returns. If the arbitrageurs use CDS to hedge
the default risk of the bonds they long or short, then their trading behavior might also affect CDS
spreads. The predictive power for each market may differ depending on the degree of mispricing

prevalent in the two markets.

We examine the predictive power of the residual and predicted basis for future bond returns
and CDS spreads through Fama-MacBeth (1973) regressions with the robust Newey-West (1987)

t-statistics for the coefficients with k-7 lags as follows:

HPR;t 14k — Treeek = A + B1Basis,esiquat,ic + :BZBaSiSpredicted,i,t + bond control;; (5)
A(CDS) it vk — Tret+k =V + 61BaSiSresiauat,it + 628aSiSpreaictea,ic + CDS controlye, (6)
where HPR; .+ 1s the k-day holding period return for individual bond i from day ¢ to #+k (where
k=20, 40, or 60), 7+« 1s the cumulative risk-free rate from day ¢ to t+k, A(CDS); s+ represents
the rate of changes in CDS spreads for firm i from day ¢ to t+k, BasiSresiduali: 1S the residual basis

on day #, and BasiSpredicred,it 1S the predicted basis on day ¢.

The bond control variables in equation (5) include credit rating, maturity, age, coupon, issue
size, and bond liquidity (i.e., turnover) (e.g., Lin, Wang, and Wu, 2011). Following Tang and
Yan (2014), the CDS control variables in equation (6) include Stock Return, the rate of change in
stock price within the past one month; A(Volatility), the rate of change of stock volatility within
the past one month (where stock volatility is defined as the standard deviation of daily stock
returns for the past 60-day window); A(Leverage), the rate of change in market leverage within
the past three months (where market leverage is defined as the book value of total debt divided
by the market value of total assets); A(Size), the rate of change in the logarithm of the market
value of total assets within the past three months; A(Profitability), the rate of change in net

income divided by the market value of total assets within the past three months; and A(Cash), the

15



rate of change in the ratio of cash and cash equivalent divided by the market value of total assets

in the past three months.
[Insert Table 2 about Here]

Table 2 reports the regression results for bond excess returns with three different model
specifications over 20-, 40-, and 60-day holding horizons. It is shown that the coefficients on
Basisresiauar are significantly negative for all bonds at the 1% significance level, ranging from —
2.04 to —1.23 across three different horizons. A one standard deviation decrease in Basisresidual
can generate an annual return of 4.8% to 14.1% for all bonds. These returns would be
economically significant after taking into account the high transaction costs in the bond market.
Note that the average monthly return of U.S. corporate bonds is about 0.29% according to

Barclays U.S. Credit Index from 2003 through 2008 (Barclays Capital, 2010).

Given that the literature has shown that the CDS market is more efficient than the bond
market in pricing credit risk (e.g., Zhu, 2004; Blanco, Brennan, and Marsh, 2005; Longstaff,
Mithal, and Neis, 2005; Norden and Weber, 2009; Alexopoulou, Andersson, and Georgescu,
2009; Coudert and Gex, 2010), we also control for CDS spreads in the return regression by
including CDS Spread on day ¢ in Table 2. Consistent with the existing literature, we find that
the coefficients of CDS Spread are statistically significant for all bonds at the 1% significance

level. But the coefficient of Basis,esiauar remains significantly negative for all holding horizons.

We also include lagged bond returns, Bond Return, and changes in CDS spread, 4(CDS

Spread), to control for price momentum or reversals in the two markets in Model 2 and Model 3,
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respectively (e.g., Pospisil and Zhang, 2010).° Bond Return is the lagged individual bond’s
excess return from day 7—20 to day t—1. A(CDS Spread) is the rate of change in CDS spreads
from day #-20 to day ¢. The coefficient of Basis,esiaua remains almost the same in Model 2 but
declines slightly in Model 3. A one standard deviation decrease in Basis esiauar can still lead to an
annual return of 4.8% to 10.3% under Model 3. Therefore, these additional control variables do

not reduce the strong predictability of the residual basis for future bond returns.
[Insert Table 3 about Here]

Table 3 reports the regression results for CDS spreads with three different model
specifications over 20-, 40-, and 60-day holding horizons. The predictability of Basis;esidua for
future CDS spread changes is very strong and robust: a one standard deviation decrease in
Basis esiaual 1eads to a positive rate of change in CDS spreads of 11.9% to 17.7% on an annual
basis. Models 2 and 3 further control for lagged changes in CDS and bond returns. The
coefficients of these additional control variables are significantly negative, indicating that the

CDS experience price reversals.

Note in Table 2 and Table 3 that the predictive power of Basisprediciea 1S Somewhat limited. It
has highly significant coefficients only for bond returns, but not for CDS spread changes. These
results suggest that Basisyredicea may capture systematic risk factors, rather than mispricing,
which affects only corporate bonds. As a result, it would predict only bond prices rather than the
CDS. Overall, we find that the residual basis predicts subsequent price convergences between

corporate bonds and their corresponding CDS.

2 We do not consider including CDS spread, changes in CDS, and bond returns altogether as an explanatory variable
to avoid the collinearity issue because, technically, basis is the difference between CDS and bond spreads. Therefore,
we include either A(CDS Spread) or Bond Return in the tests.
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3.2. Profitability of a Residual Basis Portfolio

In this section, we first explore whether a convergence trade, a trading strategy that bets on the
residual basis getting narrower, can generate significant abnormal returns for corporate bonds.
We compute the abnormal returns that can be achieved by investing in corporate bonds using the
residual basis as a trading signal. Specifically, we sort bonds into five quintile portfolios based
on the residual basis. Next, we long the bottom quintile portfolio with the lowest residual basis
and short the top quintile portfolio with the highest residual basis. For comparison, we also

compute the returns based on the predicted basis as the trading signal.

To compute the abnormal return of each basis quintile portfolio, we use the following return

regression:

HPRy ¢4k — Treeek = Api T ,31,pMKTt,t+k + IBZ,pSMBt,tHc + ﬂ3,pHMLt,t+k

+:84-,pDEFt,t+k + :BS,pTERMt,tH( + ﬁe,qut,Hk + &pt (7)

where HPR, .+ is the k-day holding period return of the basis portfolio p from day ¢ to t+k
(where £=20), MKT, SMB, and HML are the Fama-French (1993) three factors cumulated daily
from day ¢ to t+k, TERM is the difference between the daily return of the 10-year-to-maturity
government bond index and the daily T-bill return cumulated daily from day ¢ to t+k, DEF is the
difference between the daily return of the Lehman investment-grade bond index and the daily 10-
year-to-maturity government bond from CRSP cumulated daily from day 7 to #+k, and LIQ is the
Amihud (2002) liquidity risk factor measured from day ¢ to ¢+k by following the procedure in

Lin, Wang, and Wu (2011). Table 4 reports the results.

[Insert Table 4 about Here]
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In Panel A of Table 4, we find that the average abnormal returns over the entire sample of the
quintile portfolios of all bonds (which is a,, xin equation (7)) decrease monotonically from 1.58%
to —0.21% for the portfolio with the lowest residual basis to the one with the highest residual
basis. If we long the portfolio with the lowest residual basis and short the portfolio with the
highest residual basis, we would earn an abnormal return of 1.79% in 20 trading days (2.40% for
a 40-day and 2.68% for a 60-day horizon).!® Edwards, Harris, and Piwowar (2007) show that the
average round-trip cost for a retail order of $20,000 is 1.24%, and the cost decreases to as low as
0.48% for an institutional order of $200,000.!! Hence, the long-short strategy of corporate bonds,
which involves fwo round-trip transactions, would incur transaction costs of about 2.48% for
individuals and 0.96% for institutions. Given that the basis trade is likely to be done by
institutional investors with a larger trade size, their take-home profit from the 20-day trading
strategy could be approximately 83 basis points net of the transaction cost. The profit will be

even larger for longer horizons (144 bps for the 40-day horizon and 172 bps for the 60-day).

In Panel A of Table 4, we also report the yearly breakdown of abnormal returns of the
quintile portfolios and reach a similar conclusion, that the low residual basis portfolio has higher
returns than the high residual basis portfolio. We also present the abnormal returns of the quintile
bond portfolios across various characteristics, such as rating, maturity, age, coupon rate, and

issue size.!? We first sort bonds based on each characteristic, and then on the level of basis on

19 The results for a 40-day and a 60-day horizon are not reported to save the space but are readily available upon
request.

' The round-trip transaction costs vary within institutional-size trades: 28 bps for a trade size of $500,000 and 18
bps for a trade size of $1M.

12 The details of different bond characteristics considered are as follows: (i) seven rating groups with ratings of AAA,
AA, A, BBB, BB, B, and CCC and below; (ii) five maturity groups with maturities of 1-3, 3-5, 5-7, 7-10, and more
than 10 years; (iii) five age groups with ages of less than 3, 3-5, 5—7, 7-10, and more than 10 years; (iv) five coupon
groups with annual coupons of 0-5.5%, 5.5%—6.5%, 6.5%—7%, 7-8%, and more than 8%; and (v) five issue size
groups with issue sizes of 0-0.2, 0.2-0.3, 0.3-0.5, 0.5-0.6, and more than $0.6 billion.
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day ¢. For each portfolio, the value-weighted returns are computed from day ¢ to day +20. We
find that the long-short strategy earns significant abnormal returns at the 1% significance level
across all bond characteristics. The strategy is the most profitable for the oldest bonds and for the

bonds with a BBB rating, the longest maturity, the smallest issue size, and higher coupon rates.

Panel B in Table 4 reports parallel results for quintile portfolios sorted by the predicted basis
on day ¢. Generally, we observe a negative relation between abnormal portfolio returns and the
predicted basis; i.e., the portfolio with the lowest predicted basis has the highest abnormal return.
A strategy that longs the portfolio with the lowest predicted basis and shorts the portfolio with
the highest predicted basis generally earns a positive abnormal return. The strategy, however,
loses money in 2006 and for bonds with extremely high or low credit ratings. More important,
the economic significance of the abnormal returns becomes much smaller for the long-short

strategy based on the predicted basis. '

In summary, our results show that a long-short strategy based on the residual basis could
yield significant abnormal returns across different years and for bond groups with different
characteristics. After taking into account the transaction cost, we find that this trading strategy

would still generate economically significant returns for institutional investors.
3.3. Profitability of the Negative Basis Trade

In order to exploit the pricing misalignment between corporate bonds and CDS, investors can

engage in a popular arbitrage strategy called “negative basis trade”: When the basis is negative,

B 1n unreported results, we have also computed the abnormal returns for 40-day and 60-day horizons. Similar to
the prior results, we find that the abnormal returns are more significant, both economically and statistically, under
the trading strategies based on the residual basis than those based on the predicted basis.
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one longs the underlying bond and buys CDS to bet on the narrowing of the basis. Although the
positive basis can also allow investors to engage in arbitrage, the negative basis trade is more
popular than the positive basis trade because it is difficult to short bonds if the basis is positive.
As such, we investigate the profitability of the negative basis trade by buying a very negative
CDS-bond basis bond and buying its insurance through CDS for a period (20 days, 40 days, or
60 days) and closing both positions at the end of the period. If the mispricing is corrected, we

should expect this arbitrage strategy to generate positive excess returns.

Similar to the analysis in section 3.2, we form the quintile portfolios based on the residual
basis on day ¢, and measure the realized excess returns from both corporate bonds and CDS for
the next k-day holding period from 7 to t+k (k=20, 40, and 60). The realized excess returns on
CDS are measured by the change in the mark-to-market value of the contract, which is
approximated by the multiple of the change in the CDS spread and the value of a default-risky

annuity, A(T) (both at T-year maturity):'*

1 = (CDS Spread; 1, — CDS Spread; ;) x A(T) (8)

1

In Table 5, we report the results of excess returns for the quintile portfolio with the most
negative basis, which consists of 30 different bonds on average and has an average residual basis

of —70 bps. It is shown that our negative basis strategy could generate significant excess returns

14 The value of a risky annuity for CDS of T-year maturity with a quarterly premium payment is computed as
4

T
1 INA ()
am =3.2()e (3)
™ 4 £ - 4 ¢ 4
Jj=
where Z(s) is the risk-free discount factor for s-year maturity, and Q(s) is the risk-neutral survival probability over
next s years. Assuming the flat term structure of survival probability, O(s) can be simplified to e =S with the default

intensity 4 being equal to 4 log (1 + %), where CDS is the CDS spread and L is the loss given default (assumed to

be fixed at 60%). This measure of excess CDS returns is commonly used in the literature; e.g., see Berndt and
Obreja (2010), Bongaerts, De Jong, and Driessen (2011), and Bao and Pan (2013).
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of 1.15% to 1.51% across different investment horizons.'> Overall, these results corroborate our
earlier findings that buying and selling bonds based on non-zero residual basis could generate

significant positive trading profits.
[Insert Table 5 about Here]
4. Abnormal Returns of a Residual Basis Portfolio: Risk or Mispricing?

Although the residual basis may capture the temporary price misalignment (i.e., mispricing) of
corporate bonds, we perform a more direct test to eliminate the alternative explanation that it
may represent a missing systematic risk factor (e.g., Nashikkar, Subrahmanyam, and Mahanti,
2011). Following the standard approach in the literature (e.g., Fama and French, 1993; Daniel
and Titman, 1997; Gebhardt, Hvidkjaer, and Swaminathan, 2005), we construct a factor-
mimicking portfolio based on the residual basis and test its incremental explanatory power for

corporate bond returns over traditional systematic risk factors.
4.1. The Construction of a Residual Basis Factor

We first sort investment-grade (IG) and high-yield (HY) bonds into three groups with low (L),
medium (M), and high (H) levels of the residual basis on day z. Then we construct the factor-
mimicking portfolio for the residual basis as the difference between the average value-weighted
20-day holding period returns of IG and HY bonds with the lowest residual basis (the L group)
and for those with the highest residual basis (the H group) (from day ¢ to day 7+20), i.e.,

(IG/L+HY/L)/2—(1G/H+HY/H)/2. We name this portfolio the “LMH factor.”

[Insert Table 6 about Here]

15 These returns may be significant, assuming low transaction costs in the CDS market. In fact, Biswas, Nikolova,
and Stahel (2015), who estimate and compare transaction costs for a bond and a CDS, show that bonds incur
transaction costs that are more than three times those of the corresponding CDS.
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Panel A in Table 6 reports summary statistics of the 20-day returns for the six systematic risk
factors (MKT, SMB, HML, DEF, TERM, and LIQ), the LMH factor, and the six portfolios
double-sorted by rating and the residual basis. The existing six systematic risk factors are defined
in equation (7) and are used in Fama and French (1993) and Lin, Wang, and Wu (2011).
Consistent with previous findings, for either the IG or HY category of bond portfolios, the lowest
residual basis (the L group) have significantly higher returns than those with the highest residual
basis (the H group). The LMH factor has the highest mean return (at 0.84) and the lowest

standard deviation (1.06).

Panel B in Table 6 reports the correlation coefficients for all the pricing factors. It shows that
the LMH factor is not highly correlated with the other six risk factors. The highest correlation is
with the TERM factor at 0.20. Some of the other factors are significantly correlated with each
other. For example, the correlation between the DEF factor and the MKT factor is 0.79. These
results indicate that the LMH factor may expand the investment opportunity set offered by the
existing risk factors. Indeed, Panel C of Table 6 shows that the Sharpe ratio improves
substantially from 0.98 in the six-factor model to 1.42 once the LMH factor is included in the

optimal portfolio mix.
4.2. Is the LMH Factor a Missing Systematic Risk Factor?

In order to know whether the LMH factor is a systematic risk factor for bond returns, it is
necessary to determine whether the LMH factor has incremental explanatory power for corporate
bond returns beyond the traditional bond pricing factors. To do so, we consider the following
regressions of the value-weighed returns of the six double-sorted portfolios on credit ratings (IG

and HY) and the residual basis (L, M, and H) (2x3):
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HPRp 14k — Treeek = Api + :Bl,pMKTt,t+k + ﬁZ,pSMBt,t+k + :83,pHMLt,t+k +
,84,pDEFt,t+k + ,Bs,pTERMt,Hk + ﬁe,pUQt,Hk + &pt )
HPRy ¢tk — Tretek = Api + ,31,pMKTt,t+k + ﬂz,pSMBt,t+k + ,83,pHMLt,t+k +

BapDEF v + BspTERM ey + BopllQpsic + BrpLMHepyi + &pe  (10)
where HPR, .1+ 1s the k-day holding period return of bond portfolio p (where p = 6) formed on
bond credit ratings and three basis groups from day ¢ to t+k (where £=20); the systematic risk
factors are defined in equation (7). Panel A in Table 7 provides the results of the six-factor model

in equation (9), and Panel B provides the results of the seven-factor model in equation (10).
[Insert Table 7 about Here]

The second and third columns of Panel A in Table 7 reveal a negative relation between the
residual basis and portfolio excess returns for IG bonds. It also shows that we have larger return
spreads between low and high residual basis portfolios than for HY bonds. The fourth column of
Panel A reveals a negative relation between residual basis and portfolio abnormal returns:
Portfolios with an extreme low (high) residual basis earn significant positive (negative) abnormal
returns, while portfolios with a medium residual basis level (which is closer to zero) earn
insignificant excess returns. Moreover, the intercepts are significantly different from zero,
especially for IG portfolios under the six-factor model at the 1% significance level. These results
suggest that the existing systematic risk factors do not capture the residual basis effect in the

average returns.

Panel B of Table 7 reports the regression results of the seven-factor model, including the
LMH factor. While three out of the six portfolios have significant loadings on the LMH factor at
the 1% significance level and one at the 5% significance level, three out of the six portfolios

have significant intercepts at the 1% significance level. Therefore, even though the LMH factor
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exhibits some co-variations with corporate bond returns, it still cannot completely explain the

abnormal returns related to the residual basis.

To further explore whether the LMH factor can explain the return predictability of the
residual basis, we apply the seven-factor asset pricing model to 18 triple-sorted bond portfolios,
which are constructed based on credit rating (IG and HY), residual basis (L, M, and H), and
factor loading on the LMH factor calculated using historical data 180 days prior to portfolio
formation (L, M, and H) (i.e., 2x3x3). This approach is adapted from Daniel and Titman (1997).
Columns two to four in Panel C of Table 7 show that the triple-sorting leads to portfolios with
big variations in the loadings on the LMH factor after controlling for rating and residual basis.
However, we do not find a positive relation or any clear pattern between the factor loadings on
the LMH factor and the excess returns of the bond portfolios. This indicates that the LMH factor
may not represent a missing systematic risk factor. Moreover, the LMH factor is significantly
priced in only 11 out of 18 portfolios at the 10% significance level. While a satisfactory asset
pricing model should predict zero intercepts for all portfolios, column six shows that 10 out of
the 18 portfolios still have significant non-zero intercepts at the 1% significance level. These
abnormal returns are economically significant and could be as high as 17.6 percent per annum.
These results may suggest that the LMH factor cannot explain the abnormal returns of bond

portfolios sorted by the residual basis.
4.3. Risk or Mispricing?

Given that the LMH factor does not explain the abnormal returns related to the residual basis, we
run a horse-race between the LMH factor and the residual basis in the return regression as

follows,

HPR;tt4k — Treeek = A + B1Basis,esiguatit + B2RATING;  + B3Coupon,;
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+B4SIZE; ¢ + BsAgeir + c1Bukrit + C2Bsmpit T C3BumLit T CaBpErit

+C¢sPrerm,it T CeBLig,it + C7BFLIQ,t T CePrLmu,it T Ept (11)
where HPR; .+« and rs+, are defined in the previous regressions; BasiSresidualii, RATING;,
Couponi;, Sizei:, and Age;; are the residual basis level, credit rating, coupon rate, issue size, and
age of individual bond i or bond portfolio i on day ¢, respectively; fuxri:, PsmB,it, PHML it PDEF, iz
PrerRM,is, PLio.is, and Brrip,i are the beta loadings on the MKT, SMB, HML, DEF, TERM, LIQ, and
FLIQ factors, respectively; and Srumi: is the beta loading on the LMH factor. These betas are
estimated from day #—/80 to day ¢. The factor MKT, SMB, HML, DEF, TERM, and LIQ are the
same systematic risk factors defined in Fama and French (1993) and Lin, Wang, and Wu (2011).
The factor FLIQ is the funding liquidity and is included to control for additional systematic risk
arising from funding constraints (see, e.g., Brunnermeier and Pedersen, 2009). For individual
bonds, we also include a liquidity factor (/ndlig) that is the sum of the turnover of bond i, which
is defined as the total trading volume divided by the total amount outstanding for the bond from
day 20 to day ¢. We run cross-sectional regressions on each day and report the time-series
averages of the estimates of the coefficients in Table 8 (the Fama-Macbeth approach) for both
bond portfolios and individual bonds. Robust Newey-West (1987) t-statistics of coefficients are

reported in brackets.
[Insert Table 8 about Here]

Panel A in Table 8 reports the regression results of the 18 triple-sorted portfolios based on
rating, residual basis, and loading on the LMH factor. Model 1 shows that the loading on the
LMH factor is significantly positive at the 10% significance level (at 0.26), while Model 2 shows
that the residual basis is negatively related to the returns with a coefficient of —0.54 at the 1%

significance level. Model 3, which includes both the residual basis and the LMH loading in the
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same regression, shows that both coefficients are significantly negative at the 10% significance
level. Model 4 includes the loadings of all the existing risk factors, and Model 5 includes all the
bond characteristics as specified in equation (11). The coefficient of the residual basis remains
significantly negative at the 1% significance level across all these models, whereas that of the
LMH factor is not significant at the 10% level. These results suggest that the residual basis

captures the mispricing in corporate bonds rather than a missing risk factor.

The results of five parallel models for individual bonds in Panel B of Table 8 are largely
similar. They show that the coefficients of the residual basis are significantly negative at the 1%
significance level, whereas the coefficients of the LMH factor are only marginally significant at
the 5% or 10% significance level. In summary, our regression results provide consistent evidence

that the abnormal returns of basis portfolios are more likely due to the mispricing of the bonds.

To provide further support for the mispricing interpretation of the abnormal returns from the
residual basis portfolio, we examine whether the observed bonds with a highly negative residual
basis may experience the convergence of the residual basis subsequently. If the residual basis is
due to some missing systematic risk, the residual basis will not necessarily converge to zero.
Figure 1 plots the time series of the residual basis for the quintile bond portfolio with the most
negative residual basis. For each day, we construct the quintile portfolio based on the residual
basis and track the subsequent movement of its residual basis for 300 trading days. We report the
average of the residual basis from the formation date to 300 days after. It is shown that the
residual basis starts around —60 bps and shrinks by half to —30 bps in one day. The residual basis
continues to converge toward zero as time passes. Again, this result indicates that the residual

basis is more closely related to mispricing than to an unknown risk factor.

[Insert Figure 1 about Here]
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5. Robustness Tests

We perform several robustness tests in this section. First, we verify that the predictability of the
basis is not driven by a market microstructure issue. Second, we verify that our results are robust
for both investment- and speculative-grade bonds and CDS. Third, we confirm that our results
are robust even during the recent financial crisis since the literature demonstrates that the credit
markets can be disrupted by the limits to arbitrage. Last, we conduct robustness tests using

alternative empirical measures for our main variables.

5.1. Microstructure Issue

There is potentially a market microstructure issue when we use the last transaction price of the
day without knowing whether it is a bid price or an ask price.!® Suppose the last transaction on
day ¢ is a trade at the bid price, which is a relatively low price (high yield spread); thus, when
used to compute for the basis, it would have a relatively low (more negative) CDS-bond basis.
As this bid price is also used in the computation of future bond returns or the change in CDS
from day 7 to day 7+k, this might create some upward bias in our prediction regression models.
We therefore skip one trading day in constructing the future bond returns and the change in CDS
by using the data from day ¢+/ to day t+k+1. We re-run Table 2 and Table 3 with the new
measures and present the results in Table 9 for bond returns (Panel A) and CDS change (Panel
B). While there is virtually no change in the results for CDS, the predictability of future bond
returns is still statistically significant at the 1% significance level. In economic magnitude, the
return predictability is smaller than that in Table 2. A one standard deviation decrease in

Basisesiaual 18 related to an (annualized) excess return of 1.4% to 1.9% under Model 3.

[Insert Table 9 about Here]

16 We thank the anonymous referee for raising this issue.
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To confirm that our main result in Table 5 is still robust after taking into account the
microstructure issue, we also verify that the negative basis trade is still profitable after skipping
one trading day in measuring the returns and the change in CDS. The results are available in

Appendix Table A.2.

5.2. Investment and Speculative Grade

Given that the literature has shown that investment-grade (IG) and high-yield bonds (HY)
behave very differently in many dimensions, we perform a subsample analysis on these two
groups of bonds separately. For example, Da and Gao (2010) find that the dominant investor
clientele for IG and HY bonds are very different from each other. Acharya, Amihud, and Bharath
(2013) also show that liquidity of the two types of bonds is very different. Moreover, there is
anecdotal evidence that IG bonds are more widely used in basis arbitrage than HY bonds
(Deutsche Bank, 2009; Asquith, Au, Covert, and Pathak, 2013). Table 10 reports the results of
the subsample analysis of the predictability of the residual basis for future bond returns (Panel A)

and CDS spreads (Panel B) in two separate subsamples.

[Insert Table 10 about Here]

Panel A in Table 10 shows that the coefficients of the residual basis are larger for IG bonds
than for HY bonds on average (they range from —1.68 to —2.67 for 1G bonds and from —0.87 to —
1.65 for HY bonds). This implies that a decrease in Basisresiauar Will lead to a higher return
response in IG bonds than in HY bonds. All the other control variables are the same as those in
Table 2. We also test whether the price convergence result is still consistent in the CDS leg.
Panel B in Table 10 shows that the coefficients of the residual basis are statistically significant
for both IG and HY CDS at the 1% significance level, except for the 60-day HY CDS. Like in

the bond return regression, the coefficients of the residual basis are larger for IG CDS than for
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HY CDS on average (they range from —2.34 to —5.33 for IG and from —1.07 to —1.75 for HY). A
one standard deviation decrease in Basis esiaua can lead to about a 20% (12%) change in 1G (HY)
CDS spreads for the subsequent 20 trading days. The higher explanatory power in terms of both
economic and statistical significance of the basis for investment-grade entities is consistent with

the intuition that the investment-grade bonds are more widely used by the basis arbitrageurs.

5.3. Pre-crisis and Crisis Periods

Many studies have shown that the CDS-bond basis experienced dramatic disruption during the
recent financial crisis (e.g., Duffie, 2010; Mitchell and Pulvino, 2012). The basis fell into a
significantly negative range during the crisis. Table 11 reports the subsample analysis of the
predictability of the residual and predicted basis for future bond returns and CDS spreads before
and during the crisis. We split the sample into two periods, before the end of June 2007 and after
June 2007, when the major U.S. brokerage firm Bear Stearns started to uncover significant losses

in its high-grade credit funds.

[Insert Table 11 about Here]

Panel A of Table 11 reports the subsample analysis for corporate bond returns. We find that
both the residual and the predicted basis have stronger predictive power for future bond returns
before the financial crisis. The coefficients of Basis,esiauar become smaller during the crisis period
but remain significantly negative at the 1% significance level. The coefficients of Basispredicied
not only decline during the crisis period but also become statistically insignificant when & gets
larger (e.g., when k=40 and 60) at the 10% level. This result reveals again that Basis esidua 18
superior to Basisprediciea 10 capturing pure mispricing, since arbitrage force should lead to price
convergence. The risky arbitrage interests (derived from Basispredicied), On the other hand, may

not always result in subsequent price convergence, plausibly because of a significant change in

30



the underlying risk during the arbitraging period, which is from day ¢ to #+k. Such a phenomenon
is more likely to occur for a prolonged holding period (when £ is bigger) and during the financial

crisis.

Panel B of Table 11 reports the subsample analysis of CDS spreads. First, we find that the
residual basis has the stronger predictive power for future CDS spreads before the financial crisis,
whereas the predicted basis has almost zero predictability. Second, the predictive power of the
residual basis disappeared almost completely during the financial crisis, especially for longer
holding horizons. The predicted basis, on the contrary, predicted the positive movement in CDS
spread, implying price divergence in the CDS market. These results are consistent with the

anecdotal evidence that the CDS market was greatly disrupted during the financial crisis.

We also perform other robustness tests and report these results in the appendix. For example,
we report the subsample results for both investment- and speculative-grade credit products for
pre-crisis and crisis periods in Appendix Table A.3. We also re-run all the subsample analyses
after taking into account the microstructure issues in Appendix Tables A.4, A.5, and A.6. Last,
we use different empirical proxies for liquidity risk in Appendix Table A.7. Our main results in

Tables 2, 3, and 5 remain robust.

In summary, we find that the residual basis strongly predicts price convergence between the
corporate bond and CDS markets. At the same time, while the predicted basis predicts future
bond returns, it has no impact on future CDS changes. These results are consistent with the
interpretation that the residual basis is a better measure of pure arbitrage opportunity, which
predicts price convergence between the two markets. This finding suggest that CDS improve the

efficiency of the corporate bond market through the arbitrage channel. We also find that basis
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arbitrage works better for CDS of IG firms in normal market conditions when the limits to

arbitrage are less binding.
6. Conclusion

In this study we document a strong relation between the CDS-bond basis and future bond returns.
We find that the residual basis, the part of the CDS-bond basis that cannot be explained by a
wide range of known risk factors, captures mispricing between CDS and corporate bonds.
Arbitrageurs could achieve significant abnormal returns by buying (shorting) bonds with a low
(high) residual basis after controlling for a wide range of systematic factors and bond
characteristics. The residual basis strongly predicts price convergence between corporate bonds
and CDS, with price adjustments mainly occurring in bond markets. These results suggest that
the existence of CDS may help bring the prices of corporate bonds closer to their fundamental

values.

Our study contributes to the current debate over the economic benefits and costs of CDS by
providing robust empirical evidence that CDS may help improve the efficiency of the corporate
bond market through the classical arbitrage channel between derivatives and the underlying
market. The introduction of CDS brings significant benefits to the corporate bond market: (i) by
providing an information advantage, CDS make it much easier to identify mispriced bonds; and

(i1) in their insurance role, CDS reduce the risk of arbitrage by removing the default risk.
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Figure 1. Time Series of Residual Basis for the Most Negative Basis Bonds

This graph plots the time series of the observed residual basis for highly negative basis bonds.
On date 0, we construct a portfolio of bonds with a highly negative CDS-bond residual basis and
compute the portfolio’s residual basis for days subsequent to date 0. Number of days represents

the time difference in days between the portfolio formation date (date 0) and the date on which
the portfolio basis is observed.
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Table 1. Summary Statistics

This table provides summary statistics about the sample firms and bonds used in the analysis from 2003 through
2008. Panel A reports the yearly breakdown of the number of firms and bonds for investment-grade and high-yield
bonds. Panel B reports summary statistics for the key variables. Panel C reports the correlation coefficient matrix of
these variables with the statistically significant numbers in gray. Basis is defined as (CDS spread — Z-spread) on day
t for the individual bond. Basispediciea 1 the predicted component of Basis by the model in Bai and Collin-Dufresne
(2014), and Basisesiauar is computed as (Basis — Basispredicied). Bond Return is the individual bond’s 20-day excess
return from day 20 to day t. CDS Spread is the CDS spread on day ¢ and A(CDS Spread) is the rate of CDS spread
changes from day /20 to day ¢. Rating is a categorical variable ranging from 1 to 20 for all bonds (S&P rating AAA
to CC). We use the S&P ratings whenever available, followed by Moody’s and Fitch’s ratings. Coupon is in
percentage terms. Issue size is the natural logarithm of the issuance amount in billions. Maturity and age are in years.
Indlig is the 20-day cumulative turnover measured as the total trading volume divided by the total number
outstanding. A(CDSlig) is the 20-day change in the number of CDS dealers’ quotes. Stock return is the rate of
changes in stock prices within the past one month. A(Volatility) is the rate of change in stock volatility within the
past one month, where stock volatility is defined as the standard deviation of daily stock returns measured in a 60-
day window. A(Leverage) is the rate of change in market leverage within the past three months, where market
leverage is measured by the book value of total debt divided by the market value of total assets. 4(Size) is the rate of
change in the logarithm of the market value of total assets within the past three months. A(Profitability) is the rate of
change in net income divided by the market value of total assets within the past three months. 4(Cash) is defined as
the rate of change in the cash ratio in the past three months. The cash ratio is defined as the ratio of cash and cash
equivalent divided by the market value of total assets.

Panel A: Yearly Breakdown of the Number of Firms and Bonds

2003 2004 2005 2006 2007 2008 Total
Investment Grade
FIRM 92 133 148 146 123 123 765
BOND 303 472 534 492 424 390 2,615
Obs. 14,086 23,180 33,059 29,017 21,600 20,543 141,485
Speculative Grade
FIRM 32 47 57 50 43 229
BOND 75 136 139 95 94 539
Obs. 1,861 11,354 12,992 7,174 6,226 39,607
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Panel B: Summary Statistics

N MEAN STD MIN MAX
Basis (%) 181,092 -0.05 1.02 -3.30 8.28
Basispredicted 181,092 -0.05 0.84 -4.16 8.44
Basisresidual 181,092 0.00 0.58 -6.77 6.12
Investment Grade
Basis 141,485 -0.30 0.55 -3.30 0.98
Basispredictea 141,485 -0.30 0.40 -3.56 3.37
Basisresidual 141,485 0.00 0.39 -3.00 2.96
Speculative Grade
Basis 39,607 0.81 1.66 -3.30 8.28
Basispredictea 39,607 0.81 1.32 -4.16 8.44
Basisresidual 39,607 0.00 1.01 -6.77 6.12
Bond Return (%) 181,092 0.03 2.63 -9.51 8.40
CDS Spread (%) 181,092 1.53 2.81 0.02 55.65
A(CDS Spread) (%) 181,092 1.83 20.68 -39.22 89.85
Rating 181,092 8.59 3.61 1.00 20.00
Maturity 181,092 9.08 7.66 1.04 29.94
Issue Size 181,092 12.88 0.58 10.82 14.51
Age 181,092 5.72 4.09 0.05 26.06
Coupon 181,092 6.57 1.42 1.95 11.25
Indliq 181,028 0.05 0.06 0.00 1.16
A(CDSiq) 180,850 0.00 0.32 -1.95 1.79
Stock Return (%) 176,465 0.24 9.27 -75.58 172.48
A(Volatility) 176,871 0.10 0.47 -0.96 6.32
A(Leverage) 178,955 0.02 0.84 -0.93 191.99
A(Size) (%) 178,956 0.08 1.32 -12.21 11.37
A(Profitability) 176,580 0.40 7.58 -98.94 216.70
A(Cash) 178,618 0.30 2.48 -1.00 120.46
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Panel C: Correlation Coefficients

(0] @ 3) “) (©) (6) @ ®) ©) (10) an (12) a3) (14) as) (16) an (18)
(1) Basis 1.00
?2) Basispredicted 0.82 1.00
3) Basisresidual 0.57 0.00 1.00
4) Bond Return 0.10 0.02 0.16 1.00
(5) CDS Spread 0.69 0.70 0.19 -0.11 1.00
(6) A(CDS Spread) -0.01 -0.03 0.03 -022 0.09 1.00
) Rating 0.44 0.54 0.00 0.00 0.67 -0.01 1.00
(8) Maturity -0.08 -0.01 -0.12 -0.01 0.09 0.02 0.04 1.00
©) Age 0.07 0.10 -0.03 0.00 0.16 0.00 0.09 0.09 1.00
(10) Coupon 0.17 0.30 -0.14 0.02 0.39 -0.02 0.47 0.19 0.51 1.00
(11) Issue Size -0.05 -0.08 0.04 -0.01 -0.05 0.03 -0.06 0.05 -0.38 -0.07 1.00
(12) Indliq 0.16 0.15 0.06 0.05 0.15 0.01 0.17 0.05 -0.26 -0.01 0.09 1.00
(13) A(CDStiq) 0.00 0.00 0.00 0.02 -0.02 0.04 -0.02 0.00 -0.01 -0.01 -0.01 0.02 1.00
(14) Stock Return 0.07 0.09 -0.01 0.28 -0.07 -0.30 0.02 -0.01 -0.01 0.04 -0.03 0.07 0.00 1.00
(15) A(Volatility) -0.03 -0.03 0.00 -0.06 0.05 0.13 0.01 0.00 0.00 -0.01 0.01 0.04 0.00 -0.05 1.00
(16) A(Leverage) -0.01 0.00 -0.01 0.00 0.01 0.01 0.00 0.00 -0.01 -0.01 0.00 0.01 0.00 -0.01 0.01 1.00
(17 A(Size) 0.01 0.03 -0.02 0.02 -0.09 -0.06 0.00 -0.01 -0.02 0.03 -0.04 -0.01 0.01 0.05 -0.02 -0.06 1.00
(18) A(Profitability) -0.04 -0.03 -0.03 -0.03 0.00 0.03 -0.01 0.02 0.00 -0.01 0.02 -0.04 -0.01 -0.02 0.03 0.00 0.00 1.00
(19 A(Cash) -0.02 0.00 -0.03 -0.01 -0.01 -0.01 0.01 0.01 -0.02 0.02 0.03 0.01 0.00 0.00 0.01 0.02 -0.07 0.01
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Table 2. Predictive Power of Basis for Future Bond Returns

This table reports the predictive power of residual and predicted basis for future bond excess returns from 2003
through 2008. Average daily coefficients and t-statistics are reported for Fama-Macbeth (1973) regressions for
individual bond’s excess returns for k days (k= 20, 40, and 60). The dependent variable is the individual bond’s k-
day excess return from day ¢ to day ¢+k. Basis is defined as (CDS spread — Z-spread) on day ¢ for the individual
bond. Basispredicea 18 the predicted component of Basis by the model in Bai and Collin-Dufresne (2014) and
Basisyesiauar 1s defined as (Basis — BasisSpredicred). Bond Return is the individual bond’s lagged 20-day excess return
from day ¢+ to day ¢. CDS Spread is the CDS spread on day ¢ and A(CDS Spread) is the rate of CDS spread changes
from day +k to day ¢. Rating is a categorical variable ranging from 1 to 20 for all bonds (S&P rating AAA to CC).
We use the S&P ratings whenever available, followed by Moody’s and Fitch’s ratings. Coupon is in percentage
terms. Issue size is the natural logarithm of the issuance amount in billions. Maturity and age are in years. Indliqg is
the k-day cumulative turnover measured as the total trading volume divided by the total number outstanding. The
Newey-West t-statistics are reported in parentheses. *** ** and * denote significance at the 1%, 5%, and 10%
levels, respectively.

Dependent Variabe: Future Bond Return

k=20 k=40 k=60
1 () (3) 1 2 3 1 ()] 3
Basis residual JLETREE 8% RE ] D3%kx JL8HEE | gOEEE | 4THkx D.03REE D 4ERE | J]HEx
[2635]  [2657]  [-23.36] [-1946]  [-19.63]  [-1527] [-1435]  [-1434]  [-12.20]
Basispredicted JL3HEE [ 3gHkE () Ogkkx JLSIRRE 5wk ] [THRx JLSDREE ] 53HkE ] DGkkx
[-12.82]  [-13.06]  [-9.81] [-7.93]  [-806]  [-6.45] [-542]  [5.57]  [-4.84]
CDS Spread 0.42%%%  042%%% (33 0.A48%*%  049%*% (4] 0.55%+%  (.55%%% (), 50%*
[6.33] [6.40] [5.09] [3.84] [3.92] [3.13] [2.99] [3.14] [2.66]
A(CDS Spread) -0.00%%* -0.00%* ~0.00%*
[-3.01] [2.03] [-1.97]
Bond Return 0.26%** 022k Hx -0.16%**
[-23.32] [-10.72] [-5.49]
Rating Q02%K% 0 2%k% Q0% ** Q005 R% 0 15%kx | [*¥x Q0.05%%% L0 16%F%  0.12%*
[-612]  [619]  [4.59] [3.73]  [-3.82]  [-3.00] [2.93]  [3.06]  [-2.33]
Maturity Q0.03%F% Q3% kx  0(3%*x L0.05%FF%  L005%k%  0,04%* 0.07F%%  L0.06%*%  -0.06%*
[387]  [393]  [2.72] [293]  [287]  [232] [2.69]  [2.62]  [-2.43]
Age 0.00 0.00 0.00 0,01 0.01 0.00 20.02 0.02 0,01
[059]  [046]  [-0.32] [[0.65]  [-0.69]  [-0.35] [-0.87]  [0.96]  [-0.69]
Coupon Q02%K% 0 2%k% Q8% ** O.1FER O 1%RF 0,08%** 0.00%%  -0.09%%  0.08%*
[-697]  [7.04]  [4.71] [3.93]  [3.87]  [2.76] [2.54]  [228]  [-2.03]
Issue Size 0.07%%%  (.08%** 0.04 0.10%*  (.10%* 0.07 0.09 0.09 0.07
[2.77] [3.09] [1.56] [1.96] [2.00] [1.33] [1.41] [1.36] [1.07]
Indlig 0.22 0.25 039 0.04 0.01 0.08 2031 0.29 025
[0.54] [0.60] [0.94] [0.10]  [-0.02] [0.19] [0.83]  [0.76]  [-0.68]
N 181,028 181,028 181,028 172320 172320 172,320 163329 163329 163,329
R 031 031 037 041 041 045 0.46 047 0.50
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Table 3. Predictive Power of Basis for Change in Future CDS Spreads

This table reports the predictive power of residual and predicted basis for the rate of change in future individual
CDS spreads from 2003 through 2008. We run Fama-Macbeth (1973) regressions on the change in CDS for the next
k days (k=20, 40, and 60). The dependent variable is the rate of CDS spread changes from day ¢ to day ¢+k. Basis is
defined as (CDS spread — Z-spread) on day ¢ for the individual bond. Basisyredicea 1S the predicted component of
Basis by the model in Bai and Collin-Dufresne (2014), and Basis esiauar 1s computed as (Basis — BasiSpredicied). Bond
Return is the individual bond’s k-day excess return from day % to day . CDS Spread is the CDS spread on day ¢
and A(CDS Spread) is the rate of CDS spread changes from day - to day ¢. 4(CDSlig) is the k-day change in the
number of CDS dealers’ quotes. Stock return is the rate of changes in stock prices within the past one month.
A(Volatility) is the rate of change in stock volatility within the past one month, where stock volatility is defined as
the standard deviation of daily stock returns measured in a 60-day window. A(Leverage) is the rate of change in
market leverage within the past three months, where market leverage is measured by the book value of total debt
divided by the market value of total assets. A(Size) is the rate of change in the logarithm of the market value of total
assets within the past three months. A(Profitability) is the rate of change in net income divided by the market value
of total assets within the past three months. A4(Cash) is defined as the rate of change in cash ratio in the past three
months. The cash ratio is defined as the ratio of cash and cash equivalent divided by the market value of total assets.
The Newey-West t-statistics are reported in parentheses. ***, ** and * denote significance at the 1%, 5%, and 10%
levels, respectively.

Dependent Variabe: Future ACDS

k=20 k=40 k=60
@ @ 3 @ (@) 3 @ (@) 3
Basisresidual 2. 10%FEF D Q7REE D 3Rk S340%kkE ZDTREER 3 Rk Rk S ASKEE A N REE A DYk
[-7.39] [-7.04] [-7.51] [-5.26] [-4.59] [-5.77] [-4.01] [-3.33] [-3.90]
Basispredicted -0.34 -0.12 -0.52 0.65 0.93 0.29 147 1.40 1.20
[-0.44] [-0.15] [-0.68] [0.34] [0.50] [0.16] [0.45] [0.43] [0.38]
CDS Spread -1 82%%* ] 54%* ] Q3kk* S3.38kkEk 3 07F*F -3.80%** -4.67** 4 A5FEF 5 43%**
[-2.84] [-2.40] [-2.90] [-2.72] [-2.49] [-2.85] [-2.51] [-2.24] [-2.72]
A(CDS Spread) -0.10%** -0.09%** -0.11%**
[-5.83] [-4.01] [-3.81]
Bond Return 0.23%** 0.47*** 0.44%*
[4.33] [4.40] [2.09]
A(CDSlig) 0.53 0.61 0.51 -0.72 -0.41 -0.73 -2.01%* -1.24 -1.93%*
[1.17] [1.37] [1.14] [-1.10] [-0.67] [-1.12] [-2.04] [-1.22] [-2.01]
Stock Return -0.22%*k% ) 5%** () 3F*k -0.23%%% 28k *kEk () 24%** -0.24%%% (0 20%*k%k () 5%k **
[-7.16] [-8.13] [-7.40] [-4.51] [-5.60] [-4.83] [-3.95] [-5.02] [-4.40]
A(Volatility) 0.94* 0.94* 0.97* 0.65 1.05 0.68 0.74 0.96 0.70
[1.88] [1.94] [1.94] [0.85] [1.34] [0.88] [0.65] [0.87] [0.61]
A(Leverage) 2.73 2.77 2.80 1.55 2.21 1.69 -0.24 0.77 027
[1.39] [1.41] [1.41] [0.52] [0.74] [0.57] [-0.06] [0.18] [0.06]
A(Size) -0.65%**  .0.66%**  -(,68%** S1.64%FE ] pOFkE ] oTH*E S2.39%EEk D poFEE D 4Rk
[-2.66] [-2.63] [-2.79] [-3.52] [-3.61] [-3.54] [-3.26] [-3.48] [-3.23]
A(Profitability) 0.16 0.26 0.17 0.19 0.35 0.25 -0.08 0.01 0.00
[0.71] [1.17] [0.78] [0.45] [0.84] [0.59] [-0.16] [0.01] [-0.01]
A(Cash) -0.06 -0.08 -0.07 -0.7 -0.74 -0.74 -1.31 -1.27 -1.31
[-0.24] [-0.31] [-0.28] [-1.32] [-1.39] [-1.40] [-1.52] [-1.42] [-1.49]
N 176,580 176,580 176,580 168,133 168,133 168,133 159,445 159,445 159,445
R’ 0.14 0.18 0.14 0.15 0.19 0.16 0.17 0.20 0.18
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Table 4. Abnormal Returns Based on Residual and Predicted Basis

This table reports the average abnormal returns of basis quintile corporate bond portfolios sorted by residual and
predicted basis. For each day, basis portfolios are divided into quintiles by sorting the bonds based on the residual
and predicted basis, and their returns are computed as value-weighted average returns for the next 20 days. Residual
basis is the difference between the basis and the predicted component of basis by the model in Bai and Collin-
Dufresne (2014). Basis is defined as the difference between the CDS spread and Z-spread. “Low-High” indicates the
returns of zero-investment portfolios constructed by longing the lowest basis quintile portfolio and shorting the
highest basis quintile portfolio. Basis quintile portfolios are also constructed by year and several bond characteristics
such as rating, maturity, age, coupon, and issue size. Bonds are first divided by each characteristic (or year) and then
sorted into quintiles based on the residual and predicted basis within each characteristic (or year) group. Rating
groups 1 to 4 are defined for investment-grade bonds with S&P rating AAA, AA, and A to BBB, respectively, and
groups 5 to 7 for high-yield bonds with rating BB, B to CCC, and below, respectively. Maturity groups 1 to 5 are
defined for bonds with 1-3 years, 3—5 years, 5—7 years, 7-10 years, and more than 10 years to maturity, respectively.
Age groups 1 to 5 are defined for bonds that are less than 3 years, 3—5 years, 5-7 years, 7—10 years, and more than
10 years old. Coupon groups 1 to 5 represent bonds with an annual coupon of 0-5.5, 5.5-6.5, 6.5-7, 7-8, and more
than 9 percent. Issue size groups 1 to 5 represent bonds with an issuance amount of 0-0.2, 0.2-0.3, 0.3-0.5, 0.5-0.6,
and more than $0.6 billion. Bonds are sorted on the residual basis (BasiS,esiquar) in Panel A and the predicted basis
(Basispredicied) in Panel B. Basis is defined as (CDS spread — Z-spread) for the individual bond. Basisprediciea 1 the
predicted component of Basis by the model in Bai and Collin-Dufresne (2014), and Basis;esiaua is computed as (Basis
— Basispredicea).  ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.
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Panel A: Residual Basis as Trading Signal

Panel B: Predicted Basis as Trading Signal

Returns
Low 2 3 4 High Low-High
All Firms 1.58%** 0.96* ** 0.61%*** 0.20%** -0.21%* 1.79%**
2003 1.98%** 0.65%** 0.62%** 0.24%* -0.19 2.17%%*
2004 1.71%%* 0.94% %% 0.61%%* 0.24% %% -0.04 1.76%%*
2005 1.22%%* 0.93% %% 0.54%%* 0.26%* -0.29 1.5]%%*
Year 2006 1.76%** 1.86%** 1.26%%* 0.89%** 0.95%** 0.80%**
2007 2.27H** 1.76%** 1.46%** 1.05%** 0.38%** 1.89%**
2008 1.48%** 0.81%** 0.28%* -0.12 -0.67%* 2.15%%*
1 1.64%** L.O7#%* 0.25%%* 0.01 -0.11 1.75%%*
2 1.26%** 0.77%%* 0.41%%* 0.17%* -0.16%* 1.42% %%
3 1.93%** 1.07%%* 0.69%** 0.40%** -0.16%* 2.10%**
Rating 4 1.88%** 0.97*%*%* 0.72%%* 0.33%*%* -0.33%** 222 %%
5 0.40 0.10 -0.02 0.10 -0.50 0.90%**
6 1.05%** 0.61%** 0.44%* 0.12 -0.43 1.48% %%
7 1.25%** 0.20 -0.56 -0.55 -0.29 1.54%**
1 1.03%** 0.36%** 0.15%%* -0.06 -0.32%%* 1.35%**
2 1.17%%* 0.62%** 0.36%** 0.20%** -0.28%* 1.45%%*
Maturity 3 1.43%%* 0.85%** 0.55%%* 0.43%** -0.07 1.50%**
4 1.51%** 1.19%%* 0.81%%* 0.55%** 0.08 1.43%%*
S 2.09%** 1.59%** 1.02%** 0.63%** 0.03 2.06%**
1 1.50%** 115%%* 0.73%%* 0.34% %% -0.19%* 1.69%**
2 1.55%** 0.85%%%* 0.47%%* 0.31%** -0.01 L.57%%*
Age 3 1.58%*** 0.97*** 0.53%%%* 0.28%** -0.27%%* 1.85%**
4 1.57%%* 0.96%** 0.38*** 0.01 -0.42%%* 1.99%**
5 1.74%** 1.14%%* 0.63%** 0.26* -0.48%* 2.22%**
1 1.42%%* 0.87%%* 0.59%** 0.33%*%* -0.20%* L61***
2 1.70%** 1.00*** 0.66%** 0.36%** -0.23%%* 1.93% %%
Coupon 3 1.79%** 1.09%** 0.75%%* 0.34%%%* -0.19%** 1.97%**
4 1.58%** 1.04%** 0.52%%* 0.18%* -0.28%* 1.86%**
5 1.53%** 0.74%** 0.45%** -0.08 -0.24 1.77%%*
1 1.50%** 0.68%** 0.26* -0.24 -0.71%* 2.20%**
2 1.83%** 1.10%** 0.58%%* 0.08 -0.30%* 2.13%%*
Issue Size 3 1.51%%* 0.91*** 0.55%** 0.30%** -0.17* 1.67***
4 1.21%%* 0.71%%* 0.44%%* 0.23%** -0.22% 1.43%%*
5 1.62%** L1]%%* 0.77%%* 0.43%** -0.10 1.72% %%
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Returns
Low 2 3 4 High  Low-High
All Firms 0.89%**  (.78%**  (.70%**  (.55%** 0.22* 0.67***
2003 0.93%**  .74%**  0,66%¥**  0.67**¥*  038FF*  (.55%**
2004 0.85%** — .79%** (. 75%%*%  Q61***  046%*F*  (.39%**
2005 0.70%*%  0.65%**  0.70%**  (.55%** -0.08 0.78%*
Year 2006 1.36%%* [ 44%*% ] 4Q%RF* ] 0¥F* ] 3gF*F -0.01
2007 LL68*** ] 53k*k ] 5pkkk ] 3wk 0.57%* LITH**
2008 0.60%** 0.34%* 0.30* 0.19 0.28 0.32
1 0.48%*%  .52%**  (33%**k  (7*¥*  (75H* -0.26
2 0.40%*% 0. 42%**  (39%**  (S54%x*  5@kk* (. ]9F*
3 0.95%*%  Q89%** (. 79%**  (72%**  (.60%*F*  (.35%**
Rating 4 LOG***  Q.72%*%  70%**  (.54%** 0.34%* 0.73%%*
5 025 0.18 0.10 -0.10 -0.35 0.60*
6 0.50%* 0.53%* 0.53%* 0.34 0.09 0.41
7 -0.26 -0.26 0.04 0.33 -0.12 -0.14
1 0.44%*%  024%**  (,]5%** 0.08 0.08 0.36%%*
2 0.69%** 0. 46%**  (039%**  (20%** 0.13 0.56%**
Maturity 3 0.80%**  (.75%**  0.64¥**  (.55%** 0.16 0.64%%*
4 0.97**%  095%**  (.85%**  (74%x*  52kk*  (45¥**
5 1.30%%*  125%*% 1 J9Fk*  1.00*** 0.26 1.05%%*
1 0.98%** .83 %**  (.82%**  (0.66***  39%F*  (59%**
2 0.86%**  (.72%**  0.64%**  (0.44%** 0.34%* 0.52%%*
Age 3 0.88%**  0.69%**  0.68%**  (.53*** 0.22 0.66%**
4 0.77%*%  0.59%**  (.59%**  (25%** 0.09 0.69%%**
5 0.85%** — 0.04*%**  (.88***  (45k** -0.13 0.98%%**
1 0.85%*%  Q.64%**  (.55%%*  (44%x% Q440K *  040%**
2 0.85%** — Q71%** (. 73%%*  (Q60%**  049%F*  (36¥**
Coupon 3 1.04%**  Q81%**  (.74%*k*  (0,62%** 0.24* 0.81%**
4 0.71%*%  Q71%**  0.76%**  Q5]*** 0.06 0.65%%*
5 0.66%** — (.70%**  (.59%** 0.19 -0.13 0.78%%*
1 0.62%* 0.52%%* 0.35%* 0.09 -0.13 0.75%%*
2 0.78%*%  0.93***  (.69%**  (0.56%** 0.12 0.66%%**
Issue Size 3 0.89%**  0.69%**  0.68%**  (.49*** 0.31%* 0.58%%*
4 0.68%**  (.68%**  (.53%**  (36*** -0.01 0.70%%**
5 0.94%** — .89%**  (.82%**  (Q.65**¥*  Q.5]Fk*  43%**




Table 5. Excess Returns of a Negative Basis Trade

This table presents the excess returns of a strategy of buying negative CDS-bond basis bonds and buying insurance
through CDS for the k-day holding period (k=20, 40, and 60). On day ¢, we form the quintile portfolio based on
bond’s residual basis and measure the excess returns on both bond and CDS from day ¢ to #+k. Only the results for
the highest negative quintile are reported. Residual basis is the difference between the basis and the predicted
component of basis by the model in Bai and Collin-Dufresne (2014). Basis is defined as the difference between the
CDS spread and Z-spread. Realized excess bond returns are computed as the bond’s HPR, defined in equation (3), in
excess of risk-free rates. Realized excess CDS returns are approximated using the difference in CDS spreads
between day ¢ and 7+k, multiplied by the value of a defaultable T-year annuity where T is the CDS maturity.
Number of bonds is the number of bonds included in the portfolio. For each bond, there is a corresponding CDS.
The Newey-West t-statistics are reported in parentheses. ***, ** and * denote significance at the 1%, 5%, and 10%

levels, respectively.

Residual Excess Return (%) Number of .
. Observations
k Basis (%)  Bond CDS Bonds
0.92%** 0.19%**
20 -0.71 30 1,204
[16.70] [5.77]
0.94%** 0.37%%*
40 -0.68 29 1,192
[10.41] [7.10]
0.83%** 0.64%***
60 -0.64 27 1,174
[7.76] [9.45]
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Table 6. Summary Statistics of Bond Market Factors

This table provides summary statistics for our residual basis factor (LMH) as well as well-known systematic risk
factors for the corporate bond market. Basis factor is constructed using double-sorted bond portfolios: bonds are
independently sorted by credit rating and residual basis. Residual basis is the difference between the basis (which is
the difference between CDS spread and Z-spread) and the predicted basis using the model in Bai and Collin-
Dufresne (2014). We divide bonds into two rating groups, investment grade (IG) and high yield (HY). Bonds are
also grouped into three basis portfolios (L, M, or H) based on the residual basis. Six portfolios (IG/L, IG/M, IG/H,
HY/L, HY/M, HY/H) are formed as the intersections of the two rating groups and three basis groups. The basis
factor, LMH (Low minus High), is defined as the return differential between low residual basis portfolio and high
residual basis portfolio, i.e., IG/L+HY/L)/2 — (IG/H+HY/H)/2. MKT, SMB, and HML are the Fama-French (1993)
three factors. TERM is the difference between the daily return of the 10-year-to-maturity government bond index
and the daily T-bill return. DEF is the difference between the daily return of the Lehman investment-grade bond
index and the daily 10-year-to-maturity government bond from CRSP. LIQ is the Amihud (2002) bond market
liquidity risk factor. We report the summary statistics on factor returns in Panel A and their correlations in Panel B.
Panel C reports the ex post Sharpe Ratio.

Panel A: Mean and S tandard Deviations of Factor Returns

Rating/Basis
Rwm-Rr SMB HML DEF TERM LIQ LMH IG/L IG/M IG/H HY/L HY/M HY/H
Avg. -0.41 -0.01 0.30 -0.63 -1.89 -0.09 0.84 0.42 -0.13 -0.61 0.05 -0.44 -0.59
Std. dev. 4.94 2.06 2.10 253 2.94 1.32 1.06 1.67 1.44 1.16 2.59 2.54 2.87
t(Avg.) -2.39 -0.11 4.08 -7.09 -18.40 -2.06 22.48 7.27 -2.59 -14.98 0.51 -4.98 -5.93
Panel B: Corleation Among Factors
LMH MKT SMB HML DEF TERM LIQ
LMH 1.00
MKT 0.14%%* 1
SMB 0.04 0.42%%* 1
HML -0.08%*  0.18%**  0.206%** 1
DEF O.17%%* (. 79%**  (.28%** 0.03 1
TERM  020%**  -Q.17%**  -0.08%*  -0.13%** _027*%* 1
LIQ 0.02 0.57%**%  0.20%**  Q.16***  0.57**  0.07** 1
Panel C: Ex post Sharpe Ratio
Portfolio weights Ex post tangency portfolio
MKT SMB HML DEF TERM LIQ LMH Awe.  Std Dev. Shaﬁ‘,"e
ratio
1.00 0.40 2.95 0.15
0.29 0.00 0.71 0.43 1.46 0.29
0.28 0.04 0.68 0.00 0.00 0.42 1.42 0.29
0.00 0.00 0.02 0.00 0.00 0.98 0.80 0.81 0.98
0.00 0.00 0.02 0.00 0.00 0.47 0.51 0.80 0.56 1.42
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Table 7. Residual Basis Factor LMH as a Systematic Risk Factor

The table reports time-series regressions for the returns of basis portfolios on existing systematic risk factors for
corporate bonds. The six portfolios are double-sorted by two credit rating groups (IG for investment-grade bonds
and HY for high-yield bonds) (rating) and three residual basis groups (L for low, M for medium, H for high)
(Basisyesianar). The value-weighted average returns for the next 20 days are computed for each portfolio (Eref). MKT,
SMB, and HML are the Fama-French (1993) three factors and TERM is the difference between the daily return of the
10-year-to-maturity government bond index and the daily T-bill return. DEF is the difference between the daily
return of the Lehman investment-grade bond index from Datastream and the daily 10-year-to-maturity government
bond return from CRSP. LIQ is the market liquidity risk factor in Amihud (2002). Panel A reports the regression
results for the six-factor model and Panel B reports the results for a seven-factor model with the basis factor LMH
added. In Panel C, each of the six portfolios is further divided into three portfolios (L, M, and H) based on
preformation LMH loading estimated over the past 180 days (Loading). The regression results with 18 triple-sorted
portfolios are reported in Panel C. ***  ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

Panel A: Six-Factor Model Double-Sorted Portfolios on Rating and Basis

Rating/Basis  Rating  Basisresidual Eret Intercept MKT SMB HML DEF TERM LIQ R
3 %k * k% — 3k 3k %k % %k
IGL 731 041 042 1.50 0.04 0.01 0.01 0.39 0.43 0.00 078
[9.97] [1.99] [-0.41] [0.30] [8.1] [8.51] [0.09]
0.77*** 0.03 -0.01 0.01 0.32%*%  (.36%** 0.11%*
745 0.02 -0.13 0.69
1M [7.86] [1.61] [-0.36] [0.26] [7.14] [12.8] [2.04]
0.04 0.02 0.00 0.03 0.23%**  (.26%** 0.14%*
IGH 6.95 0.38 -0.61 0.60
[0.41] [1.23] [-0.01] [1.21] [5.63] [9.68] [2.36]
0.34 0.25%** 0.06 0.21%%*  (.38%** 0.01 -0.11
HY/L 13.94 -0.98 0.05 0.67
[1.6] [5.44] [1.05] [3.09] [5.16] [0.18] [-0.83]
~ kK * % * 3k _
HY/M 13.88 038 oM 0.21 0.17 0.07 0.12 045 0.05 0.02 0.56
[-0.97] [3.13] [1.06] [2.03] [5.72] [-0.64] [0.17]
~ PETY * % *kk _
HY/H 1425 078 059 0.36 0.19 0.04 0.23 041 0.02 0.04 067

[-138]  [3.14] [037] [2.09] [315]  [-030]  [034]

Panel B: Seven-Factor Model for Double-S orted Portfolios on Rating and Basis

Rating/Basis  Rating  Basisresidual Eret Intercept MKT SMB HML DEF TERM LIQ LMH R
%k %k & — 3% 3k %k % %k k%
IGL 731 041 042 1.36 0.03 0.01 0.01 0.38 0.42 0.02 0.14 079
[7.63] [1.62] [-0.43] [0.41] [7.98] [8.21] [0.47] [2.36]
0.80%** 0.03 -0.01 0.01 0.32%*%  (.36%** 0.11%* -0.02
745 0.02 -0.13 0.69
1M [7.06] [1.64] [-0.36] [0.23] [7.30] [12.1] [2.02] [-0.60]
0.15 0.03 0.00 0.03 0.24%*% . 27*%* 0.13%*  -0.10%**
IGH 6.95 0.38 -0.61 0.61
[1.47] [1.45] [0.00] [1.20] [6.42] [9.62] [2.23] [-2.74]
-0.25 0.23%*%* 0.06 0.22%%*  (35%** -0.05 -0.03 0.55%**
HY/L 13.94 -0.98 0.05 0.75
[-0.98] [5.07] [0.94] [3.11] [4.41] [-0.76] [-0.26] [4.85]
- % %k % 3% %k 3k 3k %k — -
HY/M 13.88 038 oM 0.17 0.17 0.07 0.12 0.46 0.05 0.01 0.04 056
[-0.65] [3.12] [1.06] [2.02] [5.86] [-0.56] [0.11] [-0.41]
%k %k % %k %k % ok 3k %k 3k 3k %k - - 3% 3k %k
HY/H 1425 078 059 0.96 0.24 0.05 0.20 0.49 0.11 0.14 122 0.80

[2.99] [4.72] [0.72] [2.82] [530] [135] [-127]  [-8.68]
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Panel C: Seven-Factor Model Triple-Sorted Portfolios on Rating, Basis, and Factor Loading

Ra“';f;ﬁl ags‘s”“ Rating  Basisresidual Loading  Eret  Intercept MKT  SMB HML DEF  TERM  LIQ LMH R
L4775 0.00 003 005 048%F*  044FtF 007 0257%*
7.61 042 044 0.52 0.77
IGLL 5221 [007]  [069]  [196]  [732]  [566]  [0.82]  [331]
1390+ 004 0,01 002 037#%*  037*%* 000 0.09
IGLM 7.7 040 0.04 0.38 0.71
8.62]  [142]  [055]  [063]  [738]  [797]  [0.09]  [1.44]
L4k 002 0.07 001  044%%*  042%%* 007 0.07
IGL/H 8.00 043 0.54 0.26 0.73
6611 0711  [147]  [022]  [806]  [735]  [-1.07]  [081]
0.94%%% 0,02 0.05 002 043***  040%** 008 0.00
IG/M/L 742 0.02 034 022 0.66
573 [061]  [L11]  [063]  [724]  [988]  [1.05]  [0.08]
% sk ok - EE T Kok ok -
MM . 003 000 oo 087 0.03 0.01 002 031 0.33 0.08 0.04 061
[848]  [1.62]  [037]  [063]  [747]  [128]  [147]  [-094]
0.82%%%  0,04* 0,01 002 032%%*  037*%*  O11*% 002
743 0.38 037 033 0.70
1GWH 5221 [191]  [050]  [L04]  [864]  [947] 23] [-029]
020 0,01 0,04 003 028%%*  027FF*  014%  0.12%
IGH/L 7.08 0.38 031 077 0.53
[145]  [059]  [095  [093]  [603]  [727]  [L93]  [-2.13]
031%¥% % 002 0.00 001  022%%*  026%%*  (I2%%  0.08%*
IGHM 6.63 0.39 0.00 0.55 0.51
[2.8] [L11]  [000]  [061]  [573]  [864] (233  [-210]
ok 3k koo Kk ok * - ok
— b 034 030 o 0.08 0.02 002 010 0.24 0.26 0.16 0.11 061
0611  [L12]  [072]  [348]  [398]  [7.30]  [196]  [-2.00]
015 023*** 007 0.13*  031*** 013 017 0.40%**
HY 1421 0.74 0.63 042 0.70
/L [033]  [505]  [098]  [L80]  [260]  [-098]  [0.86]  [3.89]
020 O.I6%%* 005 020%%%  045%%* 004 017 071%x
HY/LM 13.65 0.83 0.07 048 0.68
[070]  [415]  [086]  [3.03] [5.7] 055  [LOS]  [556]
027 026%%* 010 029%%*  040%** 001 014 048*
HY/L/H 14.11 0.84 0.64 077 0.71
[093]  [378]  [086]  [364]  [322]  [013]  [-140]  [1.94]
N * N 3k ok N 4 |
— 1393 00 098 001 004 016 0.02 017 052 0.12 0.02 031 06
[006]  [193]  [022]  [161]  [431]  [074]  [-013]  [-L16]
024 0.10* 010 0.19%%*  050%%* 002 002 024%x
1377 0.01 0.15 0.64 0.58
HYMM LLI1S]  [184]  [149]  [381]  [586]  [025]  [0.12]  [2.39]
067FF  016** 004 025%F%  059%F  016* -1l 0.04
HY/MH 14.18 0,01 0.53 134 0.58
[243] 2271 [041] [292]  [363]  [182]  [-0.78]  [023]
L50¥*  022%%% 012 027¢%*  0.64%** 010 007 -18I#*
HY/H/L 148 092 -1.55 1,09 0.77
240  [3.04]  [1.03]  [264]  [490]  [067]  [-042]  [-6.16]
0.84%%  Q.I8%¥* 005  027¢¥*  053FXr 012 027FF  _L12%*x
HY/HM 1401 0.77 039 1.02 0.77
215 [346]  [059]  [398]  [520]  [1.34]  [-240]  [-568]
ok ok N ok K * N N * Kk
— 1463 069 048 6 026 024 0.05 0.14 046 0.07 011 057 079
[122]  [451]  [082]  [152]  [578]  [1.69]  [-115]  [-4.14]
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Table 8. Risk or Mispricing? Explanatory Power of Residual Basis and Basis Factor LMH

This table presents the estimated coefficients of Fama-MacBeth (1973) regressions of bond returns on bond
characteristics and risk factor loading. In Panel A, returns of 18 triple-sorted portfolios (2x3%3) based on two rating
categories (IG, HY), three residual basis groups (L, M, H), and three preformation LMH loading groups (L, M, H)
are regressed on each portfolio’s basis (Basisprediciea and Basisesiava), Other bond characteristics (Rating, Coupon,
Size, Age, Indliq), and risk factor loading (betas of MKT, SMB, HML, DEF, TERM, LIQ, FLIQ, and LMH factors).
Basis is defined as (CDS spread — Z-spread) for the individual bond. Basisprediciea 1s the predicted component of
Basis by the model in Bai and Collin-Dufresne (2014) and Basis esiauar is defined as (Basis — BasiSpredicied). Rating is a
categorical variable ranging from 1 to 20 for all bonds (S&P rating AAA to CC). We use the S&P ratings whenever
available, followed by Moody’s and Fitch’s ratings. Coupon is in percentage terms. Issue size is the natural
logarithm of the issuance amount in billions. Age is in years. /ndliq is the 20-day cumulative turnover measured as
the total trading volume divided by the total number outstanding. Suxr, Bswus, fumi, Poer, Brerv, Prio, Prrio and Brym
is betas of MKT, SMB, HML, DEF, TERM, LIQ, FLIQ, and LMH respectively. MKT, SMB, and HML are Fama-
French (1993) three factors. DEF is the difference between the daily return of the Lehman investment-grade bond
index return from Datastream and the daily 10-year-to-maturity government bond return from CRSP. TERM is the
difference between the daily return of the 10-year-to-maturity government bond index and the daily T-bill return.
LIQ is the market liquidity risk factor in Amihud (2002). FLIQ is the funding liquidity risk factor proxied by TED,
the average of the 3-month uncollateralized LIBOR rate minus the 3-month T-bill rate. The basis factor, LMH (Low
minus High), is defined as the return differential between the low residual basis portfolio and the high residual basis
portfolio, i.e., (IG/L+HY/L)/2 — (IG/H+HY/H)/2. The results for individual bond returns are reported in Panel B.
*x% k% and * denote significance at the 1%, 5%, and 10% levels, respectively.

Panel A: Portfolio-level Regression

Dependent Variable: Bond Return

Basisresidual ~ Rating Coupon Size Age Indliq PyKT BsmB PamL PoEFR BTERM BLiQ PrLIQ Py
0.26%
Modell
ode [1.66]
-0.54%**
Model2
ode [-4.46]
~ ¢ % 5k - *
Models 0% 043
[-5.25] [-1.83]
Modeld  ~080%** 043 1.04%* 0.83 -037 0.77 0.14 0.17 0.14
[-6.15] [-0.42] [2.28] [-1.04]  [-0.86] [1.37] [0.46] [1.28] [-0.85]
Models  079%** 0.04 0.03 0.03 0.05 0.59 1.18 0.94* 020 0.45 0.85 0.08 0.09 -0.04
[-5.51] [097]  [-033] [0.22] [0.71] [0.26] [0.68] [1.79] [-0.34] [0.63] [1.20] [0.20] [0.58] [-0.22]
Panel B: Bond-level Regression
Dependent Variable: Bond Return
Basisresidual  Rating Coupon Size Age Indliq BmkT BsmB BumL BoEr BrERM BLiQ BrLiQ BLvu
Modell 016
[-1.08]
-0.78%**
Model2
ode [7.18]
-0.87%** -0.27*
Model3
ode [-11.06] [-1.87]
Modeld -0.75%** -1.30 -0.16 -0.29 -0.76* -0.38%** -0.29 0.15* -0.31%*
[-11.77] [-149]  [-050]  [0.75]  [-1.81]  [845]  [-1.07] [1.83] [-2.42]
Models -0.79%** -0.03 -0.01 0.04 -0.03 0.93 -0.79 -0.21 -0.14 -0.50 -0.34%** -0.22 0.15* -0.28%*
[-11.65] [-139]  [-051] [0.91] [-1.27] [1.42] [[1.03]  [067] [042]  [132]  [7.79]  [-0.83] [1.86] [-2.18]
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Table 9. Robustness Test for Market Microstructure

This table reports the predictive power of residual and predicted basis for future bond returns and CDS from 2003
through 2008 after taking into account the market microstructure. Average daily coefficients and ¢-statistics are
reported for Fama-Macbeth (1973) regressions for individual bond’s excess returns for & days (4=20, 40, and 60).
The dependent variable in Panel A is the individual bond’s k-day excess return from day ¢+/ to day ¢+/+k. Basis is
defined as (CDS spread — Z-spread) on day ¢ for the individual bond. Basisprediciea 1S the predicted component of
Basis by the model in Bai and Collin-Dufresne (2014) and BasiSresiaua 1s defined as (Basis — BasiSpredicied). Bond
Return is the individual bond’s lagged k-day excess return from day ¢~k to day ¢. CDS Spread is the CDS spread on
day ¢ and 4(CDS Spread) is the rate of CDS spread changes from day —k to day ¢. Rating is a categorical variable
ranging from 1 to 20 for all bonds (S&P rating AAA to CC). We use the S&P ratings whenever available, followed
by Moody’s and Fitch’s ratings. Coupon is in percentage terms. Issue size is the natural logarithm of the issuance
amount in billions. Maturity and age are in years. Indlig is the k-day cumulative turnover measured as the total
trading volume divided by the total number outstanding. The dependent variable in Panel B is the rate of CDS
spread changes from day ¢+ to day ¢+k+1. A(CDSlig) is the k-day change in the number of CDS dealers’ quotes.
Stock return is the rate of changes in stock prices within the past one month. A(Volatility) is the rate of change in
stock volatility within the past one month, where stock volatility is defined as the standard deviation of daily stock
returns measured in a 60-day window. A(Leverage) is the rate of change in market leverage within the past three
months, where market leverage is measured by the book value of total debt divided by the market value of total
assets. 4(Size) is the rate of change in the logarithm of the market value of total assets within the past three months.
A(Profitability) is the rate of change in net income divided by the market value of total assets within the past three
months. 4(Cash) is defined as the rate of change in cash ratio in the past three months. The cash ratio is defined as
the ratio of cash and cash equivalent divided by the market value of total assets. The Newey-West t-statistics are
reported in parentheses. ***, ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

Panel A: Predictability of Future Bond Returns
Dependent Variabe: Future Bond Return

k=20 k=40 k=60
(6] 2 3 (0] 2 3 @ ()] 3
Basisresidual S0.21%%*  LQ20%*k*  (23*** -0.35%** (0. 34%*k* (0 35%** S047FF* 047 FEF* 0, 50%**
[-5.18] [-5.14] [-5.68] [-4.83] [-4.75] [-4.27] [-4.13] [-4.08] [-4.06]
Basispredicted -0.13 -0.12 -0.16* -0.24 -0.24 -0.27 -0.20 -0.23 -0.29
[-1.37] [-1.32] [-1.87] [-1.18] [-1.18] [-1.44] [-0.66] [-0.73] [-1.02]
CDS Spread 0.11 0.11 0.11 0.18 0.20 0.18 0.21 0.22 0.24
[1.52] [1.60] [1.61] [1.24] [1.38] [1.30] [0.92] [1.01] [1.11]
A(CDS Spread) -0.00%** -0.00%* -0.00%*
[4.01] [-2.26] [-2.22]
Bond Return 0.01 0.00 0.03
[1.32] [0.19] [1.01]
Rating -0.05%* -0.05%* -0.05%* -0.10%* -0.11%* -0.09%* -0.11* -0.12* -0.11%*
[-2.49] [-2.52] [-2.49] [-1.96] [-2.12] [-1.98] [-1.71] [-1.90] [-1.74]
Maturity -0.01 -0.01 -0.01 -0.02 -0.02 -0.03 -0.04 -0.04 -0.04
[-0.78] [-0.79] [-0.84] [-1.11] [-1.05] [-1.22] [-1.37] [-1.31] [-1.44]
Age -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.02 -0.02 -0.02
[-1.03] [-0.98] [-0.92] [-0.79] [-0.90] [-0.64] [-0.93] [-0.97] [-0.75]
Coupon 0.01 0.01 0.00 0.02 0.02 0.02 0.03 0.04 0.02
[0.26] [0.32] [-0.00] [0.60] [0.69] [0.54] [0.66] [0.89] [0.34]
Issue Size 0.02 0.02 0.02 0.07 0.08 0.07 0.04 0.03 0.06
[0.34] [0.50] [0.47] [0.70] [0.78] [0.75] [0.35] [0.26] [0.52]
Indliq -0.58 -0.60 -0.59 -0.45 -0.41 -0.43 -0.53 -0.49 -0.58
[-1.41] [-1.51] [-1.43] [-0.88] [-0.81] [-0.81] [-0.93] [-0.85] [-1.01]
N 169,213 169,213 169,213 127,196 127,196 127,196 121,261 121,261 121,261
R 0.21 0.21 0.22 0.34 0.34 0.35 0.41 0.41 0.42
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Panel B: Predictability of Future Change in CDS

Dependent Variabe: Future ACDS

k=20 k=40 k=60
@ (@) 3 @ ()] 3 @ 2 3
Basisresidual S1O1F*E ] 84EHk D TR S3.20% %k L3 3Fxk 3 G4k S4.33%*E 4 (pFF* 4 3kk*
[-5.31] [-4.98] [-5.77] [-4.36] [-3.93] [-4.97] [-3.36] [-2.81] [-3.58]
Basispredicted 0.02 0.30 -0.16 245 2.60 2.02 291 2.20 232
[0.02] [0.31] [-0.16] [1.09] [1.17] [0.94] [0.77] [0.61] [0.63]
CDS Spread -1.90%** -1.70%* -2.02%* -3.73%* 3.44%% 4 Q3kKkE -4.77** -4.58%% 5 58k
[-2.50] [-2.20] [-2.55] [-2.53] [-2.28] [-2.69] [-2.43] [-2.14] [-2.60]
A(CDS Spread) -0.06% ** -0.08%** -0.12%**
[-2.79] [-3.50] [-3.39]
Bond Return 0.26%** 0.53%** 0.67%*
[4.25] [4.12] [2.45]
A(CDSliq) 1.04 0.93 0.96 -1.68 -1.31 -1.63 -3.63%* -2.70%* -3.49%*
[1.48] [L41] [1.37] [-1.63] [-1.38] [-1.56] [-2.30] [-1.78] [-2.28]
Stock Return S0.21%**  (22%** () 22%** S0.23%**k (27 ** (). 24%** -0.23%%  L0.30%**k  (.25%**
[-5.17] [-5.38] [-5.54] [-2.99] [-3.67] [-3.32] [-2.42] [-3.13] [-2.68]
A(Volatility) 0.98 0.84 1.00* 1.71* 2.31%* 1.81* 0.95 1.44 0.95
[1.60] [1.47] [1.66] [1.79] [2.31] [1.87] [0.68] [1.03] [0.67]
A(Leverage) 2.30 2.23 2.30 2.00 2.65 2.39 2.16 2.07 2.63
[0.91] [0.89] [0.91] [0.47] [0.63] [0.57] [0.35] [0.33] [0.44]
A(Size) -0.92%** (. 88*F** (. 97F** D2THEFE - DJEREE D DOEREX S2.92%%k  JD(pkEE D QPR Ak
[-2.76] [-2.64] [-3.02] [-3.55] [-3.70] [-3.56] [-3.08] [-3.35] [-3.18]
A(Profitability) 0.14 0.22 0.24 -0.06 0.12 -0.02 -0.15 0.14 -0.13
[0.40] [0.63] [0.70] [-0.08] [0.17] [-0.03] [-0.20] [0.18] [-0.16]
A(Cash) 0.07 -0.03 0.02 -0.96 -1.11 -1.01 -2.04 -1.95 -2.00
[0.15] [-0.06] [0.05] [-1.00] [-1.12] [-1.06] [-1.62] [-1.41] [-1.53]
N 113,297 113,297 113,297 107,331 107,331 107,331 101,354 101,354 101,354
R 0.17 0.20 0.17 0.18 0.22 0.19 0.20 0.23 0.21
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Table 10. Predictive Power of Basis for Price Convergence: IG and HY

This table reports robustness tests for the predictive power of residual and predicted basis for future bond returns and CDS spreads from 2003 through 2008 for
two subsamples based on credit ratings such as investment grade (IG) and speculative grade (HY). The dependent variable in Panel A is the future bond return
from day ¢ to day ¢+k (k=20, 40, and 60). Basis is defined as (CDS spread — Z-spread) on day ¢ for the individual bond. Basispyredicrea 1 the predicted component of
Basis by the model in Bai and Collin-Dufresne (2014), and Basisesiduar is computed as (Basis — BasiSpredicied). Bond Return is the individual bond’s lagged k-day
excess return from day % to day t. CDS Spread is the CDS spread on day ¢, and A(CDS Spread) is the rate of CDS spread changes from day #-k to day ¢. Rating
is a categorical variable ranging from 1 to 20 for all bonds (S&P rating AAA to CC). We use the S&P ratings whenever available, followed by Moody’s and
Fitch’s ratings. Coupon is in percentage terms. Issue size is the natural logarithm of the issuance amount in billions. Maturity and age are in years. Indliq is the k-
day cumulative turnover measured as the total trading volume divided by the total number outstanding. The dependent variable in Panel B is the change in CDS
spread from day ¢ to day ¢+k. A(CDSlig) is the k-day change in the number of CDS dealers’ quotes. Stock return is the rate of changes in stock prices within the
past one month. 4(Volatility) is the rate of change in stock volatility within the past one month, where stock volatility is defined as the standard deviation of daily
stock returns measured in a 60-day window. A(Leverage) is the rate of change in market leverage within the past three months, where market leverage is
measured by the book value of total debt divided by the market value of total assets. A(Size) is the rate of change in the logarithm of the market value of total
assets within the past three months. A4 (Profitability) is the rate of change in net income divided by the market value of total assets within the past three months.
A(Cash) is defined as the rate of change in cash ratio in the past three months. The cash ratio is defined as the ratio of cash and cash equivalent divided by the
market value of total assets. “Investment Grade ACDS” and “Speculative Grade ACDS” subsamples refer to the future change of CDS with different credit

ratings. The Newey-West t-statistics are reported in parentheses. ***, ** and * denote significance at the 1%, 5%, and 10% levels, respectively.
Panel A: Residual Basis with Future Bond Returns

Investment Grade Bonds Speculative Grade Bonds
k=20 k=40 k=60 k=20 k=40 k=60
Modell  Model2  Model 3 Model4  Model5  Model 6 Model7  Model8  Model 9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18
Basisresidual S233kEE D 3BREE ] R*** SQATEEE D ARHEE ] gHAE S2.66%FE DETREE D J0HH* SL14EEE ] 19REE Q. 8THHE B I Tl S I ok S S IV SLESHHE _LLe5*EE ].50%H*
[-40.46] [-39.94] [-31.99] [-24.46] [-24.08] [-15.95] [-17.27] [-16.98] [-12.10] [-15.10] [-15.36] [-12.36] [-12.93] [-12.96] [-9.75] [-9.44] [-9.64] [-8.25]
Basispredicted SLOAREE 196k F* L] 43xxH S2.01%FF D 04xxx L] 4THHE S1.08¥*Ek D 00FKF -] .54k SLOS*** JL10¥** Q. 77H** S132%xE _]32%EE L] Q9% k* S1.30%¥E L 4HEE ] D4k
[-23.78] [-23.67] [-18.00] [-14.84] [-15.50] [-9.52] [-7.68] [-7.73] [-5.77] [-9.71] [-10.60] [-6.76] [-7.99] [-7.76] [-6.53] [-6.19] [-6.10] [-5.28]
CDS Spread 0.28%**  0.27*** 0.13 0.11 0.09 -0.07 0.03 0.00 -0.13 0.48%*%  0.50%**  (.34%** 0.58%*%  .58***  (.44%** 0.57***  0.61%** 0.48**
[3.50] [3.42] [1.54] [0.62] [0.49] [-0.34] [0.11] [0.01] [-0.41] [7.77] [7.96] [4.96] [4.93] [4.67] [3.25] [3.03] [3.35] [2.33]
A(CDS Spread) 0.00 0.00 0.00 0.00 0.00 -0.01*
[0.24] [1.12] [0.88] [-1.07] [0.82] [-1.76]
Bond Return -0.20%** -0.27*%** -0.23%** -0.22%** -0.18%** -0.10%**
[-39.68] [-20.22] [-13.35] [-10.83] [-6.29] [-3.54]
Rating <0.14%%* 0.14%**  0.10%** -0.14%*% 0. 14%**  .0.09%** S0.13%*%  Q.13%*F*  -0.09%** 0.05 0.06 0.08%** 0.04 0.05 0.08 0.06 0.01 0.07
[-7.31] [-7.35] [-5.84] [-4.47] [-4.54] [-3.67] [-4.10] [-3.95] [-2.99] [1.09] [1.37] [1.97] [0.39] [0.46] [0.87] [0.36] [0.09] [0.42]
Maturity -0.04%** .0,04***  .0,03%** -0.05%** - -0.05%**  -0.04%* -0.06** -0.06** -0.05%* -0.03** -0.03** -0.02%* -0.05%* -0.05* -0.05* -0.07** -0.07** -0.07**
[-4.64] [-4.71] [-2.96] [-2.91] [-2.88] [-2.01] [-2.57] [-2.57] [-2.14] [-2.37] [-2.40] [-2.09] [-2.01] [-1.89] [-1.93] [-2.07] [-2.12] [-2.03]
Age -0.02%**  -0,02%**  -0.01** -0.01* -0.01* -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.03 -0.04 -0.03 -0.07 -0.07 -0.06
[-3.73] [-3.70] [-2.58] [-1.71] [-1.87] [-0.73] [-1.20] [-1.43] [-0.68] [-0.82] [-0.90] [-0.68] [-0.95] [-1.19] [-0.90] [-1.29] [-1.34] [-1.13]
Coupon -0.10%**  -0.10%**  -0.07*** -0.09%**  -0,09%**  -0.07*** S011**%  -0.10%*%*  -0.08%*** -0.09%* -0.10%* -0.04 -0.06 -0.06 -0.02 0.00 0.00 0.03
[-7.80] [-8.16] [-5.64] [-4.72] [-5.37] [-3.93] [-6.13] [-6.74] [-5.27] [-2.09] [-2.29] [-1.02] [-1.02] [-1.04] [-0.26] [-0.02] [0.02] [0.33]
Issue Size 0.15%*%  Q.15%**  (0.09%** 0.16%**  0.16%**  0.11%** 0.16%**  0.16%** 0.11%** -0.11* -0.08 -0.09 -0.11 -0.08 -0.09 -0.14 -0.14 -0.11
[6.35] [6.31] [4.24] [3.75] [3.60] [2.70] [3.37] [3.41] [2.41] [-1.76] [-1.36] [-1.48] [-1.07] [-0.77] [-0.81] [-0.92] [-0.90] [-0.73]
Indliq 0.82%* 0.83%* 0.77%* 0.37 0.38 0.31 0.43* 0.44* 0.36 -2.38%* -2.59%* -1.62 -2.09 -1.92 -1.57 -1.12 -1.28 -0.99
[2.44] [2.50] [2.24] [1.50] [1.59] [1.13] [1.68] [1.75] [1.32] [-2.04] [-2.08] [-1.37] [-1.60] [-L61] [-1.20] [-0.74] [-0.81] [-0.70]
N 141,485 141,485 141,485 134,304 134,304 134,304 127,247 127,247 127,247 39,543 39,543 39,543 38,016 38,016 38,016 36,082 36,082 36,082
R’ 0.30 0.30 0.36 0.38 0.38 0.43 0.42 0.43 0.46 0.31 0.33 0.37 0.42 0.43 0.46 0.46 0.47 0.48
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Panel B: Residual Basis with Future CDS Spread Changes

Inves tment Grade ACDS Speculative Grade ACDS
k=20 k=40 k=60 k=20 k=40 k=60
Modell  Model2  Model 3 Model4  Model5  Model 6 Model7  Model8  Model 9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18
Basisresidual SQ51kEE D 34RER D ok S4.02%%* 350k *E 4 35%kk S533kEE 4 50k** 5 | 9rxE SLAGHEE [ 44rEE ] 3REE SLSTEEE ([ 2R%EE ] T5HEE -1.26 -1.07 -1.46
[-7.17] [-6.40] [-7.11] [-5.31] [-4.34] [-5.22] [-4.46] [-3.71] [-3.68] [-6.04] [-6.38] [-5.27] [-2.98] [-2.70] [-2.88] [-1.42] [-1.27] [-1.52]
Basispredicted -0.22 0.57 -0.46 0.08 1.09 -0.22 1.51 3.49 1.19 -0.26 -0.47 -0.22 0.72 0.99 0.67 347 344 323
[-0.14] [0.37] [-0.29] [0.02] [0.31] [-0.06] [0.26] [0.57] [0.20] [-0.42] [-0.77] [-0.38] [0.41] [0.52] [0.40] [1.17] [1.17] [1.12]
CDS Spread S3.00%** D 14%% 3 [0k -4.93%** -3.62* S5.61%%* -6.81%* -4.57 -8.09%* 0.12 0.20 0.10 -0.39 -0.35 -0.41 -1.54 -1.36 -1.39
[-3.40] [-2.32] [-3.42] [-2.53] [-1.88] [-2.81] [-2.18] [-1.33] [-2.49] [0.44] [0.72] [0.37] [-0.59] [-0.52] [-0.66] [-1.42] [-1.29] [-1.29]
A(CDS Spread) 0.1 1% -0.08%** -0.11%** -0.01 -0.18%*** -0.14
[-6.65] [-3.47] [-3.62] [-0.28] [-3.09] [-1.63]
Bond Return 0.33%%* 0.45%** 0.43* 0.03 0.13 0.29
[4.91] [3.58] [1.84] [0.46] [1.31] [1.51]
A(CDSlig) 0.78 1.02%* 0.79 -0.27 0.18 -0.27 -1.13 0.04 -1.04 -0.57 -0.37 -0.68 -2.68%** D 8B** -2.64%* -5.59%* -6.55%* -5.08%*
[1.50] [1.98] [1.51] [-0.33] [0.24] [-0.34] [-1.07] [0.03] [-1.00] [-0.83] [-0.57] [-0.97] [-2.62] [-2.52] [-2.56] [-2.47] [-2.35] [-2.40]
Stock Return S0.21%** 024k k* 0 22%** S0.24%%%  020%**  25%** -0.28%** 033k ** 0 29%** S0.23%** L0.24%** 23%** S021%*%  L029%** 0 22%** -0.35%**  L0.40%**  -0.36***
[-4.76] [-5.56] [-4.91] [-3.39] [-4.12] [-3.51] [-3.92] [-4.79] [-4.16] [-5.02] [-5.18] [-4.94] [-3.39] [-3.81] [-3.62] [-3.47] [-3.98] [-3.40]
A(Volatility) 0.57 0.54 0.62 0.07 0.52 0.18 0.46 0.94 0.59 1.36 130 1.42 0.54 0.53 0.40 1.31 1.64 1.16
[1.06] [1.04] [1.14] [0.08] [0.58] [0.21] [0.30] [0.64] [0.39] [1.36] [1.27] [1.36] [0.25] [0.25] [0.19] [0.45] [0.54] [0.39]
A(Leverage) 3.10 3.18 3.17 3.04 3.14 3.18 0.64 1.12 0.95 -3.16 2215 -333 -11.65 -10.12 -10.98 -10.82 -10.65 -10.76
[1.41] [1.44] [1.43] [0.83] [0.86] [0.88] [0.12] [0.22] [0.18] [-0.85] [-0.64] [-0.90] [-1.02] [-0.85] [-0.96] [-0.58] [-0.60] [-0.59]
A(Size) -0.65%* -0.61** -0.69%* SLL8THEE L LBIHRRE QIR S2.85%F* 3 5%kk D RRHEH -0.95%*  -0.93***  .0.96%* S2.68%**  DBI¥FE D 60%** 22,12 =223 =217
[-2.26] [-2.06] [-2.41] [-3.17] [-3.05] [-3.22] [-3.19] [-3.34] [-3.21] [-2.57] [-2.73] [-2.58] [-2.66] [-2.62] [-2.61] [-1.26] [-1.34] [-1.30]
A(Profitability) 0.19 0.33 0.20 0.33 0.47 0.36 0.74 0.77 0.81 -0.28 -0.33 -0.25 -0.52 -0.14 -0.30 -0.24 0.84 -0.22
[0.61] [1.02] [0.62] [0.62] [0.89] [0.70] [1.10] [1.13] [1.20] [-1.20] [-1.25] [-1.09] [-0.79] [-0.14] [-0.46] [-0.24] [0.55] [-0.21]
A(Cash) -0.39 -0.44 -0.42 -1.14 -1.17* -1.20% -1.60 -1.48 -1.57 0.49 0.24 043 1.45 1.30 1.65 1.34 1.70 1.24
[-1.11] [-1.19] [-1.18] [-1.63] [-1.72] [-1.73] [-1.48] [-1.30] [-1.46] [0.80] [0.43] [0.72] [1.26] [1.00] [1.46] [0.63] [0.84] [0.58]
N 139,672 139,672 139,672 130,582 130,582 130,582 123,797 123,797 123,797 39,085 39,085 39,085 37,551 37,551 37,551 35,648 35,648 35,648
R’ 0.16 0.20 0.16 0.18 0.22 0.19 0.19 0.23 0.20 0.35 040 0.36 0.37 042 0.37 0.38 0.43 0.38

54



Table 11. Predictive Power of Basis for Price Convergence: Pre-Crisis and Crisis Periods

This table reports robustness tests for the predictive power of residual and predicted basis for future bond returns and CDS spreads from 2003 through 2008 for
two subsamples such as pre-crisis and crisis period. Pre-crisis period spans from March 2003 through June 2007. Crisis period spans from July 2007 through
December 2008. The dependent variable in Panel A is the future bond return from day ¢ to day ¢+k (k=20, 40, and 60). Basis is defined as (CDS spread — Z-
spread) on day ¢ for the individual bond. Basis,rediciea 1S the predicted component of Basis by the model in Bai and Collin-Dufresne (2014), and Basis esidual 1S
computed as (Basis — BasiSprediced). Bond Return is the individual bond’s lagged k-day excess return from day #-k to day ¢. CDS Spread is the CDS spread on day ¢,
and A(CDS Spread) is the rate of CDS spread changes from day /20 to day ¢. Rating is a categorical variable ranging from 1 to 20 for all bonds (S&P rating
AAA to CC). We use the S&P ratings whenever available, followed by Moody’s and Fitch’s ratings. Coupon is in percentage terms. Issue size is the natural
logarithm of the issuance amount in billions. Maturity and age are in years. Indliq is the k-day cumulative turnover measured as the total trading volume divided
by the total number outstanding. The dependent variable in Panel B is the change in CDS spread from day ¢ to day ¢+k. 4(CDSlig) is the k-day change in the
number of CDS dealers’ quotes. Stock return is the rate of changes in stock prices within the past one month. 4(Volatility) is the rate of change in stock volatility
within the past one month, where stock volatility is defined as the standard deviation of daily stock returns measured in a 60-day window. 4(Leverage) is the rate
of change in market leverage within the past three months, where market leverage is measured by the book value of total debt divided by the market value of total
assets. 4(Size) is the rate of change in the logarithm of the market value of total assets within the past three months. A(Profitability) is the rate of change in net
income divided by the market value of total assets within the past three months. 4(Cash) is defined as the rate of change in the cash ratio in the past three months.
The cash ratio is defined as the ratio of cash and cash equivalent divided by the market value of total assets. The Newey-West t-statistics are reported in

parentheses. *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively.
Panel A: Residual Basis with Future Bond Returns

Pre-crisis Period Crisis Period
k=20 k=40 k=60 k=20 k=40 k=60
Modell  Model2  Model 3 Model4  Model5  Model 6 Model7  Model8  Model 9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18
Basisresidual SL74RFE O LL7SRER ] 30k ** S1O8H K 1 98Kk ] 60*** S2.19%** D0k E* ] BRRA* SLASHEE L 44REx ] Q]RRF S153REE [ 54RER 098k SLABREE [ 4FREE ] 04k
[-23.53] [-23.97] [-22.35] [-19.28] [-19.64] [-17.51] [-16.40] [-16.69] [-15.35] [-14.25] [-13.92] [-10.57] [-8.15] [-7.95] [-5.16] [-4.23] [-4.04] [-3.06]
Basispredicted S1A8F*E 1 49¥FE ] O8*** SLOI¥FE _lelRkx ] 3FF* SLO3F*E _e4¥EE ] 4Rk -LOSH*** LO6¥**  -0.65%** SLISHEE ] 18*** -0.66 -1.08 -1.09 -0.70
[-11.93] [-12.21] [-9.68] [-7.62] [-7.73] [-6.89] [-5.52] [-5.70] [-5.43] [-5.42] [-5.43] [-3.31] [-2.82] [-2.89] [-1.56] [-1.48] [-1.52] [-0.94]
CDS Spread 0.44%*%  045%**  (.39%** 0.57+*%  0.58%**  0.56%** 0.72%*%  0.72%**  0.74*** 0.33**%  (.33%** 0.13 0.17 0.17 -0.13 -0.12 -0.08 -0.40
[5.55] [5.64] [5.22] [3.96] [4.04] [4.04] [3.71] [3.82] [3.98] [3.26] [3.22] [1.14] [0.77] [0.81] [-0.57] [-0.38] [-0.27] [-1.21]
A(CDS Spread) -0.00** -0.00%* -0.00* -0.00%* 0.00 0.00
[-2.29] [-1.97] [-1.84] [-2.14] [-0.57] [-0.77]
Bond Return -0.26%** -0.20%** -0.16%** -0.26%** -0.27%%* -0.17%**
[-19.99] [-8.55] [-4.50] [-12.93] [-10.41] [-4.47]
Rating -0.07%**  -0.07%**  -0.04%** -0.07**%%  L0.07FF*  -0.05%** -0.06%**  -0.07*** -0.03 -0.20%*% - L030%** 025k k* S0.43%F% 043K EF L 3THE* -0.49%*% 051K F* L0460 F*
[-7.69] [-7.83] [-4.68] [-4.63] [-4.93] [-2.90] [-2.72] [-3.13] [-1.54] [-4.81] [-4.91] [-3.89] [-3.20] [-3.27] [-2.76] [-3.21] [-3.41] [-2.84]
Maturity -0.03%** - -0.03%**  -0.02%* -0.03%* -0.03* -0.02 -0.04* -0.04 -0.03 -0.04% -0.04* -0.04* S0.11%** 0. 10%** 0. 11%** S0.17%%* L0.16%**  -0.17Fk*
[-3.39] [-3.43] [-2.02] [-2.00] [-1.93] [-1.26] [-1.73] [-1.63] [-1.40] [-1.92] [-1.96] [-1.95] [-2.69] [-2.70] [-2.65] [-3.11] [-3.20] [-3.10]
Age 0.00 0.00 0.00 -0.01 -0.01 0.00 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.02 -0.02 -0.02 -0.05 -0.06 -0.05
[-0.24] [-0.19] [0.22] [-0.55] [-0.55] [-0.12] [-0.64] [-0.70] [-0.33] [-0.59] [-0.45] [-0.62] [-0.39] [-0.44] [-0.36] [-0.63] [-0.70] [-0.66]
Coupon S0.13%**  0.13%**  -0,09%** S0.12%*% 0 12%*%  -0.10%** S0.13%**  L013%F* Q. ]1%F* -0.08 -0.09 -0.04 -0.06 -0.06 -0.01 0.00 0.03 0.05
[-11.05] [-11.16] [-8.56] [-6.14] [-5.99] [-4.98] [-5.81] [-5.52] [-5.00] [-1.39] [-1.45] [-0.65] [-0.62] [-0.60] [-0.12] [0.02] [0.19] [0.32]
Issue Size 0.04* 0.04%* 0.02 0.04 0.05 0.02 0.02 0.02 0.01 0.19%* 0.20%* 0.14 0.30* 03 0.23 0.36 0.34 0.29
[1.87] [2.21] [0.72] [1.16] [1.35] [0.55] [0.53] [0.52] [0.21] [2.22] [2.40] [1.46] [1.70] [1.60] [1.29] [1.49] [1.41] [1.28]
Indliq -0.23 -0.20 -0.10 -0.17 -0.16 -0.04 -0.28 -0.27 -0.21 1.75 1.76 2.04 0.45 0.56 0.48 -0.43 -0.36 -0.4
[-0.76] [-0.67] [-0.33] [-0.46] [-0.44] [-0.10] [-0.82] [-0.80] [-0.65] [1.20] [1.20] [1.47] [0.39] [0.47] [0.40] [-0.34] [-0.27] [-0.31]
N 142,015 142,015 142,015 136,910 136,910 136,910 131,229 131,229 131,229 39,013 39,013 39,013 35,410 35,410 35,410 32,100 32,100 32,100
R 0.30 0.31 0.36 0.41 0.41 045 0.45 0.45 0.49 0.33 033 0.38 0.44 0.44 0.47 0.51 0.51 0.53
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Panel B: Residual Basis with Future CDS Spread Change

Pre-crisis Period

Crisis Period

k=20 k=40 k=60 k=20 k=40 k=60
Modell  Model2  Model 3 Model4  Model5  Model 6 Model7  Model8  Model9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18
Basisresidual S2.50%** D AGREE D TRk ) b 8 U Sl B N T A S5.6THEE S3TRER SRk -0.75%* -0.67* -1.00%* -0.54 -0.13 -0.62 0.28 0.81 1.46
[-7.52] [-7.22] [-7.53] [-5.92] [-5.23] [-6.97] [-4.85] [-3.95] [-6.29] [-2.15] [-1.90] [-2.27] [-0.60] [-0.15] [-0.54] [0.21] [0.86] [0.62]
Basispredicted -0.94 -0.64 111 -045 -0.11 -0.87 -0.49 -0.48 -0.97 1.69 1.66* 1.46 4.64% 4.71* 4.50 9.06** 8.68%* 9.63*
[-1.00] [-0.70] [-1.19] [-0.20] [-0.05] [-0.41] [-0.13] [-0.13] [-0.27] [1.61] [1.66] [1.34] [1.72] [1.84] [1.58] [2.06] [1.99] [1.92]
CDS Spread S2.00%%% LTTRE D 25wEE -3.61%* -3.28%* 4.13%* A4.71%* -4.46* -5.62%* -0.89 -0.79 -0.86 -2.53 232 -2.62 -4.51 440 -4.70
[-2.59] [-2.17] [-2.67] [-2.35] [-2.16] [-2.51] [-2.13] [-1.88] [-2.35] [-1.62] [-1.42] [-1.50] [-1.61] [-1.47] [-1.59] [-1.44] [-1.39] [-1.45]
A(CDS Spread) -0.10%** -0.08%** -0.12%** -0.07*** -0.11* -0.08
[-5.23] [-3.72] [-3.90] [-2.88] [-1.79] [-1.05]
Bond Return 0.27%%* 0.59%** 0.66*** 0.13 0.05 -0.45
[4.20] [5.29] [3.67] [1.34] [0.24] [-0.81]
A(CDSliq) 0.38 0.46 035 -0.40 -0.06 -0.38 -1.33 -0.50 -1.24 1.04 1.12 1.06 S1L8RFEE ] 6T** -1.99%* -4.61%* 411 -4.58%*
[0.72] [0.89] [0.66] [-0.49] [-0.08] [-0.47] [-1.28] [-0.48] [-1.23] [1.19] [1.29] [1.24] [-2.60] [-2.22] [-2.50] [-2.06] [-1.64] [-2.06]
Stock Return -0.20% %% L023%** Q2]%k* S0.19%**  024%**  020%** S0.16% %% L022%** (0,18 ** -0.30%** 033 kk* (3]Hk* S0.38%*x Q4] kkk (0 37H** S0.55%%x 58k (), 53k
[-5.40] [-6.23] [-5.63] [-3.63] [-4.59] [-4.03] [-3.24] [-4.19] [-3.86] [-6.61] [-7.15] [-6.65] [-3.00] [-3.57] [-2.94] [-3.44] [-4.28] [-3.33]
A(Volatility) 0.70 0.62 0.75 0.04 0.24 0.07 0.15 0.36 0.17 1.76* 2.00%** 1.71* 2.90%* 3.99%* 2.89%* 3.04 329 2.78
[1.20] [1.13] [1.29] [0.04] [0.29] [0.08] [0.13] [0.35] [0.15] [1.88] [2.14] [1.84] [2.11] [2.59] [2.09] [0.90] [0.95] [0.83]
A(Leverage) 2.74 2.72 2.79 -0.46 0.10 -0.22 3.64 -2.55 -2.87 2.69 2.94 2.82 8.85* 9.87* 8.65% 12.91%* 13.62%* 12.42%*
[1.12] [1.12] [1.12] [-0.13] [0.03] [-0.07] [-0.76] [-0.53] [-0.60] [1.18] [1.18] [1.23] [1.77] [1.84] [1.70] [2.08] [2.36] [2.00]
A(Size) S0.79%** . 78% Kk 0. 8]H** D.01FF* %Kk D k** S3.05%H* 334k 3 (gkkk -0.18 -0.26 -0.23 -0.30 -0.47 -0.40 0.17 -0.02 0.08
[-2.91] [-2.78] [-3.00] [-3.80] [-3.80] [-3.73] [-4.24] [-4.38] [-4.07] [-0.35] [-0.47] [-0.44] [-0.39] [-0.59] [-0.53] [0.10] [-0.01] [0.05]
A(Profitability) 0.34 0.47* 0.37 0.48 0.67 0.55 0.43 0.52 0.56 -047** -0.47%* -0.48%** -0.88%* -0.81* -0.86** -2.07%* -1.97* -2.20%
[1.25] [1.77] [1.34] [0.95] [1.34] [1.11] [0.90] [1.03] [1.21] [-2.00] [-2.07] [-1.98] [-2.17] [-1.91] [-2.02] [-1.98] [-1.83] [-1.91]
A(Cash) -0.11 -0.16 -0.12 SLOSHEE ] IRKRE ] Q9% ** -1.85%* -1.83%* -1.84%* 0.13 0.20 0.10 0.60 0.87 0.55 0.78 091 0.78
[-0.56] [-0.80] [-0.59] [-2.85] [-3.09] [-2.92] [-2.33] [-2.27] [-2.30] [0.15] [0.24] [0.12] [0.30] [0.46] [0.28] [0.28] [0.31] [0.28]
N 137,734 137,734 137,734 132,836 132,836 132,836 127,425 127,425 127,425 38,846 38,846 38,846 35,297 35,297 35,297 32,020 32,020 32,020
R 0.13 0.17 0.14 0.15 0.19 0.16 0.17 020 0.18 0.16 0.19 0.17 0.16 0.19 0.17 0.17 0.19 0.18
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Appendix

A.1. Construction of a Residual Basis

In this appendix, we present how we estimate the residual basis by replicating the empirical
model in Bai and Collin-Dufresne (2014). They have proposed that the persistent excessive
negative basis during the recent financial crisis can be a result of arbitrage risk (such as the
counterparty risk of the CDS issuer) and various funding costs related to arbitrage. The latter can
be accelerated by “limits to arbitrage,” which represents the inability of arbitrageurs to raise
capital quickly and/or their unwillingness to take large positions in these arbitrage trades because
of mark-to-market risk. These explanations differ from the conventional explanations (such as
the cheapest-to-deliver option and the difficulty in short-selling bonds) that usually point to a
positive basis (e.g., Blanco, Brennan, Marsh, 2005; Nashikkar, Subrahmanyam, and Mahanti,

2011).

Specifically, Bai and Collin-Dufresne (2014) propose that a basis investor faces five types of
risk-return tradeoff: (1) counterparty risk; (2) uncollateralized funding costs (Libor-OIS spread);
(3) collateralized funding cost (repo rates); (4) haircuts; and (5) transaction costs. They use the
following cross-sectional regression model to remove the risk-return tradeoff faced by the basis
investor for each bond i,

Basis; =, + 7, ., By + VisorBisor + Vs prepo B iepo + VeconCollateral’

(A.1)
. d i i i i
+ 7 L1 +y t,BliqﬂBliq +7 t,BliqutﬂBLiqur + ¥ i Boie + €151

where

ﬂi — COV(IQI > (Rindex - Rmkt ))
¢ Var(Rindex - Rmkt)

: (A.2)
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5 - cov[ACDS', A(libor — 0is)]
tbor var[ A(libor — 0is)]

(A.3)

i cov(ACDS',ARepoSpread)
ﬁfrepo - .

(A.4)
var(ARepoSpread)

where R; is the stock return of the underlying firm that has bond i, Rindex 1s the primary dealer’s
index stock return, 4(CDS)' is the change in the CDS spread of the underlying firm that has bond
i, RepoSpread is calculated as the 3-month general collateral repo rate minus the 3-month
Treasury bill. Collateral' is an index measuring the collateral quality of bond 7 issued by each

reference entity, consisting of firm size, leverage, tangible ratio, rating, CDS level, and CDS
volatility. Lig' is the underlying bond i’s turnover rate to proxy for liquidity of the bond. ﬁ;ﬁq is
the co-movement between bond i’s illiquidity and the bond market liquidity as the regression
coefficient of its bond turnover on the entire bond market turnover. ﬁ;Liqu, is the co-movement

between bond i’s illiquidity and the entire stock market return, which is measured by the CRSP
value-weighted stock market return. 3! is the beta coefficient of the underlying firm’s stock

return with respect to the entire stock market return, which is measured by CRSP value-weighted

stock market return.
The interpretation of these variables is as follows:

(1) Counterparty risk is the risk that the seller of CDS cannot honor its commitment to the
CDS buyer in the event of default. It will make CDS less valuable. The counterparty risk matters
only if the default of the underlying firm and that of the CDS issuer occur at the same time. Since
CDS are over-the-counter and it is hard to identify the seller and buyer of CDS protection (see

Arora, Gandhi, and Longstaff, 2012), we employ a proxy for the counterparty risk measure. We
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use the list of primary dealers designated by the Federal Reserve Bank of New York and
construct a value-weighted stock index for these dealers. ﬁép measures bond i’s underlying

firm’s counterparty risk as the regression coefficient of its stock return on the primary dealer’s

index stock return.

(2) B;,,, measures bond i’s underlying firm’s funding cost risk as the regression coefficient

of its CDS spread change on the change in the Libor-OIS spread. The LIBOR-OIS spread
partially indicates the uncollateralized funding cost of financial intermediaries. The co-
movement measure represents the increase in the risk of basis trade when the funding cost

widens at the same time that the basis becomes more negative.

(3) The collateralized funding cost is the repo spread (the difference between the 3-month

general collateral repo rate minus the 3-month Treasury bill), which reflects a flight-to-quality
liquidity component. ﬂ;ifepo measures bond i’s underlying firm’s market liquidity risk as the

regression coefficient of its CDS spread change on the repo spread.

(4) Haircut is proxied by the collateral quality of the individual bond issued by the reference
entity in a CDS contract. To do negative basis arbitrage, an arbitrageur needs to buy bonds that
are funded via the repo market using the same bonds as collateral. The haircut imposed on the
transaction causes the basis to become more negative. Since a haircut is not observed at the
individual bond level, the collateral quality index based on firm characteristics is used to proxy
for the contemporaneous and future expected haircuts related to the firm’s bond. Specifically, a
firm with more assets, more tangible assets, a higher rating, lower leverage, a lower CDS spread,

and lower CDS volatility will tend to have bonds with higher collateral quality in cross-section.

59



(5) Transaction cost is proxied by three illiquidity measures. Lig refers to individual bond i’s
illiquidity in terms of turnover. Blig proxies for the individual bond’s illiquidity exposure to the
illiquidity of the entire bond market. BLigMkt represents individual bond i’s liquidity exposure to
the illiquidity of the entire financial market. The latter two measures are consistent with the
analysis of Acharya and Pedersen (2005), who propose that arbitrageurs prefer negative basis
trades for bonds that tend to have trading costs that co-vary less with bond market illiquidity and

more with market returns.

The additional control variable g!  is employed to proxy for the other plausible neglected
risk that might affect how a basis arbitrageur would allocate risk capital to the basis trade. This is

a “market beta” factor to proxy for how the particular basis co-varies with the arbitrageur’s

portfolio.

The regression analysis is performed for the entire sample as well as for investment-grade
(IG) and high-yield (HY) bonds separately. Like Bai and Collin-Dufresne (2014), we run
separate regressions for the pre-crisis (from March 2003 through June 2007) and crisis periods

(July 2007 through December 2008).
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Table A.1. Cross-Sectional Regression of the CDS-Bond Basis on Risk Factors

This table reports the Fama-MacBeth (1973) cross-sectional regression results of the CDS-bond basis on the risk
factors proposed by Bai and Collin-Dufresne (2014) on the daily data. We break the sample into a pre-crisis period
from March 2003 through June 2007 and crisis period from July 2007 through December 2008. Lig is the illiquidity
cost measured by the bond’s turnover. Blig measures the co-movement between a bond’s illiquidity and the market
liquidity as the regression coefficient of its bond turnover on the bond market turnover. BligMkt measures the co-
movement between a bond’s illiquidity and the market return where the market return is measured by the CRSP
value-weighted stock market return. CP measures an underlying entity’s counterparty risk as the regression
coefficient of its stock return on the primary dealer’s index stock return. Fund(repo) measures an underlying entity’s
market liquidity risk as the regression coefficient of its CDS spread change on the repo spread, which is calculated
as the 3-month general collateral repo rate minus the 3-month Treasury bill. Fund(libor) measures an underlying
entity’s funding cost risk as the regression coefficient of its CDS spread change on the change in the Libor-OIS
spread. Collateral is an index measuring the collateral quality of the bond issued by each reference entity, consisting
of firm size, leverage, rating, tangible ratio, CDS level, and CDS volatility. Mkt is the beta coefficient of a stock
return with respect to the primary dealer’s index stock return. All represents all corporate bonds. IG represents
investment-grade bonds, and HY represents high-yield bonds. Numbers in brackets are the t-statistics. ***, ** and *
denote significance at the 1%, 5%, 10% levels, respectively.

Pre-crisis (Mar 2003 - June 2007) Crisis Period (July 2007 - Dec 2008)
All 1G HY All 1G HY
Liq 0.01%** 0.01%* 0.12%** -0.01 -0.02%* 1.15
[3.87] [2.42] [7.02] [-0.83] [-2.08] [1.01]
Bliq 0.00 0.00 0.15%** 0.00 -0.02%** -0.10
[-0.24] [-1.19] [10.36] [-0.29] [-3.32] [-0.40]
BligMkt 0.36%** 0.23%** -1.04%** S5.37%** 2.91%%* 7.95
[5.77] [5.24] [-3.39] [19.38] [11.43] [0.32]
CP -0.06%** -0.23%** -0.10%* -0.06** -0.06%** 1.18%***
[-3.96] [-22.23] [-2.46] [-2.47] [-2.75] [4.45]
Fund(repo) 0.21%** 0.12%** 0.98*** 0.29%** -0.15%** 2.37
[13.18] [8.41] [15.74] [5.78] [-3.53] [1.54]
Fund(libor) -52.62%** -75.40%* * -13.69%** 16.08%** -6.34 -16.28
[-20.45] [-26.63] [-11.72] [7.03] [-1.49] [-0.56]
Collateral 0.08 -0.54%** 0.66%** 2.54%** 4.32%%* 0.25
[1.10] [-9.12] [6.13] [12.90] [11.10] [0.07]
MKkt -0.06%** 0.01%** -0.16%** -0.08%** 0.04%** -0.206%**
[-20.90] [12.40] [-24.67] [-17.34] [14.85] [-2.81]
Intercept -0.10%** -0.10%** -0.33%** -0.72%** -0.82%** -3 37k **
[-11.98] [-12.94] [-8.29] [-21.50] [-25.67] [-7.21]
N 144,160 113,526 30,934 39,940 30,655 9,285
R 0.27 0.09 0.43 0.43 0.11 0.61
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This table reports the average (k-day, k=20, 40, 60) abnormal returns of quintile corporate bond portfolios sorted on
the residual basis for all bonds in the sample, as well as the IG and HY bonds separately, after taking into account
the market microstructure. For each day ¢, basis portfolios are constructed by sorting the bonds into quintiles based
on the residual basis, and their value-weighted abnormal returns from day ¢+ to day f+k+1 are computed. Residual
basis is the difference between the basis and the predicted component of basis by the model in Bai and Collin-
Dufresne (2014). Basis is defined as the difference between the CDS spread and Z-spread. “Low-High” indicates the
returns of zero-investment portfolios constructed by longing the lowest basis quintile portfolio and shorting the
highest basis quintile portfolio. Numbers in brackets are the t-statistics. ***, ** and * denote significance at the 1%,

Table A.2. Robustness for Market Microstructure:

5%, and 10% levels, respectively.

Profitability of Residual Basis Sorted Portfolios

k=20
Low 2 3 4 High Low-High
All abn. ret. 0.89%** 0.84%** 0.69%** 0.60%** 0.42%** 0.47*%*
(N=169,213)  t-stat [8.89] [10.82] [9.44] [10.85] [5.81] [4.63]
IG abn. ret. 1.02%** 0.87*** 0.75%** 0.66%** 0.43%** 0.59%**
(N=130,956)  t-stat [10.62] [10.77] [10.95] [11.63] [8.02] [6.57]
HY abn. ret. 0.10 -0.24 -0.15 0.32 0.07 0.00
(N=38,257) t-stat [0.46] [-0.87] [-0.86] [1.63] [0.25] [-0.01]
k=40
Low 2 3 4 High Low-High
All abn. ret. 1.54%%* 1.55%** 1.23*** 0.99%** 0.80%** 0.74%**
(N=127,196)  t-stat [9.33] [9.61] [7.87] [7.45] [3.89] [3.90]
IG abn. ret. 1.79%** 1.62%** 1.44%** 1.10*** 0.87%** 0.92%**
(N=97,223) t-stat [9.84] [9.67] [10.69] [8.20] [7.01] [5.64]
HY abn. ret. 0.21 -0.39 -0.63 -0.07 -0.62 0.83
(N=29,973) t-stat [0.53] [-0.84] [-1.17] [-0.14] [-1.06] [1.55]
k=60
Low 2 3 4 High Low-High
All abn. ret. 2.03*** 2.22%%* 1.78*** 1.31%** 0.87%** L.16%**
(N=121,261)  t-stat [6.25] [9.00] [7.13] [5.67] [2.46] [3.83]
IG abn. ret. 2.55%** 2.43%** 1.97%** 1.57*** 1.10*** 1.46%**
(N=92,651) t-stat [8.81] [10.07] [7.94] [6.55] [4.57] [7.42]
HY abn. ret. 0.23 -0.05 0.14 0.63 -0.51 0.74
(N=28,610) t-stat [0.44] [-0.09] [0.22] [0.72] [-0.44] [0.67]
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Table A.3. Robustness Tests for Subsamples

This table reports robustness tests for the predictive power of residual and predicted basis for future bond returns and CDS spreads from 2003 through 2008 for
four subsamples based on credit ratings and time periods. Basis is the difference between CDS spread and Z-spread. BasisSpredicied 1S the predicted component of
basis using the model in Bai and Collin-Dufresne (2014) and Basis esiauar is defined as (Basis — BasiSprediciea). Panel A reports subsample tests for future bond
returns for four subsamples. “Investment Grade Bonds in Pre-crisis Period” refers to the subsample of investment grade bonds from March 2003 through June
2007. “High Yield Bonds in Pre-crisis Period” refers to the subsample of high-yield bonds from the same period. “Investment Grade Bonds in Crisis Period” and
“High Yield Bonds in Crisis Period” refer to the subsamples of investment grade and high yield bonds from July 2007 through December 2008. The dependent
variable in Panel A is bond returns for day ¢ to day ¢+k (k=20, 40, 60). The control variables are listed as the follows. Bond Return is the individual bond’s lagged
k-day excess return from day t-k to day z. CDS Spread is the CDS spread on day ¢, and 4(CDS Spread) is the rate of CDS spread changes from day -k to day ¢.
Rating is a categorical variable ranging from 1 to 20 for all bonds (S&P rating AAA to CC). We use the S&P ratings whenever available, followed by Moody’s
and Fitch’s ratings. Coupon is in percentage terms. Issue size is the natural logarithm of the issuance amount in billions. Maturity and age are in years. Indliq is
the k-day cumulative turnover measured as the total trading volume divided by the total number outstanding. The dependent variable for Panel B is the change in
CDS spread from day ¢ to day #+k. Other control variables included are as follows. A4(CDSlig) is the k-day change in the number of CDS dealers’ quotes. Stock
return is the rate of changes in stock prices within the past one month. 4(Volatility) is the rate of change in stock volatility within the past one month, where
stock volatility is defined as the standard deviation of daily stock returns measured in a 60-day window. 4(Leverage) is the rate of change in market leverage
within the past three months, where market leverage is measured by the book value of total debt divided by the market value of total assets. 4(Size) is the rate of
change in the logarithm of the market value of total assets within the past three months. 4(Profitability) is the rate of change in net income divided by the market
value of total assets within the past three months. A(Cash) is defined as the rate of change in cash ratio in the past three months. The cash ratio is defined as the
ratio of cash and cash equivalent divided by the market value of total assets. The Newey-West t-statistics are reported in parentheses. ***, ** and * denote
significance at the 1%, 5%, and 10% levels, respectively.

Panel A: Residual Basis with Future Bond Returns

Investment Grade Bonds in Pre-crisis Period (March 2003 to June 2007) High Yield Bonds in Pre-crisis Period (March 2003 to June 2007)
k=20 k=40 k=60 k=20 k=40 k=60

Model 1 Model2  Model 3 Model4  Model5  Model 6 Model 7 Model8  Model9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18
Basisresidual S230%FE D AQRFE L] T4RRH S2.60%** D e1FHE D O1FH* S2.88%** D QO**E D 3eHH* Sl24FEE (] 30%k* L0.99%** SLO3FEE 165 EE L] 45H** B R VA NS ROl b S WA L

[-39.94] [-39.88] [-32.86] [-29.08] [-28.77] [-20.51] [-23.41] [-23.05] [-16.20] [-14.61] [-15.49] [-13.22] [-16.17] [-15.68]  [-14.21] [-15.23] [-15.40] [-13.09]
Basispredicted -1.99%*%  2.00%** -].50%** S23FEE D IBEAE ] 68F KK S2.33kEE D 34HxE ] 9p*H* SLO4REE [ 12%k* L0.80%** S1.39%EE L] 30%KE L] D0k ** S158REE L] 5%HE ] 4%k

[-21.89] [-21.75] [-17.93] [-16.39] [-16.84] [-12.70] [-13.35] [-13.42] [-11.67] [-9.29] [-10.26] [-7.76] [-8.40] [-7.94] [-7.43] [-7.28] [-7.27] [-6.22]
Control Variables YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
N 111,726 111,726~ 111,726 107,575 107,575 107,575 103,193 103,193 103,193 30,289 30,289 30,289 29,335 29,335 29,335 26,268 26,268 26,268
R 0.31 031 0.38 0.40 0.40 0.45 0.46 0.46 0.50 031 0.32 0.36 0.40 0.41 0.44 0.44 0.45 0.46

Investment Grade Bonds in Crisis Period (July 2007 to December 2008) High Yield Bonds in Crisis Period (July 2007 to December 2008)
k=20 k=40 k=60 k=20 k=40 k=60

Model 1 Model2  Model 3 Model4  Model5  Model 6 Model7  Model8 Model 9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18
Basisresidual S Q1EEE D J0REE L] 45% S1.99%H* D OHHE L] 2HHk -1.80%** -] 81*** 1O7H** -0.89%**  -0.89%**  .0.56%** SLO3*EE JLOTREF L0.65%** SLI0%** SLI3%*E L0.87*

[-15.84] [-15.30] [-11.49] [-7.91] [-7.58] [-4.57] [-5.29] [-4.95] [-3.58] [-6.78] [-6.55] [-5.37] [-4.59] [-4.63] [-3.12] [-2.62] [-2.68] [-2.26]
Basispredicted SL78FEE ] RFHHE ] QR SL6O***  _173%*E 071* -0.63 -0.69 0.07 SLO7HFRE S106%** -0.69%* SL14EEE 1 4kRE (0 78%* -0.91* -0.94* -0.68

[-10.22] [-10.10] [-6.31] [-4.53] [-4.91] [-1.75] [-0.84] [-0.89] [0.10] [-4.17] [-4.36] [-2.28] [-2.84] [-2.86] [-2.00] [-1.78] [-1.74] [-1.38]
Control Variables YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
N 29,759 29,759 29,759 26,729 26,729 26,729 24,054 24,054 24,054 9,254 9,254 9,254 8,681 8,681 8,681 8,046 8,046 8,046
R 0.25 0.26 0.32 0.29 0.30 0.35 0.31 0.31 0.34 0.33 0.34 0.40 0.45 0.48 0.49 0.51 0.53 0.54
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Panel B: Residual Basis with Future CDS Spread Change

Speculative Grade ACDS in Pre-crisis Period (March 2003 to June 2007)

Investment Grade ACDS in Pre-crisis Period (March 2003 to June 2007)
k=20 k=40 k=60 k=20 k=40 k=60
Model 1 Model2  Model 3 Model4  Model5  Model 6 Model 7 Model8  Model 9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18
Basisresidual S306%EE 3 01RHF 35T S5.10%FF 4 e4xH% 55Nk ST07FEF - 5060%** 73wk S1L53FEE [ 45kRE L] 3R SL54%E 1 124%% L]61%* -0.75 -0.44 -0.78
[-7.69] [-6.79] [-7.56] [-6.27] [-5.31] [-6.64] [-6.10] [-4.27] [-6.85] [-4.92] [-5.19] [-4.09] [-2.27] [-2.06] [-2.13] [-0.70] [-0.46] [-0.69]
Basispredicted 2.95 4.09 2.74 4.94 6.11 4.65 6.01 8.64 5.19 -0.35 -0.50 -0.19 0.94 1.38 1.06 442 4.26 438
[1.02] [1.41] [0.95] [0.87] [1.06] [0.82] [0.72] [0.98] [0.62] [-0.45] [-0.65] [-0.25] [0.40] [0.53] [0.48] [1.16] [1.11] [1.19]
Control Variables YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
N 107,751 107,751 107,751 103,863 103,863 103,863 99,756 99,756 99,756 29,983 29,983 29,983 28973 28,973 28973 27,669 27,669 27,669
R 0.15 0.20 0.16 0.18 0.22 0.19 0.20 0.23 0.21 0.33 0.38 033 0.34 0.39 0.34 0.35 0.40 0.35
Inves tment Grade ACDS in Crisis Period (July 2007 to December 2008) Speculative Grade CDS in Crisis Period (July 2007 to December 2008)
k=20 k=40 k=60 k=20 k=40 k=60
Modell  Model2  Model 3 Model4  Model5  Model 6 Model7  Model8 Model 9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18
Basisresidual -0.81 -0.65 -1.30* -0.82 -0.34 -1.13 -0.16 -0.12 1.03 S130%** 1.40%** ] 40%** -Leo**  -1.38%* S2. 11 S2.52%%  67F*F 37
[-1.46] [-1.22] [-1.67] [-0.55] [-0.21] [-0.58] [-0.06] [-0.06] [0.25] [-3.83] [-3.69] [-3.79] [-2.34] [-1.99] [-2.38] [-2.04] [-2.06] [-2.11]
Basispredicted 273 -2.80 -3.05 -5.60 -4.35 -6.05 -5.48 433 -4.20 -0.04 -0.39 -0.31 0.17 -0.02 -0.33 1.06 1.39 0.32
[-0.98] [-1.06] [-1.06] [-0.97] [-0.77] [-0.97] [-0.69] [-0.56] [-0.47] [-0.05] [-0.46] [-0.37] [0.07] [-0.01] [-0.15] [0.25] [0.33] [0.07]
Control Variables YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
N 29,744 29,744 29,744 26,719 26,719 26,719 24,041 24,041 24,041 9,102 9,102 9,102 8,578 8,578 8,578 7,979 7,979 7,979
R 0.17 0.19 0.17 0.18 0.21 0.18 0.17 0.20 0.18 0.42 0.47 0.43 0.44 0.48 0.44 0.45 0.51 0.46
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Table A.4. Robustness for Market Microstructure:
Predictability for Bond Returns for IG and HY Bonds

This table reports robustness tests for the predictive power of residual and predicted basis for future bond returns
from 2003 through 2008 for two subsamples based on credit ratings such as investment grade (IG) and speculative
grade (HY), after taking into account the market microstructure. Basis is defined as (CDS spread — Z-spread) on day
t for the individual bond. Basispediciea 1 the predicted component of Basis by the model in Bai and Collin-Dufresne
(2014), and Basisyesiauar is computed as (Basis — BasiSpredicied). The dependent variable is the individual bond’s k-day
excess return from day ¢+/ to day ¢+k+1. Other control variables are given as follows. CDS Spread is the CDS
spread on day ¢, and A(CDS Spread) is the rate of CDS spread changes from day /£ to day ¢. Rating is a categorical
variable ranging from 1 to 20 for all bonds (S&P rating AAA to CC). We use the S&P ratings whenever available,
followed by Moody’s and Fitch’s ratings. Coupon is in percentage terms. Issue size is the natural logarithm of the
issuance amount in billions. Maturity and age are in years. Indliq is the k-day cumulative turnover measured as the
total trading volume divided by the total number outstanding. The Newey-West t-statistics are reported in
parentheses. *** ** ‘and * denote significance at the 1%, 5%, and 10% levels, respectively.

Inves tment Grade Bonds
k=20 k=40 k=60
Modell Model2 Model 3 Model4 Model5 Model6 Model7 Model8 Model9
Basisresidual S0.25% %% 0 23k*kEk (4% ** S0 31F**  020%**  (0.24%* -0.44% %% () 43%*k*k () 39%**
[-7.20] [-6.89] [-5.83] [-3.73] [-3.55] [-2.37] [-3.24] [-3.08] [-2.58]
Basis predicted -0.20%%* L0 19%**k Q2] %** -0.12 -0.10 -0.07 -0.07 -0.04 -0.05
[-2.99] [-2.71] [-3.07] [-0.89] [-0.71] [-0.43] [-0.23] [-0.15] [-0.16]
Speculative Grade Bonds
k=20 k=40 k=60
Model 10 Model 11  Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18
Basis residual S0.21%%%  0.24%*%*F (0. 24%** -0.46%**  047FF*  _048%** S0.58K** Q52K ** () 64%**
[-3.63] [-4.35] [-4.03] [-4.63] [-4.96] [-4.40] [-4.16] [-3.71] [-4.47]
Basis predicted -0.22%* -0.24%* -0.23%* -0.44%* -0.37%* -0.40%* -0.49%* -0.42% -0.54%*
[-2.24] [-2.58] [-2.45] [-2.57] [-2.03] [-2.30] [-2.10] [-1.68] [-2.24]
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Table A.5. Robustness for Market Microstructure:
Predictability for Bond Returns for Pre-crisis and Crisis Periods

This table reports robustness tests for the predictive power of residual and predicted basis for future bond returns
from 2003 through 2008 for two subsamples based on the financial crisis after taking into account market
microstructure. “Pre-crisis Period” refers to the subsample from March 2003 through June 2007. “Crisis Period”
refers to the subsample from July 2007 through December 2008. Basis is defined as (CDS spread — Z-spread) on day
¢ for the individual bond. Basispredicied 1s the predicted component of Basis by the model in Bai and Collin-Dufresne
(2014), and BasiS esiaua 1s computed as (Basis — BasiSpredicied). The dependent variable is the individual bond’s k-day
excess return from day ¢+/ to day ¢+k+/. Other control variable are given as follows. CDS Spread is the CDS
spread on day ¢, and A4(CDS Spread) is the rate of CDS spread changes from day #-k to day ¢. Rating is a categorical
variable ranging from 1 to 20 for all bonds (S&P rating AAA to CC). We use the S&P ratings whenever available,
followed by Moody’s and Fitch’s ratings. Coupon is in percentage terms. Issue size is the natural logarithm of the
issuance amount in billions. Maturity and age are in years. Indlig is the k-day cumulative turnover measured as the
total trading volume divided by the total number outstanding. The Newey-West t-statistics are reported in
parentheses. *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

Pre-crisis Period

k=20 k=40 k=60
Modell Model2 Model3 Model4 Model5 Model 6 Model7 Model8 Model 9
BasiSresidual -0.22%** (. 22%** () 26%** -0.36%**  0.36%**  (.39%** -0.56%**  L(.55%**F (), 56%**
[-5.79] [-5.89] [-6.85] [-5.35] [-5.37] [-4.79] [-6.11] [-6.18] [-5.20]
Basispredicted -0.09 -0.09 -0.15% -0.17 -0.16 -0.23 -0.23 -0.25 -0.31
[-0.94] [-0.93] [-1.73] [-0.86] [-0.84] [-1.35] [-0.87] [-0.97] [-1.36]
Crisis Period
k=20 k=40 k=60
Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18
BasiSresidual -0.15%* -0.13* -0.12 -0.21 -0.2 -0.09 -0.07 -0.06 -0.14
[-2.02] [-1.88] [-1.47] [-1.13] [-1.08] [-0.42] [-0.25] [-0.20] [-0.42]
Basispredicted -0.17 -0.16 -0.12 -0.32 -0.34 -0.2 -0.22 -0.23 -0.26
[-1.16] [-1.10] [-0.82] [-0.76] [-0.84] [-0.47] [-0.29] [-0.30] [-0.33]
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Table A.6. Robustness for Market Microstructure:
Predictability for Bond Returns for Subsamples

This table reports robustness tests for the predictive power of residual and predicted basis for future bond returns
from 2003 through 2008 for four subsamples based on credit ratings and time periods after taking into account the
market microstructure. Basis is the difference between CDS spread and Z-spread. Basispredicea 15 the predicted
component of basis using the model in Bai and Collin-Dufresne (2014), and Basis,esiduar is defined as (Basis —
Basispredgiced). “Investment Grade Bonds in Pre-crisis Period” refers to the subsample of investment-grade bonds
from March 2003 through June 2007. “High Yield Bonds in Pre-crisis Period” refers to the subsample of high-yield
bonds from the same period. “Investment-Grade Bonds in Crisis Period” and “High-Yield Bonds in Crisis Period”
refer to the subsamples of investment-grade and high-yield bonds from July 2007 through December 2008. The
dependent variable is bond returns for day ¢+1/ to day t+k+1 (k=20, 40, 60). Other control variables are listed as the
follows. Bond Return is the individual bond’s lagged k-day excess return from day #-k to day ¢. CDS Spread is the
CDS spread on day ¢, and A(CDS Spread) is the rate of CDS spread changes from day ¢-k to day ¢. Rating is a
categorical variable ranging from 1 to 20 for all bonds (S&P rating AAA to CC). We use the S&P ratings whenever
available, followed by Moody’s and Fitch’s ratings. Coupon is in percentage terms. Issue size is the natural
logarithm of the issuance amount in billions. Maturity and age are in years. Indliq is the k-day cumulative turnover
measured as the total trading volume divided by the total number outstanding. The Newey-West t-statistics are
reported in parentheses. ***, ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

Investment Grade Bonds in Pre-crisis Period (March 2003 to June 2007)

k=20 k=40 k=60
Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8 Model9
Basisresidual S0.27¥*%  LQ27F** .28%** -0.39%** 38k **  (37HE* -0.62%*F*  _0,62%** (0 59%**
[-8.55] [-8.47] [-7.38] [-5.31] [-5.36] [-3.76] [-5.41] [-5.26] [-4.03]
Basis predicted -0.25%** - 0.24%**  0.26%** -0.30%* -0.26%* -0.29%* -0.47** -0.44%* -0.46**
[-3.51] [-3.43] [-3.91] [-2.32] [-1.97] [-2.13] [-2.40] [-2.18] [-2.13]
Investment Grade Bonds in Crisis Period (July 2007 to December 2008)
k=20 k=40 k=60
Modell Model2 Model3 Model4 ModelS Model6 Model7 Model8 Model 9
Basisresidual -0.17 -0.13 -0.12 -0.01 0.02 0.21 0.26 0.29 0.34
[-1.62] [-1.31] [-0.96] [-0.04] [0.09] [0.90] [1.04] [0.99] [1.45]
Basispredicted -0.07 -0.02 -0.05 0.49 0.48 0.72* 1.46* 1.46* 1.52*
[-0.37] [-0.11] [-0.24] [1.45] [1.53] [1.74] [1.74] [1.74] [1.88]
High Yield Bonds in Pre-crisis Period (March 2003 to June 2007)
k=20 k=40 k=60
Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18
Basisresidual S0.27¥*%  LQ31F**  03]*** S0.57F**F  Q.55%**  0.62%** -0.75%*F* - _0,70%**  -0.80***
[-4.06] [-4.94] [-4.71] [-7.09] [-6.37] [-6.99] [-8.00] [-6.95] [-7.50]
Basispredicted -0.16 -0.21%* -0.19%* -0.39%* -0.33* -0.41%* -0.61%* -0.56%*  -0.66%**
[-1.57] [-2.12] [-2.14] [-2.17] [-1.79] [-2.41] [-2.55] [-2.31] [-2.69]
High Yield Bonds in Crisis Period (July 2007 to December 2008)
k=20 k=40 k=60
Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18
Basisresidual -0.05 -0.07 -0.07 -0.19 -0.28 -0.13 -0.17 -0.08 -0.26
[-0.61] [-0.80] [-0.72] [-0.80] [-1.26] [-0.54] [-0.58] [-0.28] [-0.81]
Basispredicted -0.36 -0.33 -0.32 -0.56 -0.47 -0.39 -0.19 -0.07 -0.25
[-1.63] [-1.51] [-1.37] [-1.46] [-1.09] [-0.88] [-0.37] [-0.12] [-0.45]
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Table A.7. Robustness Tests for Fama-Macbeth Regression

This table presents the estimated coefficients of Fama-MacBeth (1973) regressions of bond returns on bond characteristics and risk factor loading as robustness
tests. Without specification, the bond return is future return in 20 days. Panel A reports the regression of 18 portfolios sorted on credit ratings (IG and HY), level
of residual basis (H, M and L), and the loadings on LMH factors (H, M and L). Panel B reports the regression on individual bond returns. Model 1 replaces the
Amihud liquidity measure with Pastor and Stambaugh (2003) liquidity measures. Model 2 reports the results from 40-day ahead bond returns as the dependent
variable. Model 3 reports the results from using 60-day ahead future bond returns. Model 4 reports the results for “Pre-crisis period” from March 2003 through
June 2007. Model 5 reports the results for “Crisis period” from July 2007 through December 2008. Model 6 reports the results for investment-grade bonds.
Model 7 reports the results for speculative-grade bonds. Rating is a categorical variable ranging from 1 to 20 for all bonds (S&P rating AAA to CC). Coupon is
the coupon rate in percent. Size is the natural logarithm of the issuance amount in billions. Age is in years. Indliq is the 20-day cumulative turnover measured as
the total trading volume divided by the total number outstanding. Suxr, Bsus, Pumtr, Boer, Prerms, Prio, Prrio and By is betas of MKT, SMB, HML, DEF, TERM,
LIQ, FLIQ, and LMH respectively. MKT, SMB, and HML are Fama-French (1993) three factors. DEF is the difference between the daily return of the Lehman
investment-grade bond index return from Datastream and the daily 10-year-to-maturity government bond return from CRSP. TERM is the difference between the
daily return of the 10-year-to-maturity government bond index and the daily T-bill return. L/Q is the market liquidity risk factor in Amihud (2002). FLIQ is the
funding liquidity risk factor proxied by TED, the average of the 3-month uncollateralized LIBOR rate minus the 3-month T-bill rate. The basis factor, LMH (Low
minus High), is defined as the return differential between the low residual basis portfolio and the high residual basis portfolio, i.e., IG/L+HY/L)/2 —
(IG/H+HY/H)/2. *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

Panel A: Portfolio-level regression

Dependent Variable: Bond Return

Basisresiauat  Rating ~ Coupon Size Age Indliq PvkT Psms PamL PDEF PTERM Brio BrLiQ BLvu
-0.76%** -0.07* 0.13* 0.08 0.03 4.10% 1.74 0.52 0.65 0.29 0.49 -0.01 0.04 0.00
Model] [-4.81] [-1.73] [1.68] [0.62] [0.37] [1.74] [0.89] [0.90] [1.17] [0.47] [0.77] [-0.22] [0.32] [-0.01]
-0.90*** -0.07 0.00 0.16 0.17* 5.65 2.97* 0.26 0.26 -0.73 1.01 -0.50 0.16 -0.39
Model2 [-5.15] [-0.81] [-0.03] [0.93] [1.69] [1.24] [-1.68] [0.32] [0.24] [-0.69] [1.16] [-1.08] [1.2] [-1.41]
-0.94%** -0.20 0.28* 0.14 -0.05 3.21 222 0.04 2.23%* -1.57 1.71%* -0.08 0.15 -0.42
Model3 [-4.23] [-1.51] [1.74] [0.71] [-0.31] [1.54] [-1.14] [0.04] [2.58] [-1.40] [2.14] [-0.17] [1.51] [-1.31]
-0.67%** 0.05 0.04 0.06 0.11 1.48 0.01 0.00 0.48 0.15 0.48 -0.10 -0.03 -0.17
Model4 [-3.07] [1.49] [0.49] [0.56] [1.48] [0.87] [0.01] [0.01] [0.99] [0.49] [0.87] [-0.22] [-1.01] [-0.98]
-0.90*** -0.12%* -0.10 0.01 0.00 -0.20 2.23 1.77%* -0.81 0.72 1.18 0.24 0.19 0.08
Model3 [-4.85] [-1.83] [-0.59] [0.03] [0.04] [-0.05] [0.69] [2.08] [-0.78] [0.54] [0.95] [0.36] [0.69] [0.25]
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Panel B: Bond-level regression

Dependent Variable: Bond Return

Basisresidual  Rating Coupon Size Age Indliq PMKT PsmB PamL PDEF PTERM PLiQ PrLIQ PLvu

-0.77%** -0.04 -0.01 0.04 -0.03 0.90 -0.46 -0.22 -0.15 -0.40 -0.31%** -0.02 0.14%* -0.24%*

Model | [-11.12] [-146]  [-0.46] [0.85] [-1.15] [1.41] [0.66] [0.82]  [047]  [L12]  [7.62]  [-0.84] [2.02] [-2.02]
-0.73%** -0.02 -0.01 0.07 -0.01 1.04* -3.17* -0.17 -0.33 -1.48 -0.38%*** -0.34 0.17 -0.42%

Model2 [-6.34] [-0.52] [-0.55] [1.06] [-0.15] [1.96] [-1.92] [-0.22] [-0.45] [-1.54] [-9.68] [-1.06] [1.61] [-1.70]

-0.63*** 0.00 0.03 0.08 -0.09 1.10 -4.27% 0.31 0.07 -2.45% -0.41%%* -0.42 0.14 -0.62%*

Model3 [-3.98] [-0.05] [0.68] [0.92] [-0.91] [1.27] [-1.75] [0.32] [0.08] [-1.71] [-5.22] [-1.20] [1.44] [-2.02]

-0.69%** 0.05%** -0.03 0.00 0.04* 0.48 -0.01 -0.44% -0.02 -0.10 -0.24% %% 0.00 0.01 -0.40**

Model4 [-6.00] [3.84]  [-157]  [0.01]  [1.92]  [LO7]  [0.03]  [193]  [0.11]  [-0.84]  [574]  [-004] [0.94] [-247]
-0.87*** -0.11%*** 0.00 0.07 -0.09%* 1.33 -1.49 0.00 -0.24 -0.86 -0.43%** -0.41 0.26* -0.16

Model3 [-13.11] [-2.84] [0.11] [0.93] [-2.52] [1.15] [-1.08] [0.00] [040]  [-124]  [6.56]  [-0.86] [1.87] [-0.88]
-lo1*** S0.11%%*  -0.09%**  Q.11*** -0.04** 0.78* -1.50* -0.42 -0.07 -0.69* -0.31%** -0.33 0.17** -0.10

Model6 [-20.87] [446]  [-4.33] [3.37] [-1.99] [1.86] [-1.83]  [-135]  [0.19]  [-180]  [8.10]  [-125] [2.04] [-0.84]

-0.79%** -0.03 -0.01 0.04 -0.03 0.93 -0.79 -0.21 -0.14 -0.50 -0.34%%* -0.22 0.15% -0.28**

Model7 [-11.65] [[139]  [-0.51] [0.91] [-1.27] [1.42] [[1.03]  [-067] [042]  [-132] [779]  [-0.83] [1.86] [-2.18]
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