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Liquidity Risk and Momentum
Spillover from Stocks to Bonds

HAI LiN, JuNBO WANG, AND CHUNCHI WU

he literature has documented evi-

dence of a pronounced momentum

effect in stock returns (Jegadeesh

and Titman [1993, 2001]; Chan,
Jegadeesh, and Lakonishok [1996]). Stocks
that have performed the best in the recent
past continue to do well in the future. This
return pattern appears to be robust across dif-
ferent markets (Rouwenhorst [1998]; Griffin,
Ji, and Martin [2003]; Chui, Titman, and Wei
[2010]; Fama and French [2011]; Menkhoff
et al. [2012]). The magnitude of momentum
profits in economic terms is difficult to jus-
tify by standard risk-based theory. Therefore,
alternative explanations have been proposed
to explain the momentum anomaly by such
behavioral factors as underreaction to infor-
mation or investor overconfidence (Hong and
Stein [1999]; Chui, Titman, and Wei [2010]),
transaction costs (Korajczyk and Sadka [2004]),
or limits to arbitrage (Chabot, Ghysels, and
Jagannathan [2009]).!

An issue that naturally arises is whether
the momentum effect exists in other asset
classes. Empirical research in this area has
provided mixed results. On the one hand,
a number of studies have shown evidence of
momentum in various assets, such as curren-
cies (Kho [1996]; LeBaron, [1999]; Okunev
and White [2003]; Menkhoff et al. [2012]),
commodities {(Gorton, Hayashi, and Rou-
wenhorst [2008]), and government bonds
(Asness, Moskowitz, and Pedersen [2013]).

On the other, Gebhardt, Hvidkjaer, and
Swaminathan [2005] find no evidence of
momentum in returns of investment-grade
corporate bonds.? Instead, they find a signifi-
cant momentum spillover effect from equities
to investment-grade corporate bonds of the
same firm. Firms that have had high equity
returns in the recent past earn high bond
returns in the following year. This spillover
effect appears to be robust to various risk and
liquidity controls.

The phenomenon of momentum spill-
over from stocks to bonds presents a challenge
to asset pricing theory. Given the sheer size of
the corporate bond market, it is important to
understand what causes the spillover effect.
A possible explanation is that the corporate
bond market is less informationally efficient
than the equity market. Corporate bonds
are less liquid than stocks. To the extent that
informed traders prefer to trade in a more
liquid market, new information could be
impounded faster in the stock market than
in the bond market. This argument, however,
is not consistent with the empirical finding
that the corporate bond market is as infor-
mationally efficient as the stock market (see
Hotchkiss and Ronen [2002]).

Another possible explanation for the
equity momentum spillover is underreaction
of prices to fundamental news. Underreac-
tion could be a potential problem for corpo-
rate bond pricing if bond investors do not
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pay sufficient attention to the fundamental information.
Nevertheless, this explanation is not convincing either,
as Hotchkiss and Ronen [2002] show that corporate
bonds prices react to fundamental information in the
same way as stock prices.

The equity momentum spillover presents a profit-
able opportunity, but bond market traders may be pre-
vented from exploiting this effect due to transaction
costs. Gebhardt et al. [2005] examine the effect of trans-
action costs for corporate bonds and find that trading
costs weaken the profitability of momentum spillover
strategies. This finding is consistent with the evidence
that transaction costs reduce momentum returns in the
stock and current markets (Korajczyk and Sadka [2004];
Menkhoff et al. [2012]).

That the profitability of momentum strategies
hinges on transaction costs raises the issue of whether
returns on these strategies can be related to temporal vari-
ations of liquidity documented in the literature (Chordia,
Roll, and Subrahmanyam [2000]). Momentum returns
are relatively short-lived, and implementing momentum
strategies requires high portfolio turnover. As a result,
values of these portfolios are susceptible to fluctuations
in liquidity. If liquidity shocks induce systematic risk,
momentum returns can be regarded as compensation for
investors bearing liquidity risk if returns of momentum
portfolios are sensitive to unanticipated shocks to aggre-
gate liquidity.

Several important studies on the equity market
momentum have explored this possibility. For example,
Pastor and Stambaugh [2003] show that liquidity risk
explains about half of the equity momentum return.
Using a refined measure of the liquidity factor, Sadka
[2006] finds that liquidity risk can explain between 40%
and 80% of the cross-sectional variation in expected
momentum returns. Both studies show that stock win-
ners have a high liquidity beta. Studies in hedge fund
portfolios have also shown that liquidity risk is an impor-
tant determinant in the cross-section of hedge-fund
returns (Sadka [2010]; Teo [2011]). Funds that signifi-
cantly load on the liquidity risk factor subsequently have
higher returns than low-loading funds. These findings
highlight the importance of liquidity risk in explaining
the subsequent returns of momentum portfolios and
hedge funds.

In light of the literature on liquidity risk in the
equity return momentum, this article explores the role
of liquidity risk in the momentum spillover from stocks

6 LiQuUIDITY RISK AND MOMENTUM SPILLOVER FROM STOCKS TO BONDS

to corporate bonds. The liquidity risk we investigate is
not the risk that liquidity will be low when investors
need to trade but is instead the risk that the bond’s value
will drop when marketwide liquidity worsens. More
specifically, the risk examined in this study is deter-
mined by how a bond’s return fluctuates in association
with a state variable and not by how the bond’s liquidity
fluctuates.

Our approach thus contrasts with that of Gebhart
et al. [2005], who study the effects of transaction costs or
the level of the bond’s liquidity on momentum spillover
return. The fact that the level of liquidity can affect the
momentum return is not surprising, because investors
incur transaction costs. Our article contributes to the lit-
erature by focusing on a new dimension of the liquidity
effect that has not yet been explored in the studies of
momentum return spillovers.

Stocks and bonds are financial claims whose payoff
depends on the assets of the same firm, and so they share
common characteristics. Firms that have high stock
liquidity risk would therefore tend to have high bond
liquidity risk. For example, firms with high credit risk may
have assets whose values are sensitive to aggregate liquidity
shocks, and as a consequence, both stock and bond returns
have high exposures to liquidity risk.

This argument is supported by the literature.
Avramov et al. [2007] find that stock momentum profits
are positively related to the credit risk of firms. Sadka
[2006] finds that firms with high stock momentum
returns have a high stock liquidity beta. Lin, Wang, and
Wu [2011] find that high credit risk firms have a high
bond liquidity beta. Together, these studies suggest that
high credit risk firms have both a high stock and bond
liquidity beta and also high stock momentum. Their
findings suggest that liquidity risk can potentially be
important in explaining the momentum returns. This
article extends these studies by examining whether firms
with high momentum spillover from stocks to bonds
will have a high bond liquidity beta.

A number of studies have documented that
liquidity is an important factor in corporate bond
pricing. Bao, Pan, and Wang [2011] find a strong rela-
tion between illiquidity and bond prices. Lin, Wang,
and Wu [2011] find that liquidity risk explains a signifi-
cant portion of the cross-sectional variation in expected
corporate bond returns. Friewald, Jankowitsch, and
Subrahmanyam [2012] and Dick-Nielsen, Feldhutter,
and Lando [2012] show that liquidity is an important
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pricing factor and that its effects are more pronounced
for speculative-grade bonds. While these studies examine
the pricing of liquidity risk in the cross-section of bond
returns as a whole, we focus on the role of liquidity risk
in momentum spillover returns. Given that liquidity is
important in corporate bond pricing, it is natural to ask
whether the momentum spillover profits are related to
liquidity risk.

Our objective is to investigate whether liquidity
risk can explain the equity momentum spillover anomaly
in the corporate bond market. We examine how much
of the momentum spillover return can be attributed to
compensation for exposures to liquidity shocks. Using
a long-span transaction dataset, we assess the effect of
liquidity risk on returns of momentum portfolios based
on efficient asset pricing tests. An advantage of this dataset
is that it contains a large number of speculative-grade
bonds, which permits us to examine whether the equity
momentum spillover also exists in noninvestment-grade
bonds, an issue unexplored in the literature.’

We find that momentum spillover bond port-
folio returns are sensitive to liquidity shocks. There is
strong evidence that liquidity risk is positively related to
bond returns of equity momentum spillover strategies.
This positive effect remains significant economically
and statistically, even after controlling for the effects
of behavioral factors, idiosyncratic liquidity, and bond
characteristics. On average, the liquidity beta explains
about 40% of the momentum spillover profit for invest-
ment-grade bonds and 55% for speculative-grade bonds
over a 16-year sample period. Results suggest that a
significant portion of bond returns associated with the
equity momentum spillover can be construed as com-
pensation for investors bearing liquidity risk in trading
this anomaly.

This article contributes to the current literature of
momentum and corporate bond pricing in several aspects.
First, we show that the same equity-based liquidity risk
factor that explains equity momentum (see Pastor and
Stambaugh [2003]; Sadka [2006]) also explains the
momentum spillover from stocks to corporate bonds.
Second, we document a more pronounced effect of
equity momentum spillover for speculative-grade bonds
than for investment-grade bonds. Third, the momentum
spillover effect depends on liquidity and credit quality of
corporate bonds. Bonds with lower liquidity experience
a greater momentum spillover effect. Furthermore, the
liquidity factor interacts with the credit risk factor. The
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effect of liquidity on the equity momentum spillover is
stronger for bonds with a lower rating.

Last, the liquidity factors used in this study capture
the effects of important liquidity events. The liquidity
of low-grade bonds, which have the highest momentum
spillover returns overall, dries up faster than that of
other bonds during a financial crisis. Results show that
liquidity risk of high momentum spillover portfolios
manifests itself in the trading activities of the underlying
bonds. In anticipation of costly liquidation in a low-
liquidity environment, investors require higher expected
returns for low-grade bonds. This explains why port-
folios of speculative-grade bonds have both stronger
momentum spillover and a higher liquidity beta.

The remainder of our article is organized as fol-
lows. After we describe the data and liquidity measures
used in the empirical tests, we examine the effect of the
momentum spillover by using both portfolio and regres-
sion analyses and report results for the whole sample as
well as subsamples by rating. We then investigate the
pricing of liquidity risk with momentum spillover port-
folios and estimate the proportion of the spillover return
explained by the liquidity risk factor. Additional tests are
performed to check the robustness of results to alterna-
tive explanations. Next, we examine the importance of
liquidity risk and momentum profits in different eco-
nomic regimes, and the final section summarizes our
main findings and concludes the article.

DATA

The bond data are assembled from several sources:
the Trading Reporting and Compliance Engine (TR ACE)
and National Association of Insurance Commissioners
(NAIC) databases, Datastream, the Lehman Brothers
Fixed Income Database (LBFI), and the Fixed Investment
Securities Database (FISD). The data for stocks listed on
the NYSE, AMEX, and Nasdaq are obtained from the
Center for Research in Security Prices (CRSP) database.
Intraday and monthly return data are both used in our
empirical analysis.

The TRACE database contains price, time, and
size of transactions for publicly traded over-the-counter
(OTC) corporate bonds. The TRACE database was
established in July 2002 to improve transparency in the
corporate bond market. Through several phases of expan-
sion, TRACE has covered transactions of most publicly
traded bonds since October 1, 2004.* The only trades
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not included in the TR ACE database are those executed
through exchanges, most of which occur on the NYSE’s
Automated Bond System. As less than 5% of all bonds
are listed on the NYSE, the current TR ACE database
contains the vast majority of corporate bond trades in the
U.S. fixed-income market.

The NAIC database covers all transactions of pub-
licly traded corporate bonds, beginning in January 1994,
by life and property and casualty insurance companies
and health maintenance organizations (HMOs). The
Flow of Funds Accounts of the United States published
by the Federal Reserve Bank show that about one-third
of outstanding corporate bonds are held by insurance
companies. Several studies have used the NAIC data
and note that it covers bond transactions that are ade-
quately representative of the corporate bond market (see
Campbell and Taksler [2003]; Krishnan, Ritchken, and
Thomson [2005]; Cai, Helwege, and Warga [2007]).

The LBFI database contains month-end bid prices,
accrued interest, and characteristics of corporate bonds.
Lehman Brothers constructs its closely watched corporate
bond indexes from the prices in the LBFI database. We
choose only corporate bonds with dealer quotes, as Sarig
and Warga [1989] show that matrix prices are problem-
atic. Daily prices for corporate bonds are obtained from
Datastream International, which uses Merrill Lynch as
the data source. The bond price is an average price across
all market makers for the bond. We construct monthly
returns by using these prices observed at month-end. We
select only U.S. dollar-denominated bonds and exclude
those bonds with variable coupons. The LBFI and
Datastream datasets are two major sources of monthly
bond returns in the early period of our sample.

The FISD database includes issuance information
for all fixed-income securities that have a CUSIP and
those likely to receive one soon. It contains issue- and
issuer-specific information, such as coupon rate, matu-
rity, issue amount, provisions, and credit ratings for cor-
porate bonds maturing in 1990 or later.

TR ACE and NAIC provide transaction data of cor-
porate bonds. Transaction data are used for constructing
liquidity factors to estimate liquidity risk. In addition,
volume and frequency of transactions are important
information for ascertaining the effect of liquidity on
momentum returns. The TR ACE database covers cor-
porate bond transactions for a relatively short horizon.
Also, initially TR ACE includes only a small subset of
investment-grade corporate bonds, which are not rep-

8 LiQUIDITY RISk AND MOMENTUM SPILLOVER FROM STOCKS TO BONDS

resentative of the whole market. We merge the TR ACE
with NAIC transaction data to expand the sample size.
If transactions of the same bond are covered in both
datasets, we keep only those reported by TRACE. We
follow the data screening procedure in Bessembinder
et al. [2009] to eliminate cancelled, corrected, and com-
mission trades.

Monthly data are used in asset pricing and port-
folio tests. The LBFI database has breadth of coverage
of monthly corporate bond returns, but it ends in March
1998. Datastream provides price information for an
extended period but only for the bonds included in the
Lehman corporate bond indexes. To expand the bond
universe in empirical analysis, we construct monthly
returns from TRACE and NAIC databases using the
month-end transaction prices, and pool them with the
monthly returns obtained from the LBFI and Datastream
to create a long-span return series for corporate bonds.
Pooling these databases extends the sample period and
increases the sample size to facilitate more efficient tests
on asset pricing. To avoid double-counting, we keep
only one return record if the same bond is covered in
more than one dataset. We drop Datastream data when-
ever returns are available from other sources.®> When
both the Lehman data and transaction data are available,
we choose transaction-based return data.

We remove the data where the price or return is
problematic. Extreme bond price changes are indica-
tive of recording errors. In addition, we eliminate data
for bonds with a maturity of less than one year because
liquidity for these issues is low, which subjects them to
high pricing errors. To prevent the confounding effects
of embedded options, we exclude callable, puttable, con-
vertible, and sinking fund bonds, as well as bonds with
a floater or odd frequency of coupon payments. We also
drop bonds whose rating we cannot identify. We employ
primarily the Moody’s rating, but if it is unavailable, we
use the Standard and Poor’s (S&P) rating when possible.
Finally, we match bonds with stocks issued by the same
firms. Our sample contains a total of 44,427 bond issues,
with about 1.5 million bond-month observations. The
sample period is from January 1994 to September 2009.

The monthly corporate bond return as of time ¢ is
computed as follows:

_(R+AL)+C (R, +4lI,)

1
' P,+Al, 0
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where P is the price, Al is accrued interest, and C is
the coupon payment, if any, in month ¢. In constructing
monthly returns from TRACE and NAIC data, we
first compute daily prices as the trade-size-weighted
average of intraday prices over the day following the
procedure in Bessembinder et al. [2009] and then use
the month-end price to calculate returns. We use the
price at the end of each month to calculate the bond’s
monthly return. If the price record does not fall on the
last trading day of the month, we calculate the return
by interpolating the last price of the month and the first
price of the following month.

Panel A of Exhibit 1 summarizes the data sample
by year and rating category. The number of bonds and
issuing firms varies over time, and both the number
and value of corporate bond issues exhibit an uptrend.
The time series also shows a cyclical pattern, with a
decline in the number of bond issues and total value in
1999-2000 and 2008-2009. While the proportion of A
and BBB firms to the whole sample is fairly stable over
the sample period, there is a shift in the distribution of
firms in AAA/AA and junk categories. The proportion
of firms with a rating below BBB and AAA/AA firms
declines over the sample period.

Panel B of Exhibit 1 displays summary statistics
of monthly returns of bonds and stocks for firms in the
whole sample and in each rating category. We calculate
the cross-sectional average of contemporaneous corre-
lations between bonds and stocks at the firm level and
autocorrelations in individual bond and stock returns.
Individual bonds exhibit a weak positive first-order serial
correlation for all rating categories except for AAA/AA
bonds. Contemporaneous correlation is positive between
stocks and bonds at the firm level. Lower-grade bonds
have higher returns and volatility. Consistent with the
traditional view, speculative-grade bonds behave more
like stocks in that both volatility and concurrent correla-
tion with stock returns are higher for these bonds.

Monthly returns of the long-term government
bond index and one-month T-bill are collected from
the Federal Reserve Board. The default premium (DEF)
is the difference between the monthly returns of long-
term investment-grade bonds and government bonds.
The long-term investment-grade bond returns are based
on the value-weighted market portfolio consisting of all
investment-grade bonds in the sample with at least 10
years to maturity, where the weight is determined by the
market value of a bond at the beginning of each month.

SUMMER. 2013

The term premium (TER M) is the difference between
the monthly returns of the long-term government bond
and the one-month T-bill.

Default and term premium data are used to esti-
mate betas associated with these two risk factors. Besides
default and term betas, we estimate betas associated
with the Fama—French three factors (Fama and French
[1992]). The stock market, SMB (size), and HML (book-
to-market) factors are downloaded from Ken French’s
website.®

We construct the monthly series of the Pastor—
Stambaugh [2003] and Amihud [2002] liquidity mea-
sures using transaction data. For the Pastor—Stambaugh
liquidity measure, we first estimate each bond’s liquidity
(innovations) from time-series regression and then
aggregate individual liquidity measures to form the
monthly marketwide liquidity series using the method
of Pastor and Stambaugh [2003]. A bond’s liquidity is
estimated in a given month only if there are at least
10 return observations. For the Amihud measure, we
calculate the daily average of absolute value of returns
divided by dollar volume for each bond and aggregate
individual illiquidity measures to give the marketwide
illiquidity measure (see Amihud [2002]). We then
obtain the innovations from a time-series regression by
using a procedure as in Korajczyk and Sadka [2008]. For
ease of comparison with the Pastor—Stambaugh liquidity
measure, we convert the Amihud illiquidity innovations
by adding a negative sign. The converted innovation
series is referred to as the Amihud liquidity measure.

Panel C of Exhibit 1 provides summary statistics
of factors and correlation among factors used in asset
pricing tests. The monthly average stock market return
is 0.13%, with a standard deviation of 4.66% over the
sample period. Average monthly returns of the SMB
and HML factors are —0.03% and 0.47%. The average
monthly term premium is 0.3%, and the default pre-
mium is 0.03%. Both the Amihud and Pastor—Stambaugh
liquidity measures have means close to zero because they
are innovations by construction. Correlations among
variables are generally modest over our sample period.

MOMENTUM SPILLOVER FROM STOCKS
TO BONDS

We first examine profitability of the equity

momentum spillover strategy using the portfolio
approach. This part of the analysis is essentially an exten-
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sion of the work of Gebhardt et al. [2005] to a larger
and more recent data sample that includes also specula-
tive-grade bonds. This analysis serves several purposes.
First, using the more recent data, we perform subpe-
riod analyses to see if the momentum spillover effect
changes over time. Previous studies have shown that
momentum may weaken over time as more traders profit
from the momentum strategy. We examine whether this
phenomenon also happens to the momentum spillover
from stocks to bonds. Second, we document the first
evidence on the spillover effect for the speculative-grade
bond, which is a vital segment of the corporate bond
market. Third, recent availability of high-quality bond
transaction data through TR ACE allows us to examine
the effect of bond trading liquidity on the momentum
spillover.

To provide a direct comparison with the Gebhardt
et al. study, we employ a similar method in portfolio
sorts. At the beginning of each month, all firms are
first sorted by their past six-month equity returns into
10 (5) momentum portfolios in univariate (bivariate)
sorts. Future bond returns are then calculated for each
firm and averaged across firms in each portfolio. The
bond return for a firm is the value-weighted return of its
bonds, whereby the weight is based on the market value
of each bond at the beginning of each month. Future
monthly returns are calculated over a holding period
K. For instance, K = 1 represents the average monthly
return during the first month after portfolio formation,
and K =2, 4 is the average monthly return from months
two to four after portfolio formation.

The momentum spillover portfolio in each month
consists of all firms that have bond returns for that month.
The holding period portfolio return is the average of
the current period’s returns on the K previous months’
portfolios. For instance, K equal to 2 to 4 represents
the average of this month’s returns for the portfolios
formed two, three, and four months ago. This method
avoids the overlapping problem in portfolio returns and
facilitates calculation of t-statistics in the standard way
(see Jegadeesh and Titman [1993]).

We first calculate future bond returns for each firm
and then average monthly returns across all firms in the
portfolio by using both equal and value weights over the
holding period. When computing the value-weighted
average portfolio return, we use the weight based on the
total market value of bonds for each firm at the beginning
of each month. Future returns are calculated over dif-

SUMMER 2013

ferent holding horizons. We report the future bond
returns both including and excluding the most recent
month. The latter accounts for a potential reversal and/
or contrarian effect related to microstructure factors
(e.g., bid—ask bounce).

Equity Momentum Spillover

Panel A of Exhibit 2 shows results based on the full
sample. The t-statistics (in parentheses) are corrected for
autocorrelation using the Newey—West [1987] method.’
Consistent with the finding of Gebhardt et al. {2005],
both equal- and value-weighted portfolio returns show a
pronounced momentum spillover from stocks to bonds.
Firms with high stock returns in the past six months
have high future bond returns.

The difference in returns between winner portfolios
(portfolio 10) and loser portfolios (portfolio 1) is signifi-
cantly positive up to seven (four) months after portfolio
formation for equal- (value-) weighted returns. A major
difference is that our results show higher momentum
spillover returns. This could be because our sample con-
tains a large number of bonds with a rating below BBB.
As shown later, the momentum spillover return is sub-
stantially higher for speculative-grade bonds.

Excluding the extreme portfolios to mitigate
the potential data-recording error has little impact on
the basic conclusion. The return difference between
portfolios 9 and 2 reported at the bottom of Panel A
remains quite significant. In addition, the Sharpe ratio
shows economic significance of the equity momentum
spillover effect. For example, when returns are equally
weighted, the Sharpe ratio of the zero-investment bond
portfolio for the six-month horizon K = 2, 7 is 0.65,
which is comparable to that of stocks.

The momentum spillover effect can be stronger
for speculative-grade bonds, as they are traded more
often at a discount. Lower-grade bonds behave more like
stocks (see Kwan [1996]) and may thus have a stronger
momentum similar to stocks. Panel B of Exhibit 2
reports results by rating category. Results show a per-
vasive spillover effect across ratings. The differences in
returns between high (portfolio 5) and low (portfolio 1)
momentum spillover portfolios are significantly positive
for most holding periods.

More importantly, speculative-grade bonds
exhibit a much stronger momentum spillover effect.
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For example, for the one-month holding period K =1,
the return of the zero-investment portfolio is 84 bps
(t=6.23) for speculative-grade bonds, but it is only 19
bps (t=3.10) for AAA/AA bonds when returns are equal
weighted. The difference is even bigger in proportion
for the holding period K = 2, in which the return of
speculative-grade bonds is about six times that of AAA/
AA bonds (0.49 versus 0.08). The Sharpe ratio shows
the momentum spillover effect is more economically
significant for speculative-grade bonds (e.g., 2.12 versus
0.88 for AAA/AA bonds at K= 1). To our knowledge,
this is the first evidence on the momentum spillover
eftect for speculative-grade bonds.

Liquidity and Equity Momentum Spillover

The momentum spillover effect could stem from
low liquidity in the corporate bond market. Corporate
bonds are traded less frequently than stocks, and this
could induce the momentum spillover effect; infor-
mation may be impounded into stock and bond prices
through trading at different paces. Gebhardt et al. [2005]
use trading volume of the firm’s equity as a proxy for
bond liquidity. While liquidity of corporate bonds is
related to liquidity of stocks of the same firm, this rela-
tion is less than perfect. Thus, besides stock volume, we
use bond trading activity as a direct measure of bond
liquidity.

Panel C reports results of momentum spillover
portfolios by liquidity proxy. For brevity, we report only
equal-weighted portfolio returns, as value-weighted
returns give a similar pattern.® The first set of results
in the upper part of this panel is for portfolio sorts by
stock trading volume. Results show that firms with high
stock trading volume have a stronger equity momentum
spillover effect. The bond return of the zero-investment
5-1 portfolio at K= 1 for firms with high stock volume
is 58 bps, which is significantly greater than that (35
bps) for firms with low stock volume at the 1% level
(t = 3.08). A possible explanation for this difference is
that firms with higher stock volume have higher asym-
metric information, which is spilled over from stocks to
bonds that are less frequently traded, thereby inducing a
stronger momentum spillover effect.

We next report results of portfolio sorts by bond
volume. The information spillover effect is expected
to be stronger for firms with low bond trading volume
since information impounded in stock prices may have

16  LiQuipiTY Risk AND MOMENTUM SPILLOVER FROM STOCKS TO BONDS

not been fully reflected in bond prices in the short term
due to thin volume. Results support this hypothesis.
Firms with the lowest bond volume have the strongest
equity momentum spillover effect. The bond return of
the zero-investment 5-1 portfolio is 85 bps per month
with a ¢ value of 4.72 for firms with low bond trading
volume at K= 1, as opposed to a return of 34 bps with a
t value of 3.82 for firms with high bond trading volume.
The high—low return difference is =51 bps per month,
with a t value of —=3.34. This return spread in absolute
terms is much larger than that (0.23) stratified by stock
trading volume. Results for K = 2 and other holding
periods are similar. Thus, portfolio sorts by bond volume
appear to be more effective in assessing the liquidity
effect.

Results by bond trading frequency show a similar
pattern. Firms with low bond trading frequency expe-
rience a high equity momentum spillover effect. The
difference in momentum spillover returns between high
and low trading frequency groups at K= 1 is =52 bps per
month (t = —=2.96), which is comparable to the spread
of portfolios sorted by bond volume. Thus, results are
robust to the choice of different bond trading liquidity
measures.

Finally, we examine the joint effect of stock and
bond trading activities. For brevity, we report only the
results sorted by bond and stock volumes because those
based on trading frequency are similar. Firms with low
bond volume or high stock volume have a stronger spill-
over effect, and combining these effects could polarize
the results. As shown in the lower part of Panel C, this
is indeed the case. The zero-investment 5-1 portfolio
return of 111 bps at K = 1 for firms with high stock
volume and low bond volume is about five times that
(21 bps) for firms with low stock volume and high bond
volume.

Interactive Effect of Liquidity
and Credit Quality

Bonds with low ratings have high momentum spill-
over. This effect can interact with trading liquidity in
the momentum spillover. To explore this possibility, we
divide the sample by rating and trading liquidity. For
brevity, we report results based on volume only. Results in
Panel D show that firms with a high rating and low stock
volume have a weaker momentum spillover effect.
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For example, for firms with an AAA/AA rating
and low stock volume, the monthly return of the zero-
investment 5-1 portfolio is only 3 bps at K = 1, which
is not significant statistically. In stark contrast, for firms
with a rating below BBB and high stock volume, the
monthly return of the zero-investment 5-1 portfolio is
103 bps with a t value of 5.98. The zero-investment 5-1
portfolio returns are significant at the 5% level for all
holding periods up to seven months for firms with high
stock volume and a rating below BBB, whereas they
are all insignificant for AAA/AA firms with low stock
volume. Results show a significant interactive effect of
stock trading and credit quality.

Results by rating and bond volume show even
larger return spreads. For firms with a rating below BBB
and low bond volume, the return of the zero-investment
5-1 portfolio at K= 1 is 113 bps per month with a ¢ value
of 4.30, compared with a return spread of 10 bps with
a t value of 1.66 for AAA/AA firms with high bond
volume.

Summarizing, liquidity and credit quality both
affect the momentum spillover from stocks to bonds.
High stock trading volume accompanied by low bond
trading activity results in a greater momentum spillover
effect. The liquidity effect varies by bond quality. The
momentum spillover effect is much stronger for low-grade
firms with high stock volume and low bond volume.

Equity Momentum Spillover in Subperiods

The significant equity momentum spillover effect
suggests that a strategy based on past stock returns is
profitable for bond trading. If more traders use this
information to capitalize on the profitable opportunity,
the momentum spillover effect should weaken over
time. We examine this possibility by dividing the sample
period into two subperiods: 1994-2001 and 2002-2009.
The second subperiod covers the period after the 2002
TR ACE reform. During this period, more information
was disclosed in the corporate bond market, which could
reduce the constraint of arbitrage and make it easier for
traders to exploit the profitable opportunity.

Panel A of Exhibit 3 shows that the momentum
spillover effect generally declines in the second subpe-
riod. When returns are equally weighted, bond returns
of the zero-investment 10-1 portfolios are 47, 35, 24,
and 16 bps per month for K= 2, (2,4), (2,7) and (2,10)
in the first subperiod, all significant at least at the 5%
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level. Correspondingly, they are only 23, 5, 4, and 0 bps
in the second subperiod, none of which is significant at
the 5% level. The decrease in momentum profits is larger
for value-weighted returns.

Panel B reports results for subsamples stratified by
rating. The trend of equity momentum spillover varies
by rating category. For investment-grade bonds, the
momentum spillover effect decreases more for BBB and
A bonds for K > 1, whereas the change is smaller for
AAA/AA bonds. The largest decline in the momentum
spillover effect occurs for speculative-grade bonds. For
example, returns of the zero-investment 5-1 portfolios
are 65, 46, 28, 13, and 5 bps per month for K= 2, (2,4),
(2,7), (2,10) and (2,13) in the first subperiod but only
32, 11, 7, 3, and O bps in the second subperiod when
portfolio returns are equal weighted.

Results for value-weighted portfolio returns are
similar. The reason for the larger change for speculative-
grade bonds is not immediately clear. It could stem from
the improvement on transparency (information effi-
ciency) and liquidity after the 2002 TR ACE reform for
these bonds, which made it easier for traders to exploit
profitable opportunities. In addition, the flight-to-
quality during the subprime crisis could have weakened
the momentum spillover effect for low-quality bonds
because investors shunned high-risk bonds.

PRICING LIQUIDITY RISK WITH
MOMENTUM SPILLOVER PORTFOLIOS

The results in the preceding section show a sig-
nificant momentum spillover from stocks to corporate
bonds issued by the same firm. Bonds of firms whose
stocks have performed well in the past six months out-
perform bonds of firms whose stocks have performed
poorly in the past. This momentum spillover effect
is more pronounced for lower-quality and less liquid
bonds. In this section, we investigate whether liquidity
risk is important for explaining the momentum spillover
anomaly.

Risk-Adjusted Returns of Momentum
Spillover Portfolios

To explore the role of liquidity risk, we form
two sets of portfolios from the sample to give greater
cross-sectional dispersion in expected portfolio returns.
The first set contains 25 momentum spillover portfo-
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lios constructed from the entire sample. These portfo-
v 2% —a=~Scowl N Sono@d lios contain excess returns of bond portfolios formed
EE'I“I' T Ne MY 0~ NN Qe
E|”|x| —d-ge~sg ~d-gz--ocg by past (6-month) stock returns. The second set con-
Y . . . .
5 tains 5 momentum spillover portfolios for each rating
2 .1% weoeolfawms coslwwed group, with a total of 20 portfolios. This set of portfo-
‘m‘;'ﬁ' [l A - B R o —oNO =~ m 3 . . ‘g . .
M| e—cceces JadggsSSg lios allows us to examine whether liquidity risk pricin
T T q y p g
in momentum spillover portfolio returns is an intra-
- or interrating effect. Portfolio returns are all equally
- wnweacSaamin t\ot\as\o$mﬁ iochted
| 22532238 38538383 | weighed
< e < \P Pl Fama and French [1993] study common factors of
" corporate bonds and find that term and default premiums
':I' $R=2888F 83388 capture most variations in corporate bond returns. Using
coCcNOoO O COoOOoCOoOCOCOO
i =~ TT = = more recent data, Elton etal. [2001] find that the Fama-
2 French three factors can explain variations in corporate
- ~ 7~ o~ ~ . .
-‘:3,‘ '{; YRUJEBEE Zeozxlzesi bond returns. Based on these findings, we estimate the
|l ©°°QeePy eSecececece following two models:
3
-3
3| ~ - - ~
Tl TRTILEZE 2882 HRY r,—r, =0+PB DEF, +B,TERM, +¢, (2)
k| ScocSdoccg ooodoosoo /
R _ _ _ r,—r, =0+BMKT +B,SMB, +B,HML,
L] SOoNS SO o Soogo —~S = 4 ' 5 f f
T QEJIIRET 288858 where MKT, is the stock market excess return, SMB,
g a =~ ~ ~ ~ (small minus big) is the size factor, HML, (high minus
5 low) is the book-to-market factor, DEF, is the default
T premium, and TERM is the term premium.
2 E. 3eo8x0gfd 3g229ggsd Exhibit 4 reports estimates of risk-adjusted returns
x| °°Sgdocog oSsosgessg o) from the two- and five-factor models as well as excess
L
returns of momentum spillover portfolios. Parameters of
o - —_ - _ Models (2) and (3) are estimated from the time-series
8 $9I3838x $EIIBEE] regression of bond portfolio returns using the full sample
Panel A shows results for the 25 momentum spillover
2 portfolios. On average, past stock winners (P25) earn 90
% mwmv’?l\ml\g NO VDN =& .
2 Th—-3Tneod wnRKARvEoN bps in bond returns per month, whereas past stock losers
;N SO NS IS cooc oSS .
> (P1) lose 4 bps per month in bond returns. The monthly
« . .
2 - bond return spread is 94 bps, with a ¢ value of 8.55.
SRR -~ g @ -5 ) L
< F ERZAZETI YRR I=R Excluding the extreme portfolios gives a monthly bond
= return of 55 bps for the zero-investment 24-2 portfolio,
o = . - - with a t value of 6.17.
S T RA338FEe3 S88]850% Lead; L
8 | 23S gSdcu Sodmeadg Risk-adjusted returns (0t) show a similar pattern,
~ with past stock winners earning abnormal future bond
N Tl 53gfg2essS gs53feognd returns. The risk-adjusted return for the zero-investment
o “| eScdsSssy oS-cSge-Sg 25-1 portfolio is 89 bps with a ¢ value of 7.31 for the
— _ _ _ _ two-factor model and 88 bps with a f value of 7.17 for the
— — ' — | —_— 1 . .
: © b 2 b “ five-factor model. When excluding extreme portfolios,
g : . )
2 0= & o Q& — & risk-adjusted returns for the zero-investment 24-2 port-
T £288 £8 532 €3 ad _ P
¢ s SRR & | 2= &« folio are 45 and 44 bps, with ¢ values of 4.67 and 4.61 for
@ .
(53] the two- and five-factor models, respectively.
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Panel B reports excess returns and
risk-adjusted returns by rating category.
Risk-adjusted returns (@) for each of the
20 portfolios are estimated from time-
series regressions of the factor models in
(2) and (3) using the data for the whole
sample period. Within each rating cat-
egory, past stock winners (P5) earn higher
bond returns than past stock losers (P1).
Monthly return spreads between winner

EXHIBIT 4
Risk-Adjusted Returns of Equity Momentum Spillover Portfolios

This exhibit reports risk-adjusted returns (&) of momentum spillover portfolios
relative to the two-factor (DEF and TERM) model and the five-factor model (the
Fama—French three factors, DEF, and TERM). Panel A reports results for 25 equity
momentum spillover portfolios formed from the full sample. Panel B reports results by
rating category, whereby firms are grouped into four rating categories, AAA/AA, A,
BBB, and below BBB, and five equity momentum spillover portfolios are formed for
each rating category. Risk-adjusted () is estimated from the time-series regression of
portfolio returns at K= 1 using the full sample.

Two-Factor Model Five-Factor Model  and loser portfolios increase as the rating
Ranking  Excess Return t o P o P decreases. The monthly return spread (5-1)
Panel A: Momentum Portfolios is 19 bps with a ¢ value of 3.10 for AAA/AA
1 -0.04 —0.28 -0.13 =135 -0.18 —2.12 firms and 83 bps with a ¢ value of 6.23 for
2 -0.02 —0.13 -0.10 -0.97 -0.16 -1.74 : :
3 0.04 0.34 010 120 014 195 ﬁrms V\'/lth a rating below BBB. Resglts' for
4 0.13 1.15 0.00 —0.06 -0.04 -0.55  risk-adjusted return (ot) spreads are similar.
5 0.19 1.87 0.08 1.08 0.04 0.59  Within each rating group, winner portfo-
6 0.16 1.57 0.00 0.03 —-0.05 —0.67 lios h high risk-adiusted ret Rlisk
7 0.19 1.91 0.04 045  -0.01 —0.19 105 have nugh risk-adjusted returns. 1k
8 0.18 1.68 0.01 0.16 -0.05 -0.64  adjusted returns increase with credit risk.
9 0.21 228 0.07 0.93 0.02 026  For the five-factor model, risk-adjusted
10 0.26 2.62 0.10 1.30 0.06 0.86 f th . 1
n 0.26 255 0.09 123 0.06 ogo  returns of the zero-investment 5-1 port-
12 0.24 235 0.07 0.97 0.03 046  folios range from 16 to 72 bps with ¢ values
13 0.24 241 0.08 1.00 0.02 031 of 2.28 and 6.58, respectively. Results
14 0.24 2.44 0.07 1.00 0.03 0.45 . .
15 0.29 3.10 0.14 1.94 0.10 1.48 show that the equ1ty momentum Splllover
16 0.29 3.15 0.14 2.03 0.11 166  exhibits an interrating effect.
17 0.31 3.19 0.15 2.09 0.11 1.57
18 0.32 3.09 0.16 1.96 0.12 1.53 . C
19 0.30 3.14 0.14 1.95 0.09 143 Estimates of Liquidity Factor
20 0.35 3.38 0.18 2.32 0.14 1.88 Loadings
21 0.40 4.39 0.25 3.61 0.21 3.21
22 0.42 3.89 0.26 3.07 0.20 2.58 W, . b f h
23 0.44 391 0.28 311 0.23 2.76 /e estimate betas for each momentum
24 0.53 4.36 0.35 345 0.28 302  portfolio by using a six-factor model that
25 0.90 6.57 0.76 6.56 0.70 654  includes the Fama—French three factors,
25-1 0.94 8.55 0.89 731 0.88 717 default and term premiums, and a liquidity
24-2 0.55 6.17 0.45 4.67 0.44 4.61 T .
factor to explore the role of liquidity risk
Panel B: By Rating . . . .
AAA/AA in the equity momentum spillover. Specifi-
1 0.08 0.93 ~0.04 —0.63 ~0.04 065  cally, the liquidity beta is estimated along
5 0.27 3.15 0.12 229 0.12 223 with other betas from a time-series regres-
5-1 0.19 3.10 0.16 2.27 0.16 228 . .
A sion of the following model:
1 0.07 0.70 —-0.07 -0.91 —0.11 -1.54
5 0.46 3.78 0.27 2.79 021 245 1,— 1, =0+B,MKT +B,SMB, +B,HML,
5-1 0.38 4.40 0.34 435 0.32 4.15
. +B,DEF +B.TERM +B,L, +€,
1 0.04 0.34 -0.12 -1.66 —-0.14 -2.11 (4)
5 0.40 3.92 0.22 3.03 0.19 2.64
5-1 0.36 533 0.34 5.67 033 554 where L is the added liquidity factor,
Below BBB which can be either the Amihud or Pastor-
1 0.01 0.01 0.01 0.13 -0.06 065 g baueh Bet timated
5 0.84 6.41 0.71 6.44 0.65 6.21 ambaugh measure. Detas are estimate
5-1 0.83 6.23 0.70 6.09 0.72 658 from the time-series regression using the
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Panel A of Exhibit 5 shows estimates of liquidity
betas for the 25 momentum spillover portfolios. Bond
portfolios formed by past equity returns load positively
on both the Amihud and Pastor—Stambaugh liquidity
factors, and most liquidity betas are significant at least at
the 5% level. High momentum spillover portfolios have
large liquidity betas. The return of the zero-investment
25-1 portfolio has a liquidity loading of 1.41 (0.26) with
a tvalue of 2.08 (2.12) when using the Pastor-Stambaugh
(Amihud) measure as the liquidity factor. The liquidity
loading for returns of the zero-investment 24-2 portfolio
is naturally smaller but remains significant.

Panel B reports estimates of liquidity factor load-
ings in the six-factor model for the 20 portfolios formed
by past equity returns in different rating categories.
Within each rating category, high momentum spill-
over portfolios have large liquidity betas. The return of
the zero-investment 5-1 portfolio for speculative-grade
bonds has a liquidity loading of 0.38 (1.72) with a ¢
value of 3.55 (2.91) when using the Amihud (Pastor—
Stambaugh) measure as the liquidity factor. By contrast,
liquidity loadings associated with returns of the zero-
investment 5-1 portfolios for AAA/AA bonds are only
0.05 (0.25) with a t value of 0.70 (0.66) when using the
Amihud (Pastor—Stambaugh) liquidity measure. Clearly,
returns of the momentum spillover strategy are more
sensitive to liquidity shocks for firms with a rating below
BBB.

Exhibits 6 and 7 plot the relationship between
mean portfolio excess returns and liquidity betas for the
25 momentum spillover portfolios and the 20 spillover
portfolios (by rating), respectively. In Exhibit 6, excess
returns of bond portfolios formed by firms’ past equity
returns increase with both the Amihud and Pastor-
Stambaugh liquidity betas. In Exhibit 7, excess returns
of portfolios are positively related to the liquidity beta
across rating categories. High momentum spillover port-
folios of lower-grade firms have higher loadings on the
liquidity factor. The positive relation between liquidity
loadings and credit risk suggests that liquidity risk pricing
is partly an interrating effect. The graphs illustrate that
bond excess returns increase with liquidity loadings
of bond portfolios formed by past equity returns. The
statistical significance of the positive relation between
excess returns of momentum spillover portfolios and
liquidity loadings is tested by the cross-sectional regres-
sion below.

SUMMER 2013

Cross-Sectional Regression Tests

Momentum spillover portfolio returns are sensitive
to liquidity risk, and liquidity beta is positively related to
excess returns of portfolios. To test the significance of
this positive relation and to estimate the magnitude of the
liquidity risk premium, we conduct cross-sectional regres-
sions. We estimate betas from the time-series regression
using the full sample and perform cross-sectional tests in
each month. The cross-sectional test model is

E[R]=7,+7'B, (5)

where E[R ] denotes the expected excess return of port-
folio i, B, contains factor loadings estimated from time-
series regressions of (2)—(4), and Y is a vector of risk
prices. Betas are first estimated from the full sample, and
then the cross-sectional test is performed each month
based on these beta estimates. Mean and standard errors
of ¥, and y are calculated from the time series of param-
eter estimates from the cross-sectional regression each
month. Because the cross-sectional test is based on beta
estimates rather than true values, it is subject to the
error-in-variable (EIV) problem. We use the method
suggested by Shanken [1992] to correct this bias in stan-
dard error estimates.

The coefficients from the ordinary least squares
(OLS) cross-sectional regression are averaged over time
using the Fama—MacBeth [1973] methodology. Litzen-
berger and Ramaswamy [1979] show that this OLS
procedure is inefficient when volatility is time varying.
Thus, we also use the weighted least squares (WLS) meth-
odology to correct inefficiency. However, unlike their
method, we adopt the Shanken—Zhou [2007] method,
which uses the covariance—variance matrix of portfolio
return residuals from the first-step time-series regres-
sion as weights in the cross-sectional regression, and cor-
rect the EIV problem by the Shanken [1992] method.
Adjusted R* of WLS regressions are calculated using the
method of Kandel and Stambaugh [1995]. We report
both OLS and WLS results in the cross-sectional asset
pricing test.

Cross-Sectional Regression Results
for 25 Momentum Spillover Portfolios

Panel A of Exhibit 8 reports results of the cross-sec-
tional asset pricing test based on returns of 25 momentum
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EXHIBIT 5 spillover portfolios at K= 1. Both unad-
Liquidity Factor Loadings of Equity Momentum Spillover Portfolios justed (OLS) and adjusted (WLS) regres-

This exhibit reports the loadings of equity momentum spillover portfolios on the Amihud sion results show a similar pattern. T}.le
and Pastor—Stambaugh liquidity factors and the corresponding t-statistics. The loadings two factors, DEF and TERM, explain
are estimated from a time-series regression of excess portfolio returns of bonds on the 18% of cross-sectional return variations
Fama-French three factors, DEF, TERM, and a liquidity factor, which can be either across portfolios in the OLS regression,
the Amihud or the Pastor-Stambaugh measure. Panel A reports results for 25 equity  and default and term beta premiums are
momentum spillover portfolios formed from the full sample. Panel B reports results by
rating category, whereby firms are grouped into four rating categories, AAA/AA, A, BBB,
and below BBB, and for each rating group five equity momentum spillover portfolios are
formed. Liquidity loading (B) is estimated from the time-series regression of portfolio

significant at least at the 5% level. Intro-
ducing the Fama—French three factors
increases the adjusted R? to 21%, with

returns at K = 1 using the full sample. the equity market return (MKT) signifi-
cant at the 5% level.
Amihud Liquidity Factor Pastor-Stambaugh Liquidity Factor Consistent with the finding of Elton
Ranking Liquidity Loading t Liquidity Loading t et al. [2001], the Fama—French three fac-
Panel A: Momentum Portfolios tors help explain cross-sectional varia-
1 0.21 2.08 0.40 0.80 . in bond Th . k
) 0.22 2137 0.61 121 tions in bond returns. The equity market
3 0.32 3.73 0.54 1.30 factors are helpful, possibly because both
4 0.23 2.96 0.73 2.03 bonds and stocks are firms’ claims on the
5 0.27 3.67 0.75 2.03 .
6 037 539 1.50 370 value of the same underlying assets and
7 0.37 541 1.04 2.28 thus share some common variations in
8 0.33 4.75 1.60 4.26 returns. Another reason is that expected
9 0.33 5.08 0.82 2.24
10 0.26 371 1.35 351 default loss of corporate bonds changes
1 0.34 4.76 0.86 1.83 with equity price. As the equity value
12 0.26 3.90 1.24 335 : fault ri : :
3 0.94 so8 e 113 appreciates, default risk declines, which
14 030 4.46 1.36 173 can induce a systematic factor that affects
15 0.32 5.00 1.28 3.62 corporate bond returns.
16 0.26 3.96 1.03 2.80 . Y
17 027 308 100 64 A Adding t.he liquidity factor
18 031 4.20 1.47 3.62 improves the adjusted R? to 29% when
19 0.27 4.29 1.07 3.06 using the Amihud liquidity measure,
20 0.35 4.79 1.39 3.01 d the liquidity risk price is sienifi ¢
e 027 419 0.81 52 and the liquidity risk price is significan
22 0.36 4.76 1.28 3.07 at the 1% level. Results are similar when
23 . 431 s 3.50 using the Pastor—Stambaugh measure as
24 0.41 4.61 1.67 3.30 he liquidity Th ffici £
25 047 436 181 310 the liquidity factor. The coefficients o
25-1 0.26 2.12 141 2.08 both Amihud and Pastor-Stambaugh
24-2 0.18 1.84 1.05 2.00 liquidity betas are significant at the 1%
Panel B: By Rating level for both OLS and WLS regressions.
h 0.10 155 o1l 0.30 P‘\esu'lts st'rong.ly suggest that llquldlty
5 0.15 2.85 0.36 1.14 risk is priced in momentum spillover
5-1 0.05 0.70 0.25 0.66 portfo]io returns.
A . . .
{ 025 320 0.78 1.92 An important question is how
5 0.39 4.52 1.52 3.22 much of the momentum spillover effect
131-3113 0.15 1.75 0.74 171 can be explained by the liquidity beta.
. 0.20 2.07 0.54 1.38 Using the‘ A.m‘ihud liquidity 'factor,
5 0.36 5.13 1.15 291 the 25-1 liquidity beta spread is 0.26.
5-1 0.15 2.51 0.61 1.97 Given the point estimate of 1.14 for the
Below BBB liquidi isk price in the WLS
1 0.17 1.62 0.54 0.92 lqul lty r‘IS prlCC in the regres-
5 0.55 5.37 227 4.09 sion, this implies a liquidity spread of
5-1 0.38 3.55 1.72 2.91
22 LiQuinity RisK AND MOMENTUM SPILLOVER FROM STOCKS TO BONDS SUMMER 2013
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EXHIBIT 6
Relation between Bond Returns and Liquidity Betas of Equity Momentum Spillover Portfolios

Panel A plots the relation between excess returns and the Amihud liquidity betas, and Panel B plots that between excess returns and the

Pastor-Stambaugh liquidity betas of 25 bond portfolios formed by past six-month stock returns. Liquidity betas are full-sample estimates, and

Return in the vertical axis is mean excess returns of bond portfolios at K =1. The sample period is from January 1994 to September 2009.
Panel A: Relation between Return and Amihud Liquidity Beta

1 1 l T T

L | | | L
0.2 0.25 0.3 0.35 0.4 0.45 0.5

Amihud Liquidity Beta

Panel B: Relation between Return and Pastor-Stambaugh Liquidity Beta
1 1 i | x I T

0.6 n

04

Return (%)

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Pastor-Stambaugh Liquidity Beta

30 bps, which explains 32% of the return spread (94 (55 bps) between portfolios 2 and 24. The unweighted
bps) between portfolios 1 and 25. Similarly, the 24-2 OLS results give liquidity spreads of 39 and 27 bps,
liquidity beta spread is 0.18, which gives a liquidity which explain 41% and 49% of the 25-1 and 24-2 port-
spread of 21 bps that explains 38% of the return spread folio returns, respectively. Thus, a sizable portion of the
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EXHIBIT 7
Relation between Bond Returns and Liquidity Betas of Equity Momentum Spillover Portfolios by Rating
Panel A plots the relation between excess returns and the Amihud liquidity betas, and Panel B plots that between excess returns and the

Pastor-Stambaugh liquidity betas of 20 bond portfolios formed by past-six-month stock returns for each rating category. Liquidity betas are
full-sample estimates, and Return in the vertical axis is mean excess returns of bond portfolios at K = 1. The sample period is from January

1994 to September 2009.
Panel A: Relation between Return and Amihud Liquidity Beta
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Amihud Liquidity Beta across Rating Portfolios
Panel B: Relation between Return and Pastor-Stambaugh Liquidity Beta
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Pastor-Stambaugh Liquidity Beta across Rating Portfolios
momentum spillover return is explained by the liquidity Given the WLS estimate of 0.22 for the liquidity risk
risk premium. price, this implies a liquidity spread of 31 bps, which
Using the Pastor—Stambaugh liquidity factor, the explains 33% of the return spread between portfolios 1

liquidity beta spread between portfolios 1 and 25 is 1.41. and 25. Similarly, the liquidity spread between portfolios
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2 and 24 is 23 bps, which explains 42% of the return
spread between portfolios 2 and 24. The unadjusted OLS
results give higher liquidity spread estimates of 46 and
35 bps, which explain 50% and 63% of return spreads.
Again, the liquidity beta appears to be an economi-
cally significant determinant of momentum spillover
returns. Based on the overall average of regressions for
both liquidity measures, liquidity risk explains about
40% of the momentum spillover return at K= 1.

We also formed 25 momentum spillover portfolios
based on more conservative return estimates at K= 2. For
brevity, we summarize only key results in the first-step
time-series regression. Monthly return spreads of 25-1
and 24-2 portfolios at K= 2 are 51 and 26 bps. Liquidity
betas of the zero-investment 25-1 and 24-2 portfolios are
0.33 and 0.28, respectively, using the Amihud liquidity
factor, and 1.79 and 1.51, using the Pastor—Stambaugh
liquidity factor, all significant at the 1% level.

Panel B of Exhibit 8 reports results of cross-sec-
tional regression tests based on portfolio returns and
beta estimates at K = 2. The pattern is similar to the
cross-sectional regression of portfolio returns at K= 1,
although the significance of coefficients is reduced. For
the OLS and WLS regressions, both Pastor—Stambaugh
and Amihud liquidity betas are significant at the 10%
level. Using the Amihud liquidity factor, the point esti-
mate of 0.37 for the liquidity beta coefficient in the WLS
regression implies a liquidity spread of 12 bps, which
explains 24% of the return spread (51 bps) between
portfolios 1 and 25. The 24-2 liquidity beta spread of
0.28 gives a liquidity spread of 10 bps, which explains
39% of the return difference (26 bps) between portfolios
2 and 24. By contrast, the OLS results give liquidity
spread estimates of 14 and 12 bps, which explain 27%
and 44%, respectively, of the 25-1 and 24-2 portfolio
return spreads at K= 2.

Using the Pastor-Stambaugh liquidity factor, the
point estimate of 0.07 for the coefficient of the liquidity
beta in the WLS regression implies a liquidity spread of
13 bps, which explains 25% of the return spread between
portfolios 1 and 25. The 24-2 liquidity spread is 11 bps,
which explains 40% of the return difference between
portfolios 2 and 24. The OLS results give liquidity spread
estimates of 16 and 14 bps, which explain 32% and 52% of
the 25-1 and 24-2 portfolios return spreads, respectively.
Again, the evidence shows that liquidity risk is important
in the pricing of momentum spillover portfolio returns.
Results appear to be robust to microstructure effects.

SUMMER 2013

Liquidity Risk Pricing across Ratings

We next examine the effect of liquidity risk on
equity momentum spillover returns for bonds with dif-
ferent ratings. Panel C of Exhibit 8 shows results of
the cross-sectional regression test using the 20 portfo-
lios based on returns at K = 1. The goodness-of-fit and
estimation efficiency improves significantly by using
rating portfolios, as indicated by higher adjusted R? and
t values. The two factors, DEF and TER M, explain 35%
of cross-sectional return variations in the OLS regres-
sion. Default and term betas are significant at the 1%
and 5% levels in the OLS regression. Introducing the
Fama-French three factors increases the adjusted R? to
42% in the OLS regression. Adding the liquidity factor
further increases the adjusted R? to 47%. The coefficient
of the liquidity beta is significant at the 1% level for
both Amihud and Pastor—Stambaugh liquidity measures,
regardless of the OLS or WLS regression.

Using the Amihud liquidity measure, coefficient
estimates of WLS regressions give liquidity spreads for
the zero-investment 5-1 portfolios of 5, 14, 16, and 39
bps for bonds with ratings of AAA/AA, A, BBB, and
below BBB, respectively, which explain 28%, 38%,
44%, and 47% of the return spread between portfolios
1 (stock loser) and 5 (stock winner) in each rating cat-
egory. Using the Pastor—Stambaugh liquidity measure,
liquidity spreads of the 5-1 portfolios are 6, 18, 15, and
41 bps for bonds with ratings AAA/AA, A, BBB, and
below BBB, respectively, which explain 32%, 47%,
40%, and 50% of the return spread between portfolios
1 and 5 in each rating category.

By contrast, the OLS results give liquidity spread esti-
mates of 6, 18, 20, and 49 bps, which explain 34%, 47%,
54%, and 58% of the 5-1 portfolio return spreads when
using the Amihud measure. The OLS liquidity spread esti-
mates are 8, 25, 20, and 57 bps, which explain 44%, 64%,
55%, and 68% of the 5-1 portfolio return spreads when
using the Pastor-Stambaugh measure. Overall, results
show that on average liquidity risk explains a little over
40% of momentum spillover returns for investment-grade
bonds and 55% of returns for speculative-grade bonds.
The liquidity beta explains a higher proportion of the
momentum spillover returns for lower-grade bonds.

Panel D of Exhibit 8 shows cross-sectional regres-
sion results for bond portfolio returns at K = 2. The
liquidity beta continues to be significant at the 1% level
for WLS regressions. Using the Amihud liquidity mea-
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sure, liquidity spreads of the 5-1 portfolios are 2, 8, 10,
and 21 bps for bonds with ratings of AAA/AA, A, BBB,
and below BBB, respectively, which explain 23%, 57%,
57%, and 43% of the return spread between portfo-
lios 5 and 1 in each rating category. Using the Pastor—
Stambaugh liquidity factor, liquidity spreads of the 5-1
portfolios are 2, 6, 9, and 18 bps for bonds with ratings
AAA/AA, A, BBB, and below BBB, respectively, which
explain 17%, 43%, 47%, and 36% of the return spread
between portfolios 1 and 5 in each rating category. The
unadjusted OLS result gives higher liquidity spreads for
the model using the Amihud measure.

In summary, there is strong evidence that liquidity
risk is priced in the cross section of momentum spillover
portfolio returns. The liquidity beta explains an eco-
nomically significant portion of momentum spillover
returns, and the liquidity risk premium accounts for a
higher proportion of portfolio returns of lower-grade
bonds. Results show that liquidity risk explains the vari-
ation in momentum spillover effects across ratings.

Alternative Explanations

The preceding analysis shows that the liquidity
risk factor explains substantial cross-sectional varia-
tions in momentum spillover portfolio returns. How-
ever, the literature has suggested several other factors
that can explain stock momentum returns. It is unclear
how the liquidity risk factor fares against these factors
in the cross-sectional regression of momentum spillover
returns. In this section, we examine the robustness of
our results with alternative variables in the literature.

The first alternative variable we consider is trading
volume. Trading volume is related to cost of trading
or liquidity, information asymmetries, and uncer-
tainty about a firm’s future performance. The equity
momentum literature has suggested that behavior biases
generate excess trading volume (Odean [1998]; Gervais
and Odean [2001]; Scheinkman and Xiong [2003]).
There is a close relationship between trading volume and
overconfidence. Overconfident investors trade more,
as they overestimate the precision of their information.
We can examine whether this behavioral factor may
explain the momentum spillover returns in the cross
section using volume as a proxy (see also Chiu, Titman,
and Wei [2010]). In our empirical investigation, we
calculate abnormal volume, which is the percentage of
deviation of the volume in the preceding year from the

30 LiQuUIDITY RISK AND MOMENTUM SPILLOVER FROM STOCKS TO BONDS

average volume for the entire sample period, to capture
the volume effect.

The second important variable is return vola-
tility. Previous studies have suggested that trading by
investors with overconfidence and self-attribution bias
leads to excess volatility (Odean [1998]; Statman et al.
[2006]; Glaser and Weber [2009]). Chui, Titman, and
Wei [2010]) find that individualistic investors are sub-
ject to more bias, and their trading has a strong posi-
tive effect on volatility. These investors tend to make
investment choices that generate momentum profits. We
examine whether return volatility is a better predictor
of momentum spillover returns than other systematic
factors.

Moreover, the literature has suggested that bond
characteristics such as issue size, coupon rate, age, and rat-
ings can affect cross-sectional variations in bond returns
(see Longstaff, Mithal, and Neis [2005]). Issue size and
age are commonly used measures of bond liquidity.
Younger bonds with a larger issue size are more actively
traded and have higher liquidity. Since trading costs for
these bonds are lower, momentum strategies may be
more profitable for these bonds (Korajczyk and Sadka
[2004]; Lesmond et al. [2004]). Coupon may proxy for
the tax effect, as the interest income of corporate bonds
is taxable. Credit quality is related to the momentum
spillover. As shown in the preceding analysis, bonds with
lower ratings have higher momentum spillover. Finally,
we note that volume and volatility can also proxy for
liquidity. High volume and low volatility are typically
associated with high liquidity.

We include these variables in the cross-sectional
regression to check the robustness of our results to alter-
native explanations. Exhibit 8 (specifications 4 and 6)
reports results of cross-sectional regressions that incorpo-
rate these variables. For K=1 in Panels A and C, results
show both the Pastor-Stambaugh and Amihud liquidity
betas remain highly significant for both unadjusted (OLS)
and adjusted (WLS) regressions after controlling for the
effects of alternative variables. Results strongly indicate
that the liquidity beta is important above and beyond
the effects of alternative variables. Among the control
variables, coupon and age are significant at the 5% level
when the Amihud measure is used as the liquidity factor.
The rating is significant at the 5% level when using the
Pastor—Stambaugh measure as the liquidity factor. Vola-
tility is significant at the 10% level in both OLS and WLS
regressions (Panel A).
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In the regression of rating spillover portfolio returns
with K =1 (Panel C), volume is significant at the 10%
level when using the Amihud liquidity measure. Results
show some evidence for the effect of behavioral factors
on the momentum spillover. For K= 2, the liquidity beta
remains significant after incorporating alternative vari-
ables. The coupon rate is significant at the 1% level in
the rating spillover portfolio return regression and at the
10% level in the momentum spillover portfolio regres-
sion. Volume is significant at the 1% level (Panel D)
when using the Pastor-Stambaugh liquidity measure in
the rating spillover portfolio regression.

Overall, the evidence strongly supports the hypoth-
esis that the liquidity risk factor is priced in momentum
spillover portfolio returns. Liquidity risk explains a
significant portion of the cross-sectional variation in
portfolio returns. The effect of liquidity risk remains sig-
nificantly positive even after controlling for the effects
of behavioral factors and bond characteristics.

Robustness Check for Cross-Sectional
Regression Tests

In our cross-sectional tests, ¢ values and adjusted
R? are used to evaluate the importance of the liquidity
factor. Lewellen, Nagel, and Shanken [2010] argue that
when returns of test portfolios have a strong covariance
structure like SMB-HML or TERM-DEF portfolios,
loading on a proposed factor is likely to line up with
expected returns, as long as that factor is correlated with
the common sources of variations in returns but not
with the idiosyncratic residuals of portfolios. In such
a case, a factor like liquidity may have a significant
t-statistic and high cross-sectional R? in-sample, even
though it explains little of the cross-sectional variation
in true expected returns. To avoid this spurious regres-
sion, they suggest several ways to resolve the problem,
which include using portfolios sorted by factor load-
ings or characteristics in the cross-sectional tests, or
imposing a theoretical restriction on the risk premium
(i.e., setting the premium on a factor portfolio equal to
its average excess return) instead of estimating it as a
free parameter.

In the preceding cross-sectional tests, we used
portfolios sorted by a bond characteristic (rating) and
found that the results remained strong. This should pro-
vide some support for the cross-sectional test results. For
robustness, we tried another detective method, suggested

SUMMER 2013

by Lewellen et al. [2010], by imposing the restriction
that the risk premia of the Fama-French three factors
and term and default factors in the cross-sectional test
equal the average excess returns of portfolios formed by
these factors. This approach was also used by Pastor and
Stambaugh [2003] in the test of liquidity risk pricing in
stock returns.

Exhibit 9 reports results of cross-sectional tests,
which impose the theoretical restrictions on risk premia
of the Fama—French three factors, and term and default
factors. For brevity, we focus on the estimates for the
liquidity risk and characteristic variable. Results show
that the restrictions have little impact on our inference.
Ifanything, the liquidity factor becomes even more sig-
nificant after imposing restrictions on the risk premia
of factors. All estimates of liquidity risk price are sig-
nificant at the 1% level in the cross-sectional tests of
momentum spillover portfolios (Panels A and B) and
rating momentum portfolios (Panels C and D) for K =
1, 2, regardless of using OLS or WLS regressions. There
is no evidence of spurious regressions. Results strongly
suggest that the liquidity risk is priced in the momentum
spillover portfolio returns.

MOMENTUM SPILLOVERS IN DIFFERENT
STATES

Regime-Switching Regressions

Results in the preceding section show that the
liquidity factor plays a significant role in equity momentum
spillover. Naes, Skjeltorp, and @degaard [2011] find a strong
relation between stock market liquidity and the business
cycle. Together, these suggest that market liquidity and
economic conditions can affect the efficacy of momentum
spillover strategies. To gain further insight into the rela-
tion between liquidity risk and the equity momentum
spillover, we examine the performance of momentum
spillover strategies and the response of these strategies to
different economic conditions.

To investigate the varying relation between
liquidity risk and the equity momentum spillover, we
use regime-switching regressions. We fit the data to a
regime-switching model that allows for two distinct states
in the mean and variance of portfolio returns. Using this
approach, we can infer from the observed data the favor-
able and unfavorable latent states. We estimate the fol-
lowing regime-switching model:
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f, — 1 =0 + B1,s, MKT + ﬁz,s, SMB, + [33_3’ HML,

+ 134_5,1355 + BS‘S'TERM, + BQS,L, +€, ©)
where €, ~ N(O,Gi), S, =1, 2 represents bad and good
states, respectively, and the intercept and coefficients are
regime-dependent. P(S =1|S , =1)=p, P(S =2|S =
2) = q are regime transition probability parameters. The
regime-switching model postulates that the dynamics
of portfolio returns are governed by a Markov chain
with time-invariant transition probability. In this model,
we treat states as inherently unobservable and extract
information about them from the observed dynamics
of portfolio returns.

In empirical estimation, the dependent variable is
represented by a vector of excess returns for high- (P25)
and low-momentum portfolios (P1) formed by the full
sample and the high (P5) and low (P1) portfolios by each
rating category with a total of 10 portfolios.” We use
more conservative excess returns of momentum spillover
portfolios at K = 2 in empirical estimation.'” We jointly
estimate the parameters of the factor model for the 10
high- and low-momentum portfolios where the regime
indicators S, are identical for these portfolios in all ¢. The
regime-switching model is estimated by maximum like-
lihood. Details of the estimation procedure are described
in the appendix.

Exhibit 10 reports results of the regime-switching
regression. For each liquidity measure used in the model,
the first column reports parameter estimates for regime
1 (bad state) and the second column for regime 2 (good
state). Panel A shows that estimates of transition prob-
abilities are significant at the 5% level or higher, regard-
less of whether the liquidity factor is the Amihud or
Pastor—Stambaugh measure. In all, 39 (46) months in
the sample are classified as being associated with the bad
state and 95 (106) months as the good state when using
the Amihud (Pastor—Stambaugh) liquidity measure. The
liquidity level is —0.05 (—0.02) in regime 1 versus 0.02
(0.01) in regime 2 when using the Pastor—Stambaugh
(Amihud) measure as the liquidity factor. Results show
that liquidity is lower in the unfavorable state."

Panel B shows estimates of liquidity betas under
the two regimes. Liquidity betas are higher in regime
1, indicating that momentum spillover portfolio returns
are more sensitive to liquidity shocks in the unfavorable
state. Using the Amihud (Pastor—Stambaugh) liquidity
measure, liquidity betas for winner portfolios P25 are
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0.63 (2.36) and 0.44 (1.91) in regimes 1 and 2, respec-
tively. Correspondingly, liquidity betas are 0.23 (0.38)
and 0.18 (0.32) for loser portfolios P1 in two separate
regimes. All liquidity betas are significant at the 1%
level. The liquidity beta spread between winner and
loser portfolios widens in the unfavorable state. Liquidity
beta spreads are 0.40 (1.98) in regime 1, compared with
0.26 (1.59) in regime 2 when using the Amihud (Pastor—
Stambaugh) measure as the liquidity factor. All liquidity
beta spreads are significant at the 1% level.

Similarly, liquidity betas are higher in regime 1
across rating categories. Moreover, the difference in
the sensitivity to liquidity shocks between winner and
loser portfolios increases with credit risk. For example,
using the Amihud liquidity measure, the liquidity beta
spread between winner (P5) and loser (P1) portfolios
is 0.45 (¢t = 6.58) for speculative-grade bonds but only
0.01 (¢t = 0.16) for AAA/AA bonds in regime 1. Using
the Pastor—Stambaugh liquidity measure, liquidity beta
spreads are 2.18 and 0.02 with ¢ values of 21.06 and 0.15
for speculative-grade and AAA/AA bonds, respectively.
Results for regime 2 show a similar pattern for the credit
risk effect but with lower liquidity beta spreads for BBB
and speculative-grade bonds.

Based on the results of the regime-switching
model, we calculate profits of the momentum spillover
strategy in each regime. Panel C of Exhibit 10 reports
momentum spillover profits for the whole sample and
different rating categories. Momentum spillover profits
are significant at the 1% level in the favorable state but
insignificant in the unfavorable state. Results are sim-
ilar for both Amihud and Pastor—Stambaugh liquidity
measures.

The profitability of momentum spillover strate-
gies varies with credit risk. Results show an interesting
contrast between the two regimes. In the favorable state
(regime 2), momentum spillover profits increase as the
rating decreases. The profit is 52 (55) bps per month
for speculative-grade bonds but close to zero for AAA/
AA bonds when using the Amihud (Pastor-Stambaugh)
measure as the liquidity factor. On the other hand, in the
unfavorable state (regime 1), the momentum spillover
portfolio profit is insignificant for speculative-grade
bonds. By contrast, AAA/AA momentum spillover
portfolios have positive returns, which are significant
at the 10% level when using the Pastor-Stambaugh mea-
sure as the liquidity factor.
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EXHIBIT 10
Results of Regime-Switching Regression

This exhibit reports the results from the following regime-switching regression:

r,=r, =0 +B  MKT +PB, SMB +B,  HML +B, , DEF, +B,  TERM, +B, L +€,

where €, ~ N(0,6% ), S,= 1 and 2 indicate unfavorable and favorable regimes, respectively. The intercept and coefficients are regime-dependent
and are estimatedj'ointly for all portfolios. P(S = 1|§  =1)=p, P(S,=2|S , = 2) = q are regime transition probability parameters. The regime
variables S, are the same across portfolios. The dependent variable includes the lowest and highest momentum portfolios formed by the full
sample and by rating category. In all, there are 10 portfolios in the regression. Months classified as regime S are those with a probability of
more than 85% of being in that regime. The dependent variable is the portfolio return at K =2 in excess of the one-month Treasury return.
Panels A and B report estimates of transition probability and liquidity beta, and Panel C reports profits of momentum spillover strategies.

Panel A: Transition Probabilities and Periods of High and Low Liquidity

Amihud Measure PS Measure
172.99~¢* (82) 294.11~* (82)
0.42 (8.75) 0.37 (8.62)
Likelihoo: ratio test 0.76 (2.24) 0.80 (4.05)
q Regime 1 Regime 2 Regime 1 Regime 2
Number of months 39 95 46 106
Mean liquidity level -0.02 0.01 -0.05 0.02
Panel B: Liquidity Beta Estimates
Amihud Measure PS Measure
Regime 1 Regime 2 Regime 1 Regime 2
Full Sample
1 0.23 0.18 0.38 0.32
(4.77) 4.32) (5.21) 4.43)
25 0.63 0.44 2.36 1.91
(14.89) (15.16) (32.39) (26.16)
25-1 0.40 0.26 1.98 1.59
(5.18) (6.22) (19.15) (15.36)
By Rating Category
AAA/AA
1 0.12 0.06 0.30 0.15
(1.58) (0.86) (4.05) (1.99)
5 0.13 0.10 0.32 0.30
(1.78) (0.91) (4.25) (4.15)
5-1 0.01 0.04 0.02 0.15
(0.16) (0.42) 0.15) (1.53)
A
1 0.24 0.13 0.88 0.64
(4.25) (1.58) (12.08) 8.77)
5 0.39 0.29 1.77 1.50
(6.11) (4.93) (24.25) (20.48)
5-1 0.15 0.16 0.89 0.86
(2.12) (3.61) (8.61) (8.28)
BBB
1 0.15 0.11 0.46 0.40
(1.40) (1.48) 6.27) (5.40)
5 0.41 0.23 1.53 1.21
(5.31) 3.21) (20.94) (16.53)
5-1 0.26 0.12 1.07 0.81
(1.70) (2.50) (10.37) (7.87)
Below BBB
1 0.17 0.10 0.30 0.25
4.75) (3.88) (4.09) 3.39)
5 0.62 0.42 2.48 2.00
(12.76) (9.21) (33.87) (27.28)
5-1 0.45 0.32 2.18 1.75
(6.58) (6.12) (21.06) (16.90)
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EXHIBIT 10 (Continued)

Panel C: Profitability of Momentum Spillover Portfolios

Amihud Measure PS Measure
Regime 1 Regime 2 Difference Regime 1 Regime 2 Difference

Full Sample
1 1.00 043 -0.57 0.94 0.37 —0.56
2 0.85 0.43 -0.42 0.90 041 -0.49
5 1.01 0.39 -0.62 0.66 0.51 -0.15
10 0.93 0.54 -0.39 0.82 0.55 -0.27
15 0.90 0.47 -0.42 0.70 0.54 —0.16
20 0.90 045 -0.45 0.88 0.50 -0.38
24 1.11 0.60 —-0.51 1.05 0.68 —0.37
25 1.41 0.86 -0.55 1.34 0.86 —0.48
25-1 0.41 0.43 0.02 0.40 0.49 0.09

(0.90) (2.64) (0.06) (1.05) 3.01) (0.25)
AAA/AA
1 0.71 0.43 -0.28 0.39 0.49 0.10
5 0.99 0.44 —0.55 0.65 0.49 -0.16
5-1 0.28 0.01 -0.27 0.27 0.01 —0.26

(1.59) (0.18) -1.87) (1.72) (0.07) (-1.93)
A
1 0.89 0.44 -0.45 0.77 0.48 -0.29
5 0.86 0.60 -0.26 0.88 0.62 -0.26
5-1 -0.04 0.17 0.20 0.11 0.14 0.03

(-0.10) (2.03) (0.84) 0.47) (1.59) 0.13)

BBB
1 0.95 0.38 —-0.57 0.76 0.37 -0.39
5 1.05 0.54 -0.51 0.89 0.59 -0.30
5-1 0.10 0.17 0.07 0.13 0.22 0.09

(0.67) (4.28) (0.54) (1.35) 3.71) 0.77)
Below BBB
1 0.92 0.38 -0.54 1.05 0.34 -0.71
5 1.25 0.90 -0.35 1.40 0.90 -0.50
5-1 0.33 0.52 0.19 0.35 0.55 0.21

(1.19) (4.10) (0.72) (1.62) (3.98) (0.81)

The analysis above shows that the profitability of
the momentum spillover strategy depends on states of
nature. In the unfavorable regime, the momentum spill-
over strategy is profitable only for high-quality bonds
(AAA/AA). This finding may be linked to the flight-
to-quality phenomenon. To explore this possibility, we
further examine the risk and returns of momentum spill-
over portfolios during the turbulent period.

Momentum Spillover in the Liquidity
Dry-Up Periods

To directly link profits of momentum spillover
strategies to market liquidity conditions, we analyze
portfolio returns in illiquid times of our sample period.
The illiquid period is set to include the recent subprime
crisis period (July 2007 to June 2009) and the months

36 LiQuInITY RISK AND MOMENTUM SPILLOVER FROM STOCKS TO BONDS

with the lowest 20% of the Amihud or Pastor—Stam-
baugh liquidity index in the whole sample. The period
for the subprime crisis is consistent with the definition
used by Dick-Nielsen et al. [2012].

Exhibit 11 reports the results. Panel A shows that
profits of momentum spillover portfolios at K = 2 are
insignificantly different from zero when market liquidity
is low. This result holds for both the Amihud and Pastor—
Stambaugh liquidity measures. When we further divide
the whole sample into rating categories, an interesting
pattern emerges. The profit of the momentum strategy is
positive for AAA/AA bonds, but it is insignificantly dif-
ferent from zero for other bonds. For example, the profit
is 27 bps per month for AAA/AA bonds when using the
Amihud measure as the liquidity factor and 24 bps per
month when using the Pastor—Stambaugh measure, both
of which are significant at the 10% level. This result can
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ExHIBIT 11
Momentum Spillover in Illiquid Market Periods

This exhibit reports the performance of momentum spillover portfolios in times of illiquidity. Returns or profits of 10-1 portfolios for the
whole sample and 5-1 portfolios by rating are for the second month after portfolio formation (K = 2). The illiquidity period includes the
recent financial crisis period (from July 2007 to June 2009) and the months with the lowest 20% liquidity in the whole sample based on the
Amihud or Pastor-Stambaugh (PS) measure. The liquid period used in Panels A, B, and C is the whole sample period excluding the lowest
20% liquidity months and the crisis period.

Panel A reports returns of momentum spillover portfolios, and Panel B reports liquidity betas of portfolios in the illiquid period.
Panel C reports differences in momentum spillover portfolio profits between the illiquid and liquid periods. Panel D reports average and
aggregate values of trading volume and number of trades, as well as number of bonds traded per month for the crisis and normal periods.
The crisis period is from July 2007 to June 2009. The normal period includes the subperiods from October 2004 to June 2007 and from
July 2009 to September 2009.

Panel A: Profitability of Momentum Spillover Portfolios

Illiquidity Period-Amihud Illiquidity Period-PS
Portfolio Obs. Mean t-value Obs. Mean t-value
10-1 52 0.03 0.17 54 0.19 0.97
AAA/AA 52 0.27 1.86 54 0.24 1.82
A 52 0.04 -0.17 54 0.02 0.11
BBB 52 0.08 0.70 54 0.13 1.25
Below BBB 52 032 1.45 54 0.30 1.49

Panel B: Liquidity Beta

Iliquidity Period—-Amihud Illiquidity Period-PS
Portfolio Amihud t-value PS t-value Amihud t-value PS t-value
10-1 0.36 1.55 1.78 1.71 0.52 2,13 1.25 1.17
AAA/AA 0.00 0.03 -0.25 -0.35 ~0.04 -0.26 0.08 0.12
A 0.05 0.26 1.71 1.70 0.15 0.78 0.70 0.64
BBB 0.34 1.98 1.30 1.59 0.33 1.80 1.00 1.21
Below BBB 0.49 1.86 2.14 1.68 0.78 3.04 1.81 1.49

Panel C: Return Differences between the llliquid and Liquid Periods

Illiquidity Period—Amihud Illiquidity Period-PS
Portfolio Return Difference t-value Return Difference t-value
10-1 -0.44 -2.40 -0.23 -1.26
AAA/AA 0.26 2.19 0.23 1.94
A -0.25 -1.30 -0.17 -0.89
BBB -0.15 -1.52 -0.07 -0.75
Below BBB -0.22 —0.98 -0.26 -1.15

Panel D: Trading of Corporate Bond Markets in the Financial Crisis and Normal Periods

Mean Volume Mean Number Aggregate Aggregate Number Traded Bonds

Rating Period (min) of Trades Volume (bIn) of Trades (thd) (thd)
AAA/AA Normal 9.23 37.90 18.15 74.29 2.04
Crisis 10.62 57.48 20.68 109.99 2.10

A Normal 9.62 31.98 33.30 110.51 3.51
Crisis 12.88 57.02 36.49 161.75 2.83

BBB Normal 18.35 36.10 31.39 64.80 1.72
Crisis 13.76 49.20 26.19 95.29 1.89

Below BBB Normal 9.10 43.80 12.24 58.87 1.38
Crisis 7.78 38.59 7.92 39.60 1.04
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be attributed to the flight-to-quality phenomenon. When
market liquidity dries up, investors become less willing to
hold riskier bonds relative to high-quality bonds, which
are more liquid. As there is more demand for high-quality
bonds, prices of AAA/AA bonds are higher, leading to a
profit for the momentum spillover strategy.

Panel B reports liquidity betas for portfolios with
different ratings in times of low liquidity. The liquidity
beta of AAA/AA bonds is close to zero, whereas those
of BBB and junk bonds remain significantly positive.
This pattern persists regardless of whether we use the
Amihud or Pastor—Stambaugh measure. Results indicate
that when market liquidity is low, returns of lower-grade
bonds are more sensitive to liquidity shocks, possibly
because investors are more worried about the future
liquidity of these bonds. On the contrary, returns of
high-quality AAA/AA bonds are not sensitive to aggre-
gate liquidity shocks.

Panel C reports the differences in profits of
momentum spillover portfolios between the illiquid and
liquid periods.”? The liquid period is the whole sample
period excluding the lowest 20% liquidity months and the
crisis period. A positive number indicates higher profits
in the illiquid period. Results show that the momentum
spillover profit for AAA/AA bonds is significantly higher
in the illiquid period. By contrast, the profit is lower
in the illiquid period for other bonds. These results are
consistent with the estimates of the regime-switching
regression.

The standard measure of liquidity in the literature
is trading volume and frequency. We further examine
the trading activity for bonds in each rating category. To
provide a sharper contrast, we focus on only the trading
activity surrounding the subprime crisis period, instead
of the whole illiquid period.

Panel D reports average and aggregate volume and
number of trades and number of bonds traded per month
for the normal and crisis periods. For each month, we
calculate the average and total volumes and then take the
average for these two volume series. The crisis period is
again from July 2007 to June 2009. The normal period
covers the periods from October 2004 to June 2007 and
from July to September 2009. We choose October 2004
as the starting month for the normal period to avoid a
big jump in volume from the prior months due to the
large expansion in the coverage of bonds in TR ACE at
the beginning of that month. This arrangement provides
a more effective control period.
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Results in Panel D confirm that liquidity improves
for high-grade bonds but deteriorates for low-grade
bonds during the crisis. Trading volume increases during
the crisis period for high-grade bonds but decreases for
low-grade bonds. The speculative-grade bonds experi-
ence the worst deterioration in liquidity. The aggre-
gate volume and number of trades decrease by 35% and
33%, respectively, and the number of bonds traded per
month drops by 25% for these bonds. The average and
total volumes for BBB bonds also decline by 25% and
17% respectively. Thus, during the turbulent period, the
volume of riskier bonds dries up faster. Results show that
the liquidity risk of low-grade bonds manifests itself in
trading activities. The liquidity risk of low-grade bonds
is higher because the liquidity of these bonds is more
likely to decline in times of stress, thus precipitating a
substantial loss in value.

CONCLUSIONS

Pronounced momentum returns across different
markets pose a serious challenge to standard finance
theory. Despite the extensive literature, this issue is sur-
prisingly underexplored for the corporate bond market.
Various explanations have been proposed to explain the
momentum anomaly. However, the literature has not set-
tled on a generally accepted explanation for momentum
returns. Recently, liquidity risk has been proposed as a
plausible explanation for momentum returns (see Pastor
and Stambaugh [2003]; Sadka [2006]). Using a com-
prehensive transaction dataset, this article expands the
current literature by documenting the first evidence on
the role of liquidity risk in the momentum spillover
anomaly of corporate bonds.

We find a significant equity momentum spillover
effect from equities to speculative-grade bonds, and this
effect is much stronger than that documented in the lit-
erature for investment-grade bonds. More importantly,
we find a close relation between liquidity risk and the
equity momentum spillover. There is strong evidence
that liquidity risk is priced in the momentum spillover
portfolio returns. The liquidity risk premium accounts
for a larger proportion of the momentum spillover
return for lower-grade bonds. A significant portion of
equity momentum spillover returns can be construed as
compensation for investors bearing liquidity risk. This
finding is robust to controls for effects of behavioral fac-
tors and bond characteristics. Results show that the same
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equity-based liquidity risk factors that explain the stock
momentum effect also explain the equity momentum
spillover effect in the corporate bond market.

The analysis of momentum returns during the
illiquid periods provides further insight into the role of
the liquidity risk factor. The liquidity of low-grade bonds
dries up faster during the financial crisis period. Returns
of these bonds have much higher sensitivities (betas) to
aggregate liquidity shocks. The price of low-grade bonds
drops substantially during the crisis period because of the
flight-to-quality phenomenon. In anticipation of costly
liquidation in a low-liquidity environment, investors
require higher expected returns for low-grade bonds.
This explains why momentum spillover portfolios con-
sisting of speculative-grade bonds have both high returns
and high liquidity betas. Our empirical evidence shows
that liquidity plays a significant role in the momentum
spillover of corporate bonds and that the liquidity risk of
the high momentum spillover portfolio manifests itself
in the trading activities of the underlying bonds.

APPENDIX
Estimation of the Regime-Switching Model

This appendix illustrates how we estimate the regime-
switching model. The regime-switching model of portfolio
returns is

r,=r, =0 +B, MKT, +B, SMB +B, HML, +B,  DEF,
+B5§TI:RM +B, L, +E

where €, ~ N(0,0il) and S =1, 2 for all. ¢ is the unobserved
regime indicator for regimes 1 and 2, respectively. The
regime-switching model assumes that the dynamics of S are
described by a Markov chain with time-invariant transition
probability:

P(s =1|S_=1)=p

P(S,=21S_,=2)=¢q

where the sum of transition probabilities is equal to one.

We jointly estimate parameters of the model for high-
and low-momentum spillover portfolios by maximum likeli-
hood. Let [ = {r,,... , r} where r is the vector of bond excess
returns attime t, t=1, 2, ..., T. Also, let X, be the information
set of factors, and 0 be the vector of unknown parameters. In
our model, 7, contains returns of 10 portfolios, which include
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portfolios 1 and 25 formed from the full sample and portfolios
1 and 5 formed for each rating category (AAA/AA, A, BBB,
and below BBB), and x, includes observations for the six fac-
tors. The conditional likelihood f{r |x,,I ;0) at time f can be

calculated as the weighted average of conditional likelihood
under two regimes:

f(V, Ixi’Il—l;e)
= f(1.S, =11x,1_:08)+ f(r.S, =2|x,.1_,:0)
= f(r1S,=1x,1_;8)xP(S,=1|x,1,_,;6)
+f(r1S,=2x,1_;8)xP(S,=2|x,1_:6)

=0, xP(S,=1|x,I_;8)+n, xP(S,=2|x,1,,:6)

-1

where

1 Ell 'Q;]Elr
N, = T erp| ~ "
det(ZRQ!) 2

Elt 'Q;IE21 ]

1 [_
- \/det(ZnQQ) o 2

E, and E, are the time ¢ vectors of return residuals €, and Ql
and Q, are the variance-covariance matrix of return residuals
with off-diagonal terms equal to zeros under regimes 1 and
2, respectively. Moreover,

P(s =i|x,1_:0)
=p(s =i,S, =1|x.I_:8)+P(S =i,S_ =2|x.I_:0)

=p(s =ils, =tx.1_:8)xP(s_ =1jx.I_:8)
+P($ =i(S, =2x.1_;8)xP(s_ =2|x.I_:0)
{px[’( L=10x.0 :8)+(1-g)x (S =2]x.1_:8), i=1
(1-p)xp (H=1|.\-,.1,_|;e)+qxp(sH=2|x,,1,~‘;9), i=2
and
P(s_ =ilx,1_;8)

= (Sl 1 _’IAr’ :—1’11—’;6)

— f(rr—l' 'le—l’ l—";e) .

= ,i=1, 2

f(r—llx:—l’ll-l’e)

The initial value P(S, = i|x,,I;8) equals the uncondi-
tional regime probability, which is (1—¢)/(2—p—q) when i =1
and (1-p)/(2-p—q) when i=2. From P(S, = i|x ,1,;0), we first
calculate P(S, =i|x,,I;8) and f(r |1,;8), and then recursively cal-
culate f(r, |x,,1;:0), ..., f{r,|x,,1,_;8). Parameters @ are chosen to

maximize the log-likelihood Z,=llogf(r, | x,,1 '6) , that is,

=1
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B-argmaxz[_ logf( X, 11,9)

Let P(S, =i|x,, I{;é) denote the inference about the
value of S lgased on the data through time t and estimated
parameters 0. This inference measures the possibility that the
tth observation was generated by regime i. Denote the con-

S =1 ,I,G
(5, =11x,.1:9) by E«m Con-
( —-2|x!, )

ditional probabilities can be calculated by iterations through
the following relations:

ditional probability vector |:

A

£, .on,
JRICHEY) )

&1+1|1 H glh 4

. [(1-gM2-p~4q)
gm_[(l-z’)/(%?-q)]

where P, =1]x,1 ,pé) ' = L
§I|l|_ ! n
PSS, =2x,I_; ) 2

H=|: P 1—q:|, 1 is a 2x1 unit vector, and ° denotes
I-p ¢

element-by-element multiplication. In empirical estimation,
we define a state as regime 1 if P(S, =1]|x,,1,;8) 2 85% and as
regime 2 if P(S =2|x,,I;0) 2> 85%.

To test whether the regime-switching effect is signifi-
cant, we estimate the model without regime switching. Let
the log-likelihood value of the regime-switching model be
L, and that of the model without regime switching be L,
The likelihood ratio test is used to determine whether the
regime-switching effect is significant. The test statistic is
L=2x (L~
with a degree of freedom equal to the number of restricted
parameters (82 in our model).

L,.), which follows a chi-square distribution

ENDNOTES

'Momentum strategies involve high portfolio turnover
and nontrivial trading costs (Moskowitz and Grinblatt [1999];
Grundy and Martin [2001]). Several studies have examined
whether strategies used to exploit momentum anomalies can
be profitable after accounting for transaction costs (Lesmond,
Schill, and Zhou [2004]; Korajczyk and Sadka [2004]). Men-
khoff et al. [2012] find that currency momentum returns are
partially explained by transaction costs.
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*They find that bond returns exhibit reversal instead.
Khang and King [2004] report a similar finding,.

*Gebhardt et al. [2005] study the spillover effect only
for investment-grade bonds.

*Initially (Phase I), TRACE covered about 500 U.S.
investment-grade corporate bonds with an original issue size
of at least $1 billion. On March 1, 2003 (Phase I1), TR ACE
expanded its coverage of transactions to include bonds rated A
and above with issue size of greater than $100 million and 120
Baa bonds with issue size of less than $1 billion. On October
1, 2004 (Phase III), the database was further expanded to
cover all publicly traded corporate bonds.

Datastream data are usually perceived to be of not as
good quality as the other sources.

“See mba.tuck.dartmouth.edu/pages/faculty/ken.
french/.

"We use six lags in the Newey—West procedure, which
is found to be sufficient for the autocorrelation correction.

8Results for value-weighted portfolios are available on
request.

*These include portfolios 1 and 25 formed from the full
sample and portfolios 1 and 5 for each rating category (AAA/
AA, A, BBB, and below BBB).

"The results based on excess returns at K = 1 are
stronger. Thus, results at K= 2 provide a low bound.

""Months classified as state 1 or 2 are those with a prob-
ability of more than 85% of being in that state.

"“Subtracting the return in Panel C from that in Panel

A gives the return in the liquid period for each group of
bonds.
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LiQuiDITY RISK AND MOMENTUM
SPILLOVER FROM STOCKS TO BONDS 5

Ha1 LiN, JUNBO WANG, AND CHUNCHI WU

This article investigates the role of liquidity risk in the
momentum spillover from stocks to bonds by using a large
data sample.The evidence strongly suggests that liquidity risk
1s an important determinant of momentum spillover returns.
This finding is robust to controls for effects of trading liquid-
ity, credit risk, behavioral factors, and bond characteristics.
On average, liquidity risk explains about 40% of momentum
spillover profits for investment-grade bonds and 55% for
speculative-grade bonds over the 16-year sample period. A
significant portion of momentum spillover returns can be
viewed as compensation for investors’ exposure to liquidity
risk when engaging in trading this anomaly.

QUANTIFYING AND EXPLAINING

THE NEW-ISSUE PREMIUM IN THE
POST-GLASS—STEAGALL CORPORATE
BOND MARKET 43

ROBERT S. GOLDBERG AND EHUD . RONN

The authors document and rationalize the premium paid
by bond issuers in the corporate bond markets. Changes
in the bond market over the past 30 years have shifted the
new-issue pricing risk from investors to banks and back
to investors, with large institutional investors acting as a
de facto adjunct underwriting group, and this process has
required both capital commitment as well as a commitment
to taking on unsystematic risk for which investors require
compensation. The authors use the superior data prevalent in
trades under the TRACE system to compute the new-issue
premium (NIP) and relate the magnitude of that premium to
predetermined economic variables: the level of the corporate
bond spread; the future volatility of swap spreads; the prevail-
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ing value of unsystematic risk in the bond markets; the spread
of the issuer to the Treasury market at time of issuance; and
the tenor of the new bond issue. They then present a model
for the required NIP based on compensation for informa-
tion uncertainty and the bearing of unsystematic risk. In so
doing, they also address the issues of oligopolistic pricing and
wealth transfer that occur at time of issuance.

STRUCTURAL CREDIT LOSS
DISTRIBUTIONS UNDER
NON-NORMALITY 56

ENRIQUE BATIZ-ZUK, GEORGE CHRISTODOULAKIS,
AND SER-HUANG POON

In the context of Merton [1974] and Vasicek [1987, 2002]
Gaussian single-factor credit risk models, the authors exam-
ine the impact of neglected non-normality of the underlying
asset return process on the shape of the derived credit loss
distribution and the resulting Basel capital requirements.
They relax the Gaussian assumption and specify skew-nor-
mal and skew-student ¢ densities to model the underlying
asset return process, thus generalizing the credit loss distribu-
tion, and develop a maximum-likelihood estimator for the
structural parameters. They apply their approach to aggregate
charge-off rates published by the Federal Reserve Board for
10 U.S. sectors.

The authors show that the non-gaussian modeling of the
common factor provides a better characterization of data
than its Gaussian counterpart and that it has a significant
impact on the capital requirements, depending on the sign
and magnitude of the skew-related coefficient. On the other
hand, the non-gaussian modeling of the idiosyncratic fac-
tor does not provide a significantly better characterization
than the Gaussian base case. The latter could stem from the
fact that the sector portfolios are large, so the idiosyncratic
component has been diversified away.
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