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Figure 4 plots lagged 36-month returns and future 6-month returns of the MAX and
MIN portfolios. Lagged market returns seem to be positively related to the first 6-month re-
turn of MIN but not to that of MAX. Confirming this observation, when the dependent
variable is the first 6-month return of MIN, the coefficient on lagged market returns is
0.035 with a #-statistic of 2.92. However, lagged market returns have no significant ex-
planatory power for the corresponding returns of MAX—which is where momentum prof-
its are significant. Moreover, there does not seem to be a connection between the
significance of lagged market returns in explaining short-run returns, and the effect of
lagged market returns on long-run reversals. Indeed, alphas from this regression (reported
in Table VII, Panel A) indicate that MAX and MIN return patterns not only persist, but
also appear to be exacerbated when we control for market states.

Overall, lagged market returns do not seem to be an important determinant of MAX
portfolio return continuation, and consequently are unlikely to be a fundamental determin-
ant of momentum returns.

4.2 Investor Sentiment Index

Baker and Wurgler (2006) construct a sentiment index that predicts future returns of vari-
ous zero investment portfolios. If the behavioral biases that can potentially explain momen-
tum patterns are correlated with investor sentiment, or if these biases also affect the
underlying sentiment proxies discussed above, then we might expect the sentiment index to
be correlated with momentum return patterns, and perhaps subsequent reversals as well
(Antoniou, Doukas, and Subrahmanyan, 2011).

We test whether the investor sentiment index explains the return patterns that we docu-
ment. We measure investor sentiment at the time of portfolio formation by taking a simple
average of the sentiment index in the prior 6 months. The sentiment index for a given
month is calculated as the average sentiment index of the overlapping momentum port-
folios. To control for the sentiment level, we use a regression specification similar to that of
Baker and Wurgler’s regression specification (5). Thus, we regress momentum portfolio re-
turns on average sentiment in addition to the Fama-French three factors. We find that the
investor sentiment index is positively correlated with the returns of the momentum port-
folio that invests in all stocks, although this relationship is not significant at the 10% level.

The results indicate that the investor sentiment index is not significant in explaining re-
turns of MAX, but it is (weakly) significant (coefficient of 0.0046 and ¢#-statistics of 1.83) in
explaining the first 6 months returns of the MIN portfolio. These results can also be
inferred from Figure 4, which plots the subsequent 6-month returns of our portfolios and
the investor sentiment index at the portfolio formation period. Moreover, investor senti-
ment is not significant in explaining the returns of any portfolio in the longer horizon 12—
24 and 24-36 month intervals. Thus, there appears to be no link between the portion of
momentum explained by the sentiment index and long-run reversals.

Overall, the results in Panel B of Table VII indicate that the investor sentiment index is
not important in explaining the time-series patterns that we document, in particular for
MAX portfolio returns where momentum profits are evident.

4.3 Market llliquidity and Arbitrage Constraints
If momentum portfolio returns are a result of arbitrage constraints, then momentum returns
should be higher when aggregate market illiquidity is higher. Recently, Avramov, Cheng, and
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Table VII. Controlling for market factors

The table shows alphas of MAX and MIN portfolios for the 0-6, 6-12, 12-24, and 24-36 month
holding periods after controlling for Fama and French three factors and measures of market
sentiment at the time of portfolio formation. Coefficients of past market return and its squared
and investor sentiment index and their significance levels are provided in the text. Panel A re-
ports alphas from a regression of portfolio returns on Fama-French three factors and past 36
months market return and its square. We calculate past 36 month return for each month as the
equally weighted past 36 month returns of all portfolios that contribute to MAX and MIN returns
for that month. Past 36 months returns are measured at the time of portfolio formation. Panel B
reports alphas from a regression of portfolio returns on Fama-French three factors and market
sentiment index from Baker and Wurgler (2006). We calculate sentiment index for each month
as the equally weighted sentiment index of all portfolios that contribute to MAX and MIN re-
turns for that month. Sentiment index is measured at the time of portfolio formation. MAX, MIN
portfolios are defined in Table V. The sample consists of NYSE, Amex, and Nasdaq stocks. We
skip 1 month between the portfolio formation period and the subsequent holding period. The t-
statistics are reported in the second row and calculated using Newey-West standard errors
with 12 months lag.

Portfolio 0-6 months 6-12 months 12-24 months 24-36 months

Panel A: Controlling for past market return and market return squared

MAX 1.04 0.66 0.39 0.21
4.84 3.24 2.02 1.34

MIN 0.04 —-0.33 —0.46 —0.42
0.14 -1.35 -3.24 —2.58

Panel B: Controlling for Baker and Wurgler (2006) investor sentiment index

MAX 1.30 0.63 0.14 —0.01
6.87 4.20 0.79 —0.08

MIN 0.34 -0.25 —0.52 -0.29
1.61 -1.25 —3.62 —2.28

Panel C: Controlling for market illiquidity

MAX 1.27 0.39 —0.02 —-0.24
4.79 1.71 —0.11 -1.32

MIN 0.41 —0.31 —0.40 -0.19
1.31 -1.23 -2.09 -1.13

Panel D: Alpha over returns predicted by Chen, Roll and Ross five factors

MAX 1.00 0.14 —0.20 -0.14
4.92 0.69 —-1.12 -1.01

MIN —0.34 —0.68 —0.53 —-0.24

-1.15 —2.81 -3.21 1.50

Hameed (2014) consider a possible relation between momentum and market illiquidity, and
find, contrary to this intuition, that momentum profits are higher in liquid markets. This is
consistent with our finding that MAX has higher returns, despite the fact that constructing
MAX involves shorting larger losers which are more liquid compared with MIN portfolio
losers. In addition, recall that, despite differences in the (il)liquidity of MAX and MIN, con-
trolling for a liquidity factor does not affect return patterns (see Table VI, Panel E).

In a separate test, we consider whether variation in market illiquidity is associated with
the returns patterns of MAX and MIN portfolios. We measure market illiquidity as the
value-weighted average of each stock’s monthly Amihud (2002) illiquidity, estimated using
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daily data. We use only NYSE/AMEX stocks in the calculation (as in Avramov, Cheng, and
Hameed, 2014). The market illiquidity is lagged by 1 month for each momentum portfolio
and market illiquidity for a given month is calculated as the average market illiquidity of
the overlapping momentum portfolios. We regress momentum portfolio returns on market
illiquidity in addition to the Fama—French three factors. These results are presented in Panel
C of Table VII.

For the conventional momentum portfolio, market illiquidity is negatively and signifi-
cantly correlated with momentum portfolio returns, confirming the results of Avramov,
Cheng, and Hameed (2014). In contrast, both MAX and MIN portfolios returns load nega-
tively but insignificantly on market illiquidity in the first 6 months. The negative coeffi-
cients arise from the loser side of the portfolios: both MAX and MIN losers (which are
shorted) load positively and significantly on market illiquidity. The loadings on market illi-
quidity are insignificant for longer horizons, with the exception that MAX has a positive
and significant loading in the 24-36 month interval.

Our focus is on the time-series patterns of MAX and MIN alphas, after controlling for
market illiquidity. The results in Panel C show that the return patterns of MAX and MIN
remain the same. These results can also be inferred from Figure 4, which plots the subse-
quent 6-month returns of our portfolios and market illiquidity. In summary, arbitrage con-
straints do not seem to explain return continuation in MAX and momentum and reversal
patterns continue to be separable.

4.4 Macro-Factors

The findings in Avramov and Chordia (2006) indicate that there may be an undiscovered
risk factor, perhaps related to the business cycle, which has the potential to explain momen-
tum returns. More recently, Liu and Zhang (2008) show that industrial production as a
risk factor can explain a substantial portion of momentum returns. Motivated by these
studies we explore whether business cycles affect our findings.

We follow Liu and Zhang (2008) and estimate predicted returns using macroeconomic
factors. Specifically, we use the five factors employed in Chen, Roll, and Ross (1986) as our
fundamental variables: (log) change in monthly industrial production index, unexpected in-
flation, change in expected inflation, term premium, and default premium. "'

To estimate premiums associated with macro-variables, we use thirty test portfolios: ten
size portfolios, ten book-to-market equity ratio portfolios, and ten momentum portfolios. All
portfolios are downloaded from Kenneth French’s website. In the first stage, we use 60-
month rolling regressions to estimate factor loadings of the test portfolios on the macro-fac-
tors. In the second stage, we use the methodology in Fama—MacBeth (1973) to estimate risk
premiums for the five factors. Next, we use rolling regressions with 60-month windows to es-
timate our portfolios’ betas with respect to the calculated risk premiums. Later, betas (based
on lagged information) are used together with risk premiums to calculate predicted portfolio
returns. In Panel D of Table VII, we report the alphas of our portfolios, calculated by sub-
tracting predicted returns from realized returns. We find that MAX returns are reduced by 30
basis points in the first 6 months and by 10-235 basis points in subsequent intervals. MIN re-
turns are also reduced by 15 basis points in the first 6 months, followed by an increase of
about 20 basis points in the interval between 12 and 24 months. Our findings are consistent

11 We download factors from Laura Liu’s website, where detailed definitions of these variables are
provided.
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with macro-factors explaining a non-trivial fraction of initial momentum returns. However,
MAX intermediate term profits remain significant after controlling for macro-factors.

4.5 An Omitted Risk Factor

The results presented in Table VI indicate that the differences in characteristic-adjusted
MAX and MIN returns are positive, and relatively stable, declining monotonically over the
3-year horizon that we examine (averaging 0.47%, 0.45%, 0.26%, and 0.04% per month,
in months 0-6, 6-12, 12-24, and 24-36, respectively). In fact, these patterns are similar to
the difference between MAX and MIN alphas with respect to Fama—French three factors,
which also decline slowly over time (with alphas at 0.93%, 0.81%, 0.38%, and 0.24% per
month in months 0-6, 6-12, 12-24, and 24-36, respectively).

It is difficult to ascribe the different behavior of characteristic-adjusted MAX and MIN re-
turns to either momentum, or characteristics, alone. First, considered as momentum strat-
egies, MAX and MIN have similar loadings on the momentum factor'? and the results
remain similar after controlling for the Carhart four-factor model (Table VI, Panel H).
Second, since the results in Table VI, Panels F and G are characteristic-adjusted returns, it
seems unlikely that the differences are due to market capitalization, or book-to-market effects
alone. The results may indicate an omitted risk factor beyond the characteristics we control
for or that their interactions with past returns act as a proxy for the omitted risk factor.

5. Conclusion

We present evidence that short-term momentum and long-run reversals are separate phe-
nomena. Stocks that display momentum in the first 6 months do not display significant re-
versal in the long run. In contrast, contrarian stocks in the first 6 months display significant
reversal in the 12-24 month period. Merging these separate subgroups of securities makes
momentum and reversal patterns appear to be linked.

We show that it is possible to identify portfolios of stocks that have momentum from
those that experience reversals at the time of portfolio formation, using size and book-to-
market equity ratio as characteristics that predict returns. A portfolio (MAX) that buys
small, high book-to-market stocks and sells large market capitalization, high book-to-mar-
ket stocks displays significant momentum but no reversal. In contrast, a portfolio (MIN)
that buys large, high book-to-market stocks and shorts small, low book-to-market stocks
has no momentum, but exhibits significant reversal. These returns patterns are not ex-
plained by differences in loading on known risk factors or after adjusting for characteris-
tics-matched returns using various methods. In all of the tests, it appears that momentum
and reversal patterns are separate and distinct.

To better understand sources of momentum, we analyze whether these return patterns
are explained by market level investor sentiment, past market returns, market illiquidity, or
macro-variables. We find that MAX portfolio returns are potentially easier to arbitrage
away (since shorting less illiquid and larger stocks should be cheaper) but display larger re-
turn continuations, which do not vary with investor sentiment, past market returns, or mar-
ket illiquidity. Macroeconomic variables explain a portion of profits, but the residual
profits for MAX remain positive and large.

12 The coefficient of the momentum factor is 0.83 for the MAX portfolio and 0.78 for the MIN portfolio
and highly significant for both in explaining the first 6-month returns.
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Our results provide some direction for potential explanation of patterns in returns. In
particular, a promising theory might be able to explain why stock characteristics and past
returns interact in explaining time series patterns of momentum portfolios. In addition, our
results indicate that theories that are based on the link between short-term momentum and
long-run reversal may have to be revisited.
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