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 Cross-Sectional Return Persistence and Macroeconomic Intertemporal Dependence

A macroeconomic explanation of momentum and contrarian profits

Abstract

We offer a rational explanation for momentum/contrarian profits by linking trading strategy to the intertemporal dependence structure of the macroeconomic variables that underlie the stochastic discount factor that is used to price financial assets. We relate the intertemporal pattern of the macroeconomic variables to the cross-sectional stock return persistence which, coupled with the selection of past winners and losers, generates the “abnormal” profit of the momentum and contrarian trading strategies. We find empirical evidence to support the explanation for several widely used stochastic discount factors. Our analysis suggests that the documented momentum and contrarian profits are essentially compensation for investors for taking the risk that is associated with short-term macroeconomic continuation and long-term macroeconomic reversal. 

I. Introduction
An empirical asset-pricing puzzle is that of the abnormal returns that are associated with momentum/contrarian trading strategies. With a momentum strategy, a portfolio of stocks that outperformed the market over the previous 3 to 12 months (winners) is bought and a portfolio of stocks that underperformed in the market over the same period (losers) is sold.
 In contrast, with a contrarian strategy a portfolio of stocks that underperformed the market over the previous 24 to 60 months (losers) is bought and a portfolio of stocks that outperformed the market over the same period is sold. Many recent studies show that the existence of momentum/contrarian profits is inconsistent with the standard risk and return paradigm, and presents a serious challenge to the principle of market efficiency.
 

In this paper, we offer a rational explanation for both momentum and contrarian profits using a unified framework. Our setup explicitly links trading profits to the stochastic discount factor that is used to price financial assets. For several widely investigated asset pricing models, we further relate momentum/contrarian profits to the intertemporal dependence structure of the macroeconomic variables that underlie the stochastic discount factors.

The mechanism works as follows. The intertemporal dependence of the macroeconomic variables induces intertemporal dependence on the stochastic discount factor. When used to price stocks in an equity market, the stochastic discount factor generates a co-movement component of returns across different stocks due to its intertemporal dependence structure. This co-movement component, which we call the cross-sectional persistence of stock returns, coupled with the selection of winners and losers to form momentum/contrarian portfolios, gives rise to the documented trading profits for these strategies.

Our analysis suggests that the documented momentum and contrarian profits are not abnormal, but constitute a premium to compensate investors for taking the risk that is associated with short-term macroeconomic continuation and long-term macroeconomic reversal. In our empirical analysis, we first document the cross-sectional return persistence and its relation to momentum/contrarian profits, and then establish the connection between the cross-sectional return persistence and the intertemporal dependence of the stochastic discount factor, and eventually the connection with intertemporal dependence structure of the underlying macroeconomic variables.

In explaining the documented momentum profit, Cochrane (2001) states that “momentum is really a new way of looking at an old phenomenon, the small apparent predictability of monthly individual stock returns . . . so the winning momentum portfolio typically went up about 80% in the previous year, and the typical losing portfolio went down about 60% per year. Only a small amount of continuation will give a 1% monthly return when multiplied by such large past returns.” 

We formally investigate this conjecture, and demonstrate that the return differential between the winner and loser portfolios in the holding period arises as a result of a small yet nontrivial cross-sectional persistence of stock returns both in the short term for momentum profits and in the long term for contrarian profits.
 When the loser and winner portfolios are formed, a large return differential is created between the two in the formation period. This return differential is then extended into the subsequent holding period in the presence of a nontrivial cross-sectional return persistence. In essence, momentum/contrarian profits arise as the result of the multiplicative interaction of the return differential that is associated with the selection of winners and losers in the formation period and the broad market cross-sectional return persistence. 

By selecting the top 10% stocks to form the winner portfolio and the bottom 10% stocks to form the loser portfolio based on the return performance in the formation period, we demonstrate that this interaction between the cross-sectional return persistence and the selection mechanism explains around 90% of the time-series variation in both momentum and contrarian profits. Controlling for this interaction, the abnormal momentum and contrarian returns in the post-1947 period are 0.2% and 0.3% per annum, respectively, in contrast to the previously documented magnitude of 10% and 2.5%, respectively.

The cross-sectional persistence captures the co-movement of stock returns relative to the previous cross-section of stock returns. When applied to market portfolios,
 we can decompose the market return into a momentum/contrarian related component and a non-momentum/contrarian related component. This indicates that the momentum/contrarian return is attributable to the intertemporal return dependence in the market returns, and represents systematic risk. The “abnormal” return that is associated with momentum/contrarian strategies is non-stock-specific, and reflects the exposure of the winner-minus-loser (WML) portfolio to the momentum/contrarian related market risk.

Decomposing the market return into the momentum/contrarian component and the non-momentum/contrarian component has an important implication for connecting the momentum/contrarian profit to the intertemporal dependence of the macroeconomic variables. Previous studies have documented that total market returns exhibit no or a slightly negative short-term autocorrelation (Lewellen (2002) for example), and conclude that the momentum profit is unlikely to be caused by broad market related economic risk. Our market return decomposition demonstrates that persistence arises from both the momentum/contrarian and the non-momentum/contrarian components, and that it is the momentum/contrarian related component that exhibits the short-term return continuation. We show that a negative autocorrelation in the market returns is caused by the reversal of the non-momentum/contrarian related component, which then outweighs the continuation of the momentum/contrarian component.
Under the no-arbitrage principle, there exist stochastic discount factors which are used to price stocks on the equity market. The observed pattern of the cross-sectional return dependence thus imposes restrictions on the intertemporal dependence of the stochastic discount factors. For several widely investigated asset pricing models, including the standard Lucas (1978) constant relative risk aversion (CRRA) preference model, the Epstein and Zin (1989) recursive preference model, and the Campbell and Cochrane (1999) external habit formation model, we explicitly derive the restrictions on the implied stochastic discount factor. We show that the restrictions imply a relation between the cross-sectional persistence of stock returns and the intertemporal dependence structure of macroeconomic variables, such as the consumption growth rate or the consumption surplus growth rate.
 Therefore, momentum/contrarian profits can be the direct result of the continuation or reversal of macroeconomic fundamentals.

 We use the generalized method of moments (GMM) to empirically test the connection between the cross-sectional return persistence and the intertemporal dependence of the stochastic discount factor. We then investigate whether momentum/contrarian profits represent compensation for the underlying economic risk of such strategies. For all three stochastic discount factors that are implied in the asset pricing models, we find favorable empirical evidence to support the hypothesis that the cross-sectional persistence of stock returns originates from a similar intertemporal dependence of the stochastic discount factors.

Our empirical test of whether momentum/contrarian profits represent compensation for macroeconomic risk resembles the investigation of Kandel and Stambaugh (1991), who examine whether the observed magnitude of short-term continuation and long-term reversal in market index returns can be reconciled with the Epstein-Zin preference model. In our case, the short-term continuation and the long-term reversal in cross-sectional returns constitute the basis for the momentum and contrarian profits, and we investigate whether the profits represent compensation for bearing the risk. 

With the momentum profit, we find that the Epstein-Zin model seems to fare the best on the J-test, and yields a p-value of 22%. The intertemporal elasticity of substitution (IES) parameter has to be very small to generate the observed level of short-term persistence, which is consistent with Kandel and Stambaugh (1991). In the case of the CRRA preference model, the estimated risk aversion coefficient is fairly large. The ability of the CRRA model to generate the appropriate level of observed momentum profit seems to be marginal, with a p-value of 9%. In the case of the external habit formation model, we cannot reject the observed magnitude of momentum profits for the post-1947 period at the 5% test level (the p-value is 6%). 

Kandel and Stambaugh (1991) find it difficult for the Epstein-Zin model to generate both short-term continuation and long-term reversal at the same time in the index returns. In their study, however, they use the annual consumption growth rate process, which shows little short-term continuation, to generate return persistence. In contrast, we use a quarterly consumption growth rate series with a stronger short-term continuation. Overall, our results suggest that momentum profits act as compensation for bearing the risk of short-term macroeconomic continuation.
With the contrarian profit, the p-values that are associated with the J-tests are consistently above 35%, which indicates that different SDF specifications can generate the observed level of contrarian profit for a given level of long-term macroeconomic reversal. To the extent that the contrarian profit is related to the value premium (Fama and French (1996)), our explanation for the contrarian profit fits well with the views that are expressed in Lettau and Ludvigson (2001) and Bansal and Yaron (2004) that the contrarian profit is attributed to the time-varying systematic risks. 

Our results suggest that the contrarian profit can be described as the consequence of a cross-sectional common long-term return persistence. Empirically, the common level of long-term persistence on a semi-annual basis is about -0.02 on average after 1947, which gives rise to a contrarian profit of about 2.5% per annum. Consistent with earlier results on the long-term mean reversion of the market index returns (Cecchetti, Lam and Mark (1990), Kandel and Stambaugh (1991), among others), we find the persistence to be related to the long-term persistence of the macroeconomic conditions, that is, to the reversal of business conditions over the long term. 

Our study offers an alternative explanation for momentum profit to the conventional view that is suggested in Jegadeesh and Titman (1993) and Grundy and Martin (2001), who argue that the momentum profit mainly results from the persistence in the stock returns of extreme winners and losers. Rather than focusing on the stock-specific return continuation, we argue that it is the common continuation of returns across the entire market that characterizes the phenomenon of momentum profit. This view is consistent with that of Lewellen (2002), who shows that collections of well-diversified portfolios are also capable of producing significant momentum profit. He attributes momentum profit to the excess covariance among the cross-section of returns. We show that such an excess covariance in the momentum profit can be characterized by a very simple form of return co-movement: the common level of extrapolation of past returns across the broad market. Empirically, this common level of persistence is found to be about 0.065 on average after 1947, which gives rise to a momentum profit of about 10% per annum.

Our explanation for momentum/contrarian profits also contrasts with explanations of behavioral models, such as the initial underreaction that is caused by “conservatism bias” as detailed by Barberis, Shleifer and Vishny (1998), the “overconfidence bias” that is posited by Daniel, Hirshleifer and Subrahmanyam (1998), and the “asymmetric response delay” of Hong and Stein (1999), among others. Instead, we argue that momentum/contrarian profits emerge in response to the ebbs and flows of macroeconomic fundamentals, and in particular the intertemporal dependence of macroeconomic conditions. Momentum/contrarian returns compensate for the exposure to time-varying macroeconomic risks. 

Our study contributes to the existing literature by directly relating the co-movement of returns in the form of momentum to the intertemporal dependence structure of stochastic discount factors, and ultimately to macroeconomic fundamentals. Our approach therefore identifies macroeconomic fundamentals as the underlying forces that drive the momentum of stock returns. Indeed, our evidence suggests that momentum returns co-vary with movement in the stochastic discount factors. Following an economic expansion, the momentum return is large and positive when the economy rallies (that is, when the broad-market persistence of stock returns is positive and the stochastic discount factor is low), and small and negative when the economy slows down (that is, when the broad-market persistence of stock returns is negative and the stochastic discount factor is high).
 After adjusting for macroeconomic risk, momentum no longer offers abnormal return. This view is consistent with that of Chordia and Shivakumar (2002) and Liu, Warner and Zhang (2005). Chordia and Shivakumar (2002) document that momentum returns are significantly related to a collection of market-wide economic variables that capture general business conditions, whereas Liu, Warner, Zhang (2005) show that winner portfolios and loser portfolios load very differently on the common factor of the growth rate of industrial production. 

The remainder of the paper is organized as follows. In Section II we relate momentum/contrarian profits to the cross-sectional persistence of stock returns. Section III presents the supporting empirical evidence. In Section IV we establish the relation between the intertemporal dependence of the stochastic discount factor and the intertemporal dependence of the cross-sectional returns. For three specific economic models, we relate the return momentum/reversal to underlying macroeconomic variables, such as the aggregate consumption growth rate, the empirical evidence for which is given in Section V. Section VI concludes the paper, and the proofs are given in the Appendix.
II. Momentum/contrarian profits and broad-market intertemporal return dependence

For ease of exposition, we use the following definition of the momentum and contrarian strategies throughout the paper. Both trading strategies select stocks based on the realized returns during J consecutive months in the past (the formation period), and hold the stocks for K consecutive months in the future (the holding period). Specifically, at the beginning of the holding period, stocks are ranked on the basis of their returns during the formation period. Based on these rankings, winner and loser portfolios are formed, where stocks with the highest returns in the formation period are included in the winner portfolio and stocks with the lowest returns over the formation period constitute the loser portfolio according to a pre-determined selection criterion.
 We equally weight the stocks in each portfolio. The momentum strategy takes a long position in the winner and a short position in the loser portfolio, and holds this winner-minus-loser (WML) portfolio for the next K months. 

The contrarian strategy takes a long position on the loser and a short position on the winner portfolio, and holds this loser-minus-winner (the reversal of the WML) portfolio for the holding period. This strategy generates a significant holding period return that is referred to as the contrarian profit. As the contrarian return is the opposite of the momentum return with the exception of the horizon of the formation period, we investigate the contrarian profit as the negative of the momentum profit, with the corresponding momentum strategy being conducted over a long-term formation period.

Cochrane (2001) suggests that momentum/contrarian profits result from the interaction between the formation period winner-loser return dispersion and cross-sectional return predictability. Following this direction, we investigate the sources of momentum/contrarian profits by examining stock selection based on past total returns and the persistence of the cross-section of total returns over time. By studying the broad-market persistence of total returns directly, we circumvent the need to identify and estimate different factors and stock-specific components. Consequently, we identify the sources of momentum/contrarian profits without making onerous assumptions about the return generating process.

Throughout the paper, we refer to the formation period as time t-f and the holding period as time 
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 without being specific about the exact month, except when we discuss the dataset. When a distinction between the momentum trading strategy and the contrarian strategy is required, we refer to the formation period as time t-fm and the holding period as time 
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 for momentum trading, and the formation period as time t-fc and the holding period as time 
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for the contrarian trading. We denote the total return of stock i in the formation period as 
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, the total return on the WML portfolio in the formation period as 
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, and the total return of the WML portfolio in the holding period as 
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We propose the following form of intertemporal return dependence for the cross-section of stock returns 
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where 
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 is the error term and is uncorrelated with the cross-section of stock returns (
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 as a function of the cross-section of stock returns (
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, which is referred to as the broad market return persistence, reflects a common level of cross-sectional persistence, or the expected persistence of a randomly selected stock at time 
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The broad market return persistence can be viewed as an “average” cross-sectional serial correlation coefficient (a commonality in return persistence or predictability) that summarizes the degree to which the cross-section of past returns is extended into the future. We use this specification of the cross-sectional average return persistence to capture the economic structure that underlies the phenomenon of momentum/contrarian profits. We show that 
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 in particular plays a key role in projecting returns from the formation period to the holding period. When needed, we use 
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 to denote the underlying cross-sectional return dependence structure of the momentum profit, and use 
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 to denote the contrarian profit.

Because of its selection, the conditional mean of the WML portfolio in the holding period is different from the unconditional mean of the portfolio. Cochrane (2001) argues that when there is a cross-sectional return persistence between the formation and the holding periods, the return differential between the winner portfolio and the loser portfolio in the formation period implies a selection return in the holding period. Following this idea, we formulate the expected return of the WML portfolio in the holding period as the product of 
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where 
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are the possible mean zero statistical errors. This relation holds for both the momentum profit and the contrarian profit.

Specification (1) states that the cross-section of stock returns co-moves in the holding period and extends returns in the previous period in a linear but time-varying fashion. This is consistent with Conrad and Kaul (1998) in that it emphasizes the importance of selection in the holding period to generate momentum profits. However, there is an important difference between the selection mechanism in Conrad and Kaul (1998) and ours. Instead of examining the total returns in the formation period, they directly investigate the returns during the holding period, and thus auxiliary assumptions on the unconditional expected returns are required to identify the selection. In contrast, we relate the momentum profit to the conditional information of the formation period returns, and therefore establish the relation between the selection and the momentum profits with fewer restrictive assumptions about the underlying return generating process.

Expression (2) allows us to reconcile the momentum/contrarian profits of DeBondt and Thaler (1985) and Jegadeesh and Titman (1993) with the momentum/contrarian profits of Lo and Mackinlay (1990) and Conrad and Kaul (1998). To achieve this, we allow the broad market persistence parameter 
[image: image27.wmf]h

t

b

+

 to take the following expression in estimation


[image: image28.wmf]2

,

,

,

,

,

)

(

]

)

[(

f

t

m

i

f

t

i

h

t

i

f

t

m

i

f

t

i

h

t

r

r

r

r

r

b

-

-

+

-

-

+

å

å

-

-

=

,                         (3)

where 
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 represents the average return for the cross-section of stocks of the formation period and 
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 yields the momentum profit in Conrad and Kaul (1998). Expression (2) therefore suggests that the momentum profits in Jegaddesh and Titman (1993), Debondt and Thaler (1985), and Conrad and Kaul (1998) differ only by a conditional known constant. 


As the intertemporal return dependence applies to the entire cross-section of stocks, it also applies to the market portfolio. We use the equally weighted version of the market returns for the convenience of theoretical argument. Given the formation period returns and the intertemporal dependence parameters 
[image: image31.wmf]h

t

a

+

 and 
[image: image32.wmf]h

t

b

+

, the return of the equally weighted market portfolio in the holding period can be expressed as a linear extrapolation of the formation period market returns (denoted as 
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The equality holds because it represents a simple cross-sectional aggregation of equation (1), and the idiosyncratic error term disappears because of the aggregation.


     This specification decomposes the expected return of the market portfolio into an intertemporal persistence related component (
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). The decomposition suggests that momentum/contrarian profits are the reward for exposure to one source of systematic risk that is associated with time-varying cross-sectional return persistence. In this sense, momentum/contrarian profits are not “abnormal,” but simply the result of a rational choice by investors to earn a higher return by taking on a greater risk. 

III. Empirical evidence for cross-sectional intertemporal return dependence

We use the return data on stocks that were traded on the NYSE and AMEX from the Center for Research in Security Prices (CRSP) monthly return file. Our sample spans the period between January 1927 and December 2003. To study both momentum and contrarian profits, we focus on the six-month/six-month strategy (J = K = 6), which is representative in momentum studies. Specifically, at the beginning of each month t, the stocks are ranked into deciles based on the returns during the six-month formation period (month t-6 through month t-1 for the short-term momentum profit, and month t-60 through t-55 for the long-term contrarian profit).
 

Based on these rankings, ten equally weighted decile portfolios are formed in which the top decile (P10) is the best performing (the winner portfolio) and the bottom decile (P1) is the worst performing (the loser portfolio). The momentum strategy calls for the investor to take a long position in the winner portfolio (P10) and a short position in the loser portfolio (P1), and holds the winner-minus-loser (WML) portfolio for the following six months (month t through month t + 5). The contrarian strategy calls for the investor to take a long position in the loser portfolio and a short position in the winner portfolio, and holds the loser-minus-winner portfolio for the following six months. 

Unlike Jegadeesh and Titman (2001), we do not rollover and rebalance the momentum portfolio. The momentum profit 
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 at month t refers to the compounded return over the six-month holding period of the WML portfolio based on the compounded returns for the corresponding formation period 
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To demonstrate the relation between the broad market intertemporal return dependence and momentum/contrarian profits, for each month t we estimate the parameters 
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 for the momentum profit and the parameters 
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 for the contrarian profit. Specifically, we regress the cross-section of the holding period stock returns (compounded over month t to month t+5) on the cross-section of the formation period stock returns (compounded over month t-6 to month t-1 for the momentum trading profit, and over month t-60 to month t-55 for the contrarian trading profit). 

Table 1 reports the summary statistics of these parameter estimates from July 1926 (January 1931 for the contrarian profit) to July 2003, including the respective mean and the standard deviation of the estimates for 
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, and the correlation between the two respective parameters for momentum trading (panel A) and contrarian trading (panel B). The table also reports the summary statistics for the post-1947 sample from January 1947 to July 2003 and the two subsamples of January 1947 to December 1977 and January 1978 to July 2003.
 

The estimated time-varying intercept 
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 has an average of about 7% for the full sample and 6.8% for the post-1947 subsample, both of which are statistically significant at the 1% level. The estimated time-varying slope coefficient 
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, which is the cross-sectional return persistence parameter for the time horizon of the momentum trading, has an average of about 0.044 for the full sample and about 0.067 for the post-1947 subsample, both of which are statistically significant. Moreover, both 
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 have a time-series standard deviation of around 19% for the full sample. The time series for 
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For the contrarian profit, the estimated time-varying intercept 
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 has an average of about 7.55% for the full sample and 7.16% for the post-1947 subsample, both of which are statistically significant at the 1% level. The estimated time-varying slope coefficient 
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 has an average of about -0.03 and is significant at the 1% for the full sample and an average of about -0.02 and is significant at the 5% level for the post-1947 subsample. Moreover, both 
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 have a time-series standard deviation of over 10%, and are therefore very volatile. Similar to the momentum case, the time series for 
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Overall, our results suggest that there is a time-varying statistically significant cross-sectional return persistence. This persistence is positive at a short horizon (six months) and negative at a long horizon (5 years). The momentum/contrarian related component and the non-momentum related component are negatively correlated. To examine how well the momentum/contrarian profits implied by the return persistence and the selection mechanism track the realized momentum/contrarian profits, we construct the predicted momentum/contrarian profits using equation (2).

Table 2 reports the realized momentum/contrarian profits and their relation to the momentum/contrarian profits that are predicted by the selection mechanism and the cross-sectional return persistence. For each sample, the momentum/contrarian profits are reported under 
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. For the post-1947 subsample, the average realized momentum profit is 5.27% per six months, or 10.5% per annum. This is consistent with the findings reported in studies such as that of Jegadeesh and Titman (1993).
  For the full sample, the momentum profit is much lower at 2.4% per six months, or 4.8% per annum. The average predicted momentum profit is 5.2% for six months and 10.4% per annum based on the post-1947 estimates, which is almost identical to its realized counterpart. However, it is slightly higher at 3.29% per six months (6.5% per annum) than the realized counterpart when the full sample estimates are used. 

For the post-1947 subsample, the contrarian profit is marginally significant at 1.22% per six months (2.44% per annum), which is consistent with the results of Conrad and Kaul (1998). For the full sample, the average contrarian profit is 2.32% per six months (4.64% per annum), which is much higher than the post-1947 estimate. The average predicted contrarian profit is 2.27% per six months (4.5% per annum) based on the full sample estimates and 1.42% per six months (2.84% per annum) based on the post-1947 subsample estimates. Both are very close to their realized counterparts.

Figure 1 plots the realized momentum/contrarian profits (the solid line on the left scale) and the predicted momentum/contrarian profits (the dashed line on the right scale) for the sample period from July 1926 to July 2003. It shows that the realized momentum/contrarian profits and the predicted momentum/contrarian profits track each other closely over time, which is consistent with the reported averages for the various sample periods.
To further investigate the relation between the ex post momentum/contrarian profits and their predicted counterparts based on the selection mechanism and the cross-sectional return persistence (
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to quantify how much of the variability of the realized momentum profit is explained by changes in the predicted momentum/contrarian profit measure. 

The difference between the realized and predicted momentum profit is 0.07% per six months (0.14% per annum) for the post-1947 subsample, and is not statistically significant. For the full sample the difference is -0.89% per six months (-1.78% per annum) and it is only marginally significant at the 5% level. For the contrarian strategy, the difference between the realized and the predicted profit is close to zero and insignificant across all of the samples, which is consistent with specification (2). 

Further, in support of specification (2), we find that for both the full sample and the post-1947 subsample and for both the momentum and contrarian profits, the adjusted R2 for regression (5) ranges from 87% to 91%, which indicates that a large fraction of the realized momentum/contrarian profit variation can be explained by the predicted momentum/contrarian profits for the same periods. With the exception of the momentum profit in the pre-1947 period, the intercept estimates are in general insignificantly different from 0, and the slope estimates are in general insignificantly different from 1. These results therefore support the conjecture of Cochrane (2001) that the interaction of the return dispersion and the cross-sectional return persistence generates the level of momentum (contrarian) profit that is observed in the data. 

We next discuss the intertemporal dependence of the return of the market portfolio. Specification (4) implies a momentum/contrarian component of 
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 in the returns of the market portfolio. As before, we first examine the average difference between the realized market return and the predicted market return that is implied by the broad market intertemporal dependence. We then investigate how much of the variability in the market return can be explained by the momentum component using the regression
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for both the momentum and the contrarian trading strategies. 

Table 3 reports the time-series average for the realized market returns (
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), the predicted return component based on the persistence alone (
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), and the difference between the realized market returns and the predicted market returns 
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. The average realized six-month market return is 8.29% for the full sample and 7.51% for the post-1947 subsample. The average momentum/contrarian market returns as predicted by the persistence alone (
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) are 0.7%/0.63% per six months for the full sample and 0.55%/0.23% per six months for the post-1947 subsample.
 The momentum related return is statistically significant at the 1% level for both the full sample and the post-1947 subsample. The contrarian related return is significant for the full sample and the pre-1947 subsample. 

The difference between the realized market returns and the intertemporal dependence implied market returns is 0.58% per six months for the full sample for both the momentum and the contrarian strategies, and is considerably lower at between 0.14% and 0.2% for the post-1947 subsample. Although the difference is statistically significant for the momentum strategy for both the full sample and post-1947 subsample, it is very small relative to the overall realized market returns. For the contrarian strategy the estimated difference is only significant for the full sample, but not for the post-1947 subsample. 


Table 3 also reports the regression results for specification (6). For the equally weighted market portfolio, the adjusted R2 should be 1, because the equally-weighted market portfolio is simply an average of all of the individual stocks. The results show that the adjusted R2s are consistently above 98% across the samples and for both the momentum and contrarian strategies.
 The coefficient estimates are in general consistent with the hypothesis that the predicted market return based on 
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 is equal to the realized market return. The estimated intercept coefficient is close to 0, and the slope coefficients are close to 1. The pre-1947 sample deviates slightly from the expected values, but the deviations are generally small.


Our decomposition of the market returns into momentum and non-momentum related components also offers additional insights into the seemingly inconsistent relation between the short-term momentum that is generated with individual stock returns and the negative serial correlation at a frequency of six months for the market returns that is documented in existing empirical studies (Lewellen (2002)). Our decomposition suggests that for the returns on the market portfolio, the short-term continuation is captured by the momentum related component (
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), however, is negatively correlated with the market return in the formation period. Table 3 reports a negative correlation of –0.0975 post-1947. When the negative correlation between the non-momentum related component dominates the momentum related component, the market return will exhibit a negative serial correlation. Therefore, the short-term return continuation as demonstrated by the individual stock momentum can co-exist with the negative serial correlation for the index returns.  

IV. Macroeconomic intertemporal dependence and intertemporal dependence in cross-sectional returns

The empirical evidence indicates that momentum/contrarian profits are closely related to the cross-sectional intertemporal return dependence. Given the broad market nature of this return dependence, we next explore whether the observed return persistence is consistent with the intertemporal dependence of the underlying macroeconomic fundamentals. To establish the relation between the cross-section of stock returns and macroeconomic fundamentals, we focus on the stochastic discount factor. In theory, the stochastic discount factor is a function of economic fundamentals that is used to price financial assets. Thus, certain conditions must be satisfied for the stochastic discount factor to accommodate the observed broad market return dependence. Indeed, by imposing an intertemporal dependence structure on the stochastic discount factor, we identify the parameter restrictions on the intertemporal dependence structure of the stochastic discount factor. We summarize these restrictions as follows.   

Proposition 1: Assume that there is no arbitrage in the financial market. Suppose that the cross-sectional co-movement of individual stock returns can be represented by 
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The existence of a stochastic discount factor follows from the no-arbitrage condition, as shown in Harrison and Kreps (1979). Equation (3) suggests that 
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 can be replicated with the trading strategy in Lo and MacKinlay (1990) scaled by a conditionally known constant. As the trading strategy requires zero set up costs, under the no-arbitrage principle we must have
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. Proposition 1 therefore summarizes the rationality of the momentum/contrarian returns in the Euler equations. 


To directly relate momentum/contrarian profits to macroeconomic fundamentals, we assume that the logarithmic stochastic discount factor has a time-varying intertemporal dependence structure that is given by 
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If we further assume that there is linear spanning on the cross-sectional returns 
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Proposition 2: Assume that all of the assumptions in Proposition 1 hold. Assume that the stochastic discount factor has a time-varying intertemporal dependence structure that is given by 
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 or, as a first -order approximation, we have 
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Proposition 2 indicates that under the assumption of market efficiency and a linear dependence structure for the stochastic discount factor, the relation between momentum/contrarian behavior in returns and momentum/contrarian behavior in the stochastic discount factor can be tested as a constraint on the stochastic discount factor in equation (7). In other words, as long as this constraint holds on the stochastic discount factor, we know that the momentum/contrarian pattern that is similar to that which is found in the broad market returns and is quantitatively defined by the persistence parameter 
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 should also exist in the aggregate stochastic discount factor. The trading strategies therefore represent an attempt to predict the macroeconomic intertemporal dependence and to invest accordingly.  


We next use the stochastic discount factor in three standard paradigms that have been widely examined in the asset pricing literature to illustrate the economic significance of this condition. Our focus here is to establish the relation between momentum/contrarian behavior in stock returns and similar behavior in macroeconomic fundamentals.

Case 1: Lucas (1978) CRRA model

Consider a representative agent economy with the constant relative risk aversion preference as in Lucas (1978). The logarithm of the stochastic discount factor takes the form 
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 denotes the growth rate of the aggregate consumption at time t.

Corollary 1: Assume that all of the assumptions in Proposition 2 hold. With the CRRA preference, equation (7) in Proposition 2 can be rewritten as 
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(9)
The linear dependence structure of the stochastic discount factor imposes a linear dependence structure on the consumption growth rate


[image: image119.wmf]f

t

h

t

h

t

h

t

h

t

g

g

-

+

+

+

+

+

-

+

-

=

k

g

b

k

g

l

ln

)

1

(

.

In particular, the intertemporal persistence parameter 
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 in the stochastic discount factor captures the intertemporal persistence of the aggregate consumption growth rate. 

Case 2: Epstein-Zin recursive preference model

Consider a representative agent with the recursive preferences of Epstein and Zin (1989) and Weil (1989). For these preferences, the logarithm of the stochastic discount factor takes the form (see Bansal and Yaron (2004)) 
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Corollary 2: Assume that all of the assumptions in Proposition 2 hold. With the Epstein-Zin preference, equation (7) in Proposition 2 can be rewritten as
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In the special case in which 
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, the Epstein-Zin recursive preference is reduced to the standard CRRA preference. 

Case 3: Campbell and Cochrane (1999) external habit formation model 

We now consider the Campbell and Cochrane (1999) external habit formation model. Under the external habit preferences, the logarithm of the stochastic discount factor takes the form 
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Corollary 3: Assume that all of the assumptions in Proposition 2 hold. With the external habit formation preference, equation (7) can be rewritten as 
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Note that 
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 represents the growth rate of surplus consumption. Momentum/contrarian profits under the external habit preference specification impose short-term continuation/long-term reversal on the surplus consumption growth rate. Momentum/contrarian profits in this case reflect the intertemporal dependence in the surplus consumption growth rate.

V. Empirical evidence on the intertemporal dependence of the stochastic discount factor

We now investigate whether the cross-sectional return persistence is consistent with the standard risk-return paradigms by empirically testing the implications of Proposition 1 and Proposition 2. Three constraints on the stochastic discount factor are summarized as 

(I) 
[image: image136.wmf]0

)

(

=

´

+

+

h

t

h

t

t

b

s

E

, 
(II) 
[image: image137.wmf]1

)]

1

(

[

=

+

´

+

+

h

t

h

t

t

a

s

E

, and

(III) 
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Restriction (I) directly tests the rationality of the observed return continuation/reversal parameter 
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. Restriction (II) tests the rationality of the non-persistence-related component of the market return, or loosely the market return 
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. Restriction (III) tests the connection between macroeconomic dependence and the cross-sectional return dependence. A non-rejection of restriction (III) suggests that a connection between the macroeconomic intertemporal dependence and the observed cross-sectional return dependence is plausible. A non-rejection of the joint restrictions of (I), (II), and (III) suggests that momentum/contrarian profits compensate for bearing the risk of macroeconomic continuation/reversal.  

A. Conditional test using the GMM

As demonstrated in Corollaries 1 to 3, a particular structure of the stochastic discount factor can be imposed depending upon specific preferences. A non-rejection of the constraints in each case indicates the ability of the preference structure to generate the observed patterns in the stock returns. Because these restrictions are conditional nonlinear constraints, we can perform the test conditionally using the generalized method of moments (GMM). For each stochastic discount factor that has been discussed, we follow Hansen and Singleton (1982) and create moment conditions as the basis for our GMM estimation. Specifically, we use the following instruments to interact with the aforementioned restrictions to form the orthogonality conditions: the unity vector, the equally weighted CRSP market index return 
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. For the market index return, we use observations for the two quarters that cover month t-6 to month t-1. For the other four market-wide variables, we use the observations from month t-1.
 Ferson and Harvey (1991) use this set of variables to describe the predictable time variation in the expected stock returns, and Chordia and Shivakumar (2002) utilize the same set of variables to capture the predictable time variation in the momentum profit.

We use aggregate real per capita consumption (nondurable and services) data to compute the aggregate consumption growth rate (
[image: image146.wmf]t

g

). The dataset for the aggregate nondurable and services consumption data and the U.S. population data were obtained from the Federal Reserve Bank of St. Louis Web site. Our quarterly consumption growth rate starts in the second quarter of 1952 and ends in the fourth quarter of 2003. To match the time horizons of the return dependence and the macroeconomic dependence, for any quarter t we denote the consumption growth rate for the next two consecutive quarters of the holding period as 
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. For the momentum strategy, the past two consecutive quarters refer to the immediate past two quarters, or month t-6 to t-1, and for the contrarian strategy they refer to the two quarters that cover the months between t-60 and t-55. This gives rise to a sample period that runs from the third quarter of 1952 to the third quarter of 2003. For the intertemporal dependence parameters 
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, we use the estimates from the NYSE and AMEX stocks that are reported in Section III.  

Table 4 presents the estimated correlation between 
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) for both the momentum and the contrarian strategies. The intertemporal correlation between the consumption growth rates is positive at 0.34, and is statistically significant for the momentum strategy but insignificant at -0.12 for the contrarian strategy. These estimates are consistent with those of Hamilton (1989) and Cecchetti, Lam and Mark (1990), among others, who use a regime-switching specification to model the combination of short-term continuation and long-term reversal in the growth rate of the aggregate economy. The correlation between 
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 is significantly positive for both the momentum (0.22) and the contrarian (0.19) strategies. Finally, the correlation between 
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 is insignificantly different from 0 for the momentum strategy, and is significantly negative for the contrarian (-0.19) strategy.          

Tables 5, 6, and 7 present the GMM estimation results for the intertemporal dependence restrictions on the macroeconomic variables for the CRRA, Epstein-Zin, and external habit preference models. In each table, we report the estimation results for restriction III alone and all three restrictions I, II, and III jointly for the short-term intertemporal return dependence, the long-term intertemporal return dependence, and both the short-term and the long-term return dependence simultaneously.

The empirical results in Table 5 suggest that restriction III has strong empirical support in the CRRA preference model for both the short-term and the long-term intertemporal return dependence, with the p-value for the J-test being consistently above 33%. The estimated risk aversion coefficient is, however, much higher than the value that is considered to be reasonable. To fit all three restrictions, the estimated risk aversion is much lower, and ranges from 5.2 to 6.9. The estimated time discount factor is also higher than when restriction III is fitted alone. The J-test indicates the non-rejection of the restrictions at the conventional 5% test level.

The GMM estimation for the Epstein-Zin recursive preference model shows similar results to the CRRA model. The model does a reasonable job of fitting restriction III. The J-test indicates that the restriction is not rejected, and the p-value remains higher than 41.5% for all three intertemporal dependence scenarios. The time discount factor, however, is much higher than in the CRRA case, and ranges from 1.36 to 1.78 with standard errors of over 0.46.
 When fitting all three restrictions, the estimate of the time discount factor is reduced to between 1.09 and 1.17, with large standard errors, and the risk aversion coefficient remains reasonable. The J-test again indicates the non-rejection of the restrictions.   

The estimation result indicates that we need a low IES parameter (less than 0.05) to fit restriction III under the momentum and contrarian strategies. The IES estimate is slightly higher when all three restrictions are imposed. Kandel and Stambaugh (1991) find that to match the observed stock market return predictability in both the short term and the long term, the IES parameter (
[image: image165.wmf]y

) for the Epstein-Zin recursive preference model must be very close to zero. Our IES estimates are consistent with those of Kandel and Stambaugh (1991), and remain small across all three scenarios of intertemporal return dependence. 

The external habit model closely follows the study of Campbell and Cochrane (1999) in assuming the latent process of the quarterly log surplus consumption ratio to be AR(1). In addition to the time discount parameter and the curvature parameter (
[image: image166.wmf]g

), we also estimate the parameter that governs the persistence of the log surplus consumption ratio (
[image: image167.wmf]f

).
 The estimated time discount factor and the curvature parameters are close to the calibrated parameter values in Campbell and Cochrane (1999). 

To match the observed stock market returns, Campbell and Cochrane (1999) use a curvature parameter of 2.0, and our estimated value ranges from 4.2 to 5.9 to fit all three restrictions across all scenarios of intertemporal return dependence. For the time discount factor, Campbell and Cochrane (1999) use a value of 0.89 for the monthly frequency. Our estimated time discount factor varies between 0.85 and 0.92 at a six-month frequency, which corresponds to a monthly value of about 0.95. For the persistence parameter (
[image: image168.wmf]f

), they use a value of 0.87 for a monthly specification. Our estimate of the persistence parameter ranges from 0.84 to 0.88 at a quarterly frequency. The J-test again indicates the non-rejection of all three restrictions across all of the intertemporal return dependence scenarios. Tallarini and Zhang (2005) use the efficient method of moments to estimate the model of Campbell and Cochrane (1999). They report a curvature parameter estimate of 6.27, a time discount factor estimate of 1.007, and a persistence parameter estimate of 0.912 for the quarterly data. Our results are generally consistent with theirs. 

Overall, our GMM estimation results suggest that there is a strong connection between the cross-sectional intertemporal dependence and the intertemporal dependence of the macroeconomic variables, in this case the consumption growth rate or surplus consumption growth rate.

B. Unconditional test of the intertemporal dependence connection
Our theoretical discussion suggests that if we omit the higher-order term and focus on the first-order approximation of restriction III, then we arrive at the following linear relations under various economic models. 

The Lucas CRRA model
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The Epstein-Zin recursive preference model
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The Campbell-Cochrane external habit formation model
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The robustness of the GMM estimation results, and in particular the result that a similar intertemporal dependence structure exists in macroeconomic fundamentals and the cross-section of stock returns over both the short-term and long-term horizons, can be alternatively tested using unconditional regressions. 

Specifically, for both the CRRA and the Epstein-Zin preferences, the first-order approximation can be tested using the following linear regression.
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Both the CRRA and Epstein-Zin models impose restrictions on the four parameters 
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. Under the first-order approximation, the two specifications are isomorphic in the unconditional regression analysis. A joint hypothesis on the relation between the intertemporal dependence of the consumption growth rate and the intertemporal dependence of the broad market stock returns in both models can be stated as
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The rejection of (16) supports the alternative hypothesis that such a relation exists.


We can generate additional economic insight by examining the estimated magnitude of 
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 and 
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, respectively. As a large portion of market return volatility comes from the non-momentum related component, the estimate on 
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 thus reveals the extent to which the volatility in consumption growth rate gives rise to the volatility in stock market return. On the other hand, the estimate on 
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 reveals the extent to which the intertemporal dependence in consumption growth rate gives rise to the cross-sectional persistence in the stock market. 

Table 8 presents the results of the regression analysis for our sample. Panels A and B report the short-term and the long-term intertemporal dependence results for the entire sample of 1952Q4-2003Q3 and the two sub-sample periods of 1952Q4-1977Q4 and 1978Q1-2003Q3, respectively. The joint hypothesis that is stated in (16) is rejected at the 5% test level for the full sample for both the short-term and the long-term regressions. Further, the estimate of 
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 is insignificantly different from 0. The estimate of 
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 is small, which reflects the high risk aversion or low intertemporal elasticity of substitution, although it is statistically significantly different from 0. The estimate of 
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 is in general very small, which is consistent with a possibly large risk aversion coefficient and a time discount factor that is close to 1. The estimate of 
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 is insignificantly different from 1, as predicted by the model, and statistically different from 0 in most cases. Overall, Table 8 provides evidence for the existence of macroeconomic intertemporal dependence that is consistent with restriction III. 

For the Campbell-Cochrane external habit model, we perform the following regression to test the relation between the intertemporal dependence of the consumption surplus growth rate and that of the stock returns.  
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where 
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 represents the consumption surplus growth rate. Because the habit level is not directly observable, we simulate the latent log consumption surplus ratio process using the parameters that are estimated by the GMM with the three restrictions I, II, and III under both the short-term and the long-term intertemporal return dependence, as reported in Table 7. Combining the latent log consumption surplus ratio process and the observed consumption growth rate process, we generate the consumption surplus growth rate process. The Campbell-Cochrane external habit model imposes restrictions on the four parameters 
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. The same joint hypothesis as stated in (16) allows us to test the relation between the intertemporal dependence of the surplus consumption growth rate and the intertemporal dependence of the broad market stock returns.
Table 9 presents the results of the regression analysis. Panels A and B report the short-term and the long-term intertemporal dependence results for the full sample and the two sub-sample periods, respectively. The joint hypothesis (16) is strongly rejected for the entire sample. For regression (17), the estimate of 
[image: image200.wmf]0

c

 is statistically insignificant, and the inverse curvature parameter 
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 is slightly larger than the estimate that is reported in Table 7. The estimate of 
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 is insignificant, which indicates a time discount factor that is close to 1. The estimate of 
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 is insignificantly different from 1 but significantly different from 0, as predicted by the model. These results are generally consistent with those that are reported in Table 7. 

VI. Conclusion 

We demonstrate that momentum/contrarian returns are characterized jointly by the selection mechanism and the persistence of cross-sectional stock returns. This allows us to decompose market returns into momentum and a non-momentum related components, and offers an explanation for the co-existence of a negative serial correlation for the index returns and short-term continuation among individual stock returns at a frequency of six months. Our decomposition suggests that momentum/contrarian profits are likely to be a broad market phenomenon, rather than specific to individual stocks. 

This persistence, or more generally the intertemporal dependence of the cross-sectional returns, imposes restrictions on the stochastic discount factor that is used to price securities. For several widely investigated asset pricing models, we explicitly establish the relation between the intertemporal return dependence and the intertemporal dependence of certain macroeconomic fundamentals, such as the consumption growth rate. 

The empirical evidence supports this relation. The momentum/contrarian phenomenon with the cross-section of security returns can be reduced to the short-term continuation/long-term reversal of the underlying stochastic discount factor process. Our findings suggest that momentum/contrarian profits are the reward for bearing the systematic risk of the intertemporal dependence of macroeconomic fundamentals. 

In the short run, the profits from the WML portfolio reflect the average positive momentum in the macroeconomic fundamentals. In the long run, they reflect the average negative reversal in the macroeconomic fundamentals. Momentum/contrarian trading strategies therefore amount to participation in macroeconomic fluctuations that are intertemporally dependent. The “abnormal” returns of momentum/contrarian strategies are thus derived from the ability of these strategies to ride upon the stochastic variation of the aggregate economy, where returns on the upside more than compensate for those on the downside. 

Appendix: Collection of proofs

Proof of Proposition 1:  The existence of the stochastic discount factor follows from Harrison and Kreps (1979). The two conditions follow from the results of section III. Q.E.D.

Proof of Proposition 2: From the fact that 
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 in proposition 1, by applying Taylor series expansion and omitting terms that multiply four small numbers, we have:
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In other words, we have:
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Under the assumption 
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Using the above condition, we arrive at the following equation: 
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The logarithm of the SDF is given by:
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If we omit the third-order terms, we have a second-order approximation: 
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Given that 
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 is in investors’ information set at time t the first-order approximation can be written as 
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Proof of Corollary 1: Plugging in the discount factor into
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In other words, we should have 
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Similarly, we can explicitly work out the first-order approximation as


[image: image222.wmf]]

ln

)

1

(

[

f

t

h

t

h

t

h

t

t

h

t

t

g

b

b

a

E

g

E

-

+

+

+

+

+

-

+

=

g

b

g

.

Q.E.D.
Proof of Corollary 2: 
Plugging the stochastic discount rate 
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we arrive at the following equation:
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Collecting terms together, we have: 
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 is the linear tracking error of the market return that is close to 0. We also have 
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 by definition. Combining these terms, we obtain the relationship. 

The first-order approximation can be similarly derived as 


[image: image229.wmf]].

)

1

(

ln

[

)

(

f

t

h

t

h

t

h

t

t

h

t

t

g

b

b

a

E

g

E

-

+

+

+

+

+

-

+

=

b

y

y

                               Q.E.D.
Proof of Corollary 3:  Plugging the stochastic discount factor into the condition of Proposition 2, we have: 
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The first-order approximation can be similarly derived as


[image: image231.wmf])].

(

ln

)

1

(

[

)

(

1

1

f

t

f

t

f

t

h

t

h

t

h

t

t

h

t

h

t

h

t

t

g

u

u

b

b

a

E

g

u

u

E

-

-

-

-

+

+

+

+

-

+

+

+

-

+

-

+

=

+

-

g

d

g

  Q.E.D.  
References
Ahn, Dong-Hyun, Jennifer Conrad, and Robert Dittmar, 2003, Risk adjustment and trading strategies, Review of Financial Studies, 16, 459-485.

Bansal, Ravi and Amir Yaron, 2004, Risks for the long run: A potential resolution of asset pricing puzzles, Journal of Finance, 59, 1481-1509. 

Barberis, Nicholas, Andrei Shleifer, and Robert Vishny, 1998, A model of investor sentiment, Journal of Financial Economics, 49, 307-343.

Campbell, John Y. and John H. Cochrane, 1999, By force of habit: A consumption-based explanation of aggregate stock market behavior, Journal of Political Economy, 205-251.

Cecchetti, Stephen G., Pok-sang Lam, and Nelson Mark, 1990, Mean reversion in equilibrium asset prices, American Economic Review, 80, 398-418.

Chan, Louis, K.C., Narasimhan Jegadeesh, and Joseph Lakonishok, 1996, Momentum strategies, Journal of Finance, 51, 1681-1713.

Chordia, Tarun and Lakshmanan Shivakumar, 2002, Momentum, business cycle and time varying expected returns, Journal of Finance, 57, 985-1019.

Cochrane, John H., 2001, Asset Pricing, Princeton University Press.

Cooper, Michael J., Roberto C. Gutierrez Jr., and Allaudeen Hameed, 2004, Market states and momentum, Journal of Finance, 59, 1345-1366. 

Conrad, Jennifer and Gautam Kaul, 1998, An anatomy of trading strategies, Review of Financial Studies, 11, 489-519.  

Daniel, Kent and Sheridan Titman, 1997, Evidence on the characteristics of cross sectional variation in stock returns, Journal of Finance, 52, 1-33.

Daniel, Kent, David Hirshleifer, and Avanidhar Subrahmanyam, 1998, Investor psychology and security market under- and over-reaction, Journal of Finance, 53, 1839-1886.

DeBondt, Werner F.M., and Richard H. Thaler, 1985, Does the stock market overreact? Journal of Finance, 40, 793-805.

Epstein, Larry G. and Stanley E. Zin, 1989, Substitution, risk aversion, and the temporal behavior of consumption and asset returns: A theoretical framework, Econometrica, 57, 937-968.

Fama, Eugene F., 1965, The behavior of stock market prices, Journal of Business, 38, 34-105. 

Fama, Eugene F. and Kenneth R. French, 1996, Multifactor explanations of asset pricing anomalies, Journal of Finance, 51, 55-84.

Ferson, Wayne E., and Campbell Harvey, 1991, The variation of economic risk premiums, Journal of Political Economy, 99, 385-415.

George, Thomas J. and Chuan-yang Hwang, 2004, The 52-week high and momentum investing, Journal of Finance, 59, 2145-2176.

Griffin, John M., Susan Ji and Spencer J. Martin, 2003, Momentum investing and business cycle risk: Evidence from pole to pole, Journal of Finance, 58, 1515-1547.

Grundy, Bruce D. and Spencer J. Martin, 2001, Understanding the nature of risks and the sources of rewards to momentum investing, Review of Financial Studies, 14, 29-78.

Hamilton, James D., 1989, A new approach to the economic analysis of nonstationary time series and the business cycle, Econometrica, 57, 357-84.

Hansen, Lars P. and Kenneth J. Singleton, 1983, Stochastic consumption, risk aversion and the temporal behavior of asset returns, Journal of Political Economy, 91, 249-265.

Harrison, J. Michael, and David M. Kreps, 1979, Martingales and arbitrage in multiperiod securities markets, Journal of Economic Theory, 20, 381-408.

Hong, Harrison and Jeremy C. Stein, 1999, A unified theory of underreaction, momentum trading and overreaction in asset markets, Journal of Finance, 54, 2143-2184.

Jegadeesh, Narasimhan and Sheridan Titman, 1993, Returns to buying winners and selling losers: Implication for stock market efficiency, Journal of Finance, 48, 65-91.  

Jegadeesh, Narasimhan and Sheridan Titman, 2001, Profitability of momentum strategies: An evaluation of alternative explanations, Journal of Finance, 56, 699-720.

Jegadeesh, Narasimhan and Sheridan Titman, 2002, Cross-sectional and time-series determinants of momentum returns, Review of Financial Studies, 15, 143-157.

Kandel, Shmuel and Robert F. Stambaugh, 1991, Asset returns and intertemporal preferences, Journal of Monetary Economics, 27, 39-71.

Korajczyk, Robert A., and Ronnie Sadka, Are momentum profits robust to trading cost? Journal of Finance, 59, 1023-1048. 

Lakonishok, Josef, Andrei Shleifer and Robert W. Vishny, 1994, Contrarian investment, extrapolation, and risk, Journal of Finance, 49, 1541-1578.

Lewellen, Jonathan, 2002, Momentum and autocorrelation in stock returns, Review of Financial Studies, 15, 533-63.

Liu, Laura X. L., Jerold B. Warner, and Lu Zhang, 2005, Momentum profits and macroeconomic risk, NBER working paper 11480.

Lo, Andrew W., and A. Craig MacKinlay, 1990, When are contrarian profits due to market overreaction? Review of Financial Studies, 3, 175-205.

Lucas, Robert E. Jr, 1978, Asset prices in an exchange economy, Econometrica, 46(6), 1429-45.

Mehra, Rajinish and Edward C. Prescott, 1985, The equity premium: A puzzle, Journal of Monetary Economics, 15, 145-161.

Moskowitz, Tobias J. and Mark Grinblatt, 1999, Do industries explain momentum? Journal of Finance, 54, 1249-1290.

Rouwenhorst, K. Geert, 1998, International momentum strategies, Journal of Finance, 53, 267-284. 

Tallarini, Thomas D., Jr. and Harold H. Zhang, 2005, External habit and the cyclicality of expected stock returns, Journal of Business, 78, 1023-1048.

Weil, Philippe, 1989, The equity premium puzzle and the riskfree rate puzzle, Journal of Monetary Economics, 24, 401-421.

Table 1

Summary statistics for the broad market return dependence parameters
The broad market return dependence parameters 
[image: image232.wmf]h

t

a

+

 and 
[image: image233.wmf]h

t

b

+

 are estimated for any given month by regressing the cross-section of the holding period returns (compounded over month t to month t+5) on the cross-section of the formation period returns (compounded over month t-6 to t-1 for the momentum trading in Panel A; and compounded over month t-60 to t-55 for the contrarian trading in Panel B). The data sample covers all individual stocks traded in NYSE and AMEX. The standard errors are reported in parentheses, and the Newey-West procedure is used to adjust the time-series persistence in these estimates. ‘*’ indicates a 5% significance level and ‘**’ indicates a 1% significance level.

	
	
[image: image234.wmf]h

t

a

+


	
	
[image: image235.wmf]h

t

b

+


	
	Corr(
[image: image236.wmf]h

t

a

+

,
[image: image237.wmf]h

t

b

+

)

	
	Mean
	Std.
	
	Mean
	Std.
	
	Correlation

	Panel A   Momentum 

	
	
	
	
	
	
	
	

	1926.07-2003.07
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Table 2

Momentum/contrarian and broad market intertemporal dependence
This table reports the average realized momentum/contrarian return, its predicted counterpart based on the cross-sectional return persistence 
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, the difference between the realized and the predicted returns, and the results of the regression of the observed momentum/contrarian return on the broad market persistence based momentum return, i.e., 
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, for the NYSE&AMEX stocks. The WML portfolio is formed by the winner decile portfolio minus the loser decile portfolio sorted with individual stocks based on the formation period returns (month t – 6 through month t – 1 for the momentum in Panel A, and month t-60 to t-55 for the contrarian in Panel B). 
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 denotes the six-month compounded WML returns for the holding period (month t to t+5). 
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 denotes the compounded WML returns for the formation period. The columns labeled as “Means” report the averages of the time series. The standard errors are reported in parentheses, and the Newey-West procedure is used to adjust the time-series persistence in these estimates. ‘*’ indicates a 5% significance level and ‘**’ indicates a 1% significance level.
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Table 3

Market returns and broad market intertemporal dependence
This table reports the average realized market returns, the momentum component of the market returns 
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, and the results of the regression of the observed market returns 
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 (compounded from month t through t+5) on the broad market intertemporal dependence based market returns, i.e., 
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denotes the compounded market returns in the formation period (month t-6 through t-1 for the momentum in Panel A, and month t-60 to t-55 for the contrarian in Panel B). The market returns refer to the equally weighted returns of all stocks in the NYSE&AMEX stock sample. The columns labeled as “Summary Statistics” report the average of the respective time series as well the correlation between 
[image: image253.wmf] 

h

t

a

+

and 
[image: image254.wmf]f

t

m

r

-

,

. The standard errors are reported in parentheses, and the Newey-West procedure is used to adjust the time-series persistence in these estimates. ‘*’ indicates a 5% significance level and ‘**’ indicates a 1% significance level.
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Correlation coefficients between 
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This table reports the correlation coefficients between the broad market return dependence parameters 
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for the momentum trading (Panel A) and the contrarian trading (Panel B). The formation period denotes the two consecutive quarters covering the period over month t-6 to t-1 for the momentum trading (over month t-60 to t-55 for the contrarian trading), and the holding period denotes the two consecutive quarters covering the period over month t to t+5 (the same for contrarian). The standard errors are reported in parentheses, and the Newey-West procedure is used to adjust the time-series persistence in these estimates. ‘*’ indicates a 5% significance level and ‘**’ indicates a 1% significance level.
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Table 5

The conditional test of macroeconomic intertemporal dependence for the CRRA model
GMM tests of the three intertemporal dependence restrictions on the stochastic discount factor in the CRRA model. Restriction (I) indicates the rationality of WML returns, restriction (II) indicates the rationality of the market returns, and restriction (III) indicates a connection between the intertemporal dependence structure in cross-section returns and the stochastic discount factor. For columns marked momentum, we test the intertemporal dependence underlying the momentum profit with holding period covering two quarters of month t through t+5 and formation period covering month t-6 through t-1. For columns marked contrarian we test intertemporal dependence underlying the contrarian profit with holding period covering two quarters of month t through t+5 and formation period covering month t-60 through t-55. For columns marked momentum and contrarian, we test the restrictions underlying both the momentum and the contrarian trading. Instruments used including (1) the unity vector; (2) the equally weighted CRSP market index return 
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; (3) the economy-wide default spread 
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; (4) the CRSP dividend yield 
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; (5) the term structure spread 
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. For the market index return, we use their values for the two quarters that cover month t-6 to month t-1. For the other four market-wide variables, we use their value for the month of t-1. The J-test tests whether the moment conditions holds. The standard errors are reported in parentheses, and the Newey-West procedure is used to adjust the time-series persistence in these estimates. The p-value of the J-test is reported in brackets. ‘*’ indicates a 5% significance level and ‘**’ indicates a 1% significance level. The sample period is from 1952Q4-2003Q3 and the sample period is from 1957Q2 to 2003Q3 when contrarian is involved.

	
	Momentum
	
	Contrarian
	
	Momentum & Contrarian

	
	III
	
	I&II&III
	
	III
	
	I&II&III
	
	III
	
	I&II&III

	
	
	
	
	
	
	
	
	
	
	
	

	
[image: image285.wmf]b


	0.8129**

(0.0893)
	
	1.0074**

(0.0081)
	
	0.8467**

(0.1255)
	
	0.9894**

(0.0122)
	
	0.9453**

(0.0884)
	
	0.9983**

(0.0061)

	
	
	
	
	
	
	
	
	
	
	
	

	
[image: image286.wmf]g


	44.952**

(6.2080)
	
	6.8886**

(0.3127)
	
	58.6018**

(7.7253)
	
	5.2493**

(0.6045)
	
	59.1655**

(4.7416)
	
	6.1713**

(0.2392)

	
	
	
	
	
	
	
	
	
	
	
	

	J-test
	1.9531

[0.7444]
	
	24.0804

[0.0877]
	
	1.1770

[0.9996]
	
	15.2202

[0.3536]
	
	11.3832

[0.3285]
	
	30.7504

[0.6277]


Table 6 

The conditional test of the macroeconomic intertemporal dependence for the Epstein-Zin model

GMM tests of the three intertemporal dependence restrictions on the stochastic discount factor in the Epstein-Zin recursive preference model. Restriction (I) indicates the rationality of WML returns, restriction (II) indicates the rationality of the market returns, and restriction (III) indicates a connection between the intertemporal dependence structure in cross-section returns and the stochastic discount factor. For columns marked momentum, we test the intertemporal dependence underlying the momentum profit with holding period covering two quarters of month t through t+5 and formation period covering month t-6 through t-1. For columns marked contrarian, we test intertemporal dependence underlying the contrarian profit with holding period covering two quarters of month t through t+5 and formation period covering month t-60 through t-55. For columns marked momentum and contrarian, we test the restrictions underlying both the momentum and the contrarian trading. All other details are the same as in Table 5.
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	J-test
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Table 7 

The conditional test of the macroeconomic intertemporal dependence for the external habit model

GMM tests of the three intertemporal dependence restrictions on the stochastic discount factor in the external habit formation model. Restriction (I) indicates the rationality of WML returns, restriction (II) indicates the rationality of the market returns, and restriction (III) indicates a connection between the intertemporal dependence structure in cross-section returns and the stochastic discount factor. For columns marked momentum, we test the intertemporal dependence underlying the momentum profit with holding period covering two quarters of month t through t+5 and formation period covering month t-6 through t-1. For column marked contrarian, we test intertemporal dependence underlying the contrarian profit with holding period covering two quarters of month t through t+5 and formation period covering month t-60 through t-55. For columns marked momentum and contrarian, we test the restrictions underlying both the momentum and the contrarian trading. All other details are the same as in Table 5.
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	J-test
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Table 8
Intertemporal dependence in consumption growth and security returns

Panel A and B report respectively the results of the regression, at a quarterly frequency, of the per capita consumption growth rate 
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of the holding period (compounded for the two quarters that cover month t through t+5) on the growth rate respectively of the short term and the long term formation period, i.e., 
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denotes the holding period compounded per capita consumption growth rate for the two quarters that cover month t-6 through t-1, for the short term momentum, and for the two quarters covering month t-60 through t-55. The F-test tests the joint hypothesis that 
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, i.e., that no corresponding macroeconomic intertemporal dependence exists. The standard errors are reported in parentheses, and the Newey-West procedure is used to adjust the time-series persistence in these estimates. The p-value of the F-test is reported in brackets. ‘*’ indicates a 5% significance level and ‘**’ indicates a 1% significance level.
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Table 9
Intertemporal dependence in consumption surplus growth and security returns

Panel A and B report respectively the results of the regression, at a quarterly frequency, of the per capita consumption surplus growth rate 
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of the holding period (compounded for the two quarters that cover month t through t+5) on the growth rate respectively of the short term and the long term formation period, i.e., 
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denotes the holding period compounded per capita consumption surplus growth rate for the two quarters that cover month t-6 through t-1, for the short term momentum, and for the two quarters covering month t-60 through t-55. The latent habit persistence is estimated as in the last column of Table 7. The F-test tests the joint hypothesis that 
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, i.e., that no corresponding macroeconomic intertemporal dependence exists. The standard errors are reported in parentheses, and the Newey-West procedure is used to adjust the time-series persistence in these estimates. The p-value of the F-test is reported in brackets. ‘*’ indicates a 5% significance level and ‘**’ indicates a 1% significance level.
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Figure 1
Panels A and B of this figure illustrate, respectively, the time-series movement of momentum and contrarian profits in the six-month holding period (month t to t+5, solid line) and their counterparts (dashed line) that can be explained by cross-sectional intertemporal return dependence (the multiplicative product of 
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 and the WML return difference in the formation period). The sample period is from July 1926 to July 2003. The cross-sectional intertemporal dependence parameter 
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 is estimated using NYSE and AMEX individual monthly return data.
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� Momentum profit was first documented in Jegadeesh and Titman (1993), and has shown to be robust to analysis in different countries (Rouwenhorst (1998)), different ways of collecting assets (Moskowitz and Grinblatt (1999), Lewellen (2002)), and different periods (Jegadeesh and Titman (2001)).


� An incomplete list of studies on the momentum profit includes Lewellen (2002), Jegadeesh and Titman (2001, 2002), Grundy and Martin (2001), Chordia and Shivakumar (2002), Ahn, Conrad, and Dittmar (2003), Griffin, Ji, and Martin (2003), Cooper, Gutierrez, and Hameed (2004), George and Hwang (2004), and Korajczyk and Sadka (2004). Contrarian profit is equally controversial. See the references in Conrad and Kaul (1998) for details.


� The cross-sectional persistence of stock returns is measured by the slope coefficient of the regression of the cross-sectional holding period returns on the formation period returns. We discuss this issue in detail in the next section. The existence of a small but nontrivial cross-sectional persistence of stock returns at a monthly frequency has been known since Fama (1965).


� Although we conduct the empirical analysis on both the equally and value weighted market portfolio indexes, the results that are reported in this paper mainly refer to the equally weighted market portfolio index.


� Consumption growth is widely considered to be close to i.i.d. Hamilton (1989) and Cecchetti, Lam and Mark (1990), among many others, however, find that consumption dynamics contain a persistent but small predictable component. 


� This is the direct consequence of Propositions 1 and 2, which are discussed in section IV. 


� Our results are robust to the selection of different thresholds.


� We follow the practice of Jegadeesh and Titman (1993) of including the most recent month in the formation period. Fama and French (1996), among others, skip the most recent month, which yields a slightly larger momentum profit.


� The 1947 breakpoint is chosen to be consistent with Conrad and Kaul (1998), who point out that momentum becomes significant only after 1947. Other breakpoints for the subsample periods are chosen so that the post-1947 sample period is equally split. 


� They use a dataset that includes NASDAQ stocks. However, they exclude firms with very small market capitalization and firms with a stock price that is lower than $5. 


� The on-average positive persistence-related contrarian market return arises because there is a positive correlation between � EMBED Equation.3  ���and � EMBED Equation.3  ���. That is, a positive market return does not lead to a long-term reversal as much as a negative market return.    


� The less than perfect fit may be partially due to minor violations of the cross-sectional linearity assumption of (1).  


� This assumption follows tradition in the literature of finance. Fama and French (1996), for example, form their systematic factor (SMB and HML) with a collection of asset returns. Note also that this assumption is used to motivate Proposition 2.


� We follow Chordia and Shivakumar (2002) in collecting these data. We experiment with other instrumental variables and find similar results (the results are not reported and are available upon request). 


� Our estimation does not offer precise estimates on the time discount factor as the restrictions we impose are mostly on the intertemporal dependence structure of returns. 


� In our estimation, we have required the stochastic discount rate to be less than 250. With a value of 250 for the stochastic discount factor at any in-sample data point, the sample volatility of the stochastic discount factor is at least 15. This restriction therefore is quite reasonable. 
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