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Abstract 

This paper investigates how liquidity has effects on momentum and reversal profits 

that have recently been reduced. We show that their persistence is associated with 

the activities of institutional investors and two components of arbitrage costs, 

transaction costs and holding costs. Specifically, we find that arbitrage costs deter 

exploiting momentum and reversal effects; transaction costs, including the multi-

dimensions such as price impact, depth, and spread from the market microstructure 

literature, limit arbitrage for both the momentum and reversal effects while holding 

costs prevent only the reversal effect. In addition, we find evidence that as the 

institutional ownership increases, the momentum decreases, which is consistent 

with our conjecture that institutional investors, as arbitrageurs, improve the 

efficiency of prices by momentum trading. Overall, our evidence implies that 

liquidity improvement, caused by the decreases in transaction and holding costs 

and the increase in institutional ownership, has led to reduction in momentum and 

reversal profits over time.  
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1. Introduction 

Unlike other anomalies, such as the weekend effect, dividend yield effect, and size effect
1
, the 

momentum and long-term reversal effects remained persistent even after being revealed in the 

seminal papers by DeBondt and Thaler (1985) and Jegadeesh and Titman (1993) over more than 

ten years; long-term reversal effects have been identified when long-term past losers outperform 

long-term past winners over the subsequent three to five years (De Bondt and Thaler 1985), 

whereas the momentum effect occurs when intermediate-term past winners outperform 

intermediate-term past losers over 3- to 12-month holding periods (Jegadeesh and Titman 1993). 

Both effects, however, have recently been less persistent; the momentum and long-term reversal 

effects are sustained during the 1993-2010 period, but the effects have been reduced over the 

recent sub-sample period, 2001-2010.  

Previous literature has focused primarily on finding the underlying causes of momentum 

and long-term reversal, which are usually categorized into non-risk-based and risk-based 

explanations. Non-risk-based explanations are those related to behavioral finance, such as the 

overreaction hypotheses (Barberis, Shleifer and Vishny (1998); Daniel, Hirshleifer and 

Subrahmanyam (1998)) or the under-reaction hypotheses (Hong, Lim and Stein (2000); Hong 

and Stein (1999); Jegadeesh and Titman (1993)). Risk-based-explanations have a logical 

possibility (Conrad and Kaul (1998); Fama and French (1996)), but little evidence favors a risk 

story. Although extant empirical evidence seems to support the non-risk-based explanation, it 

would be premature to reject the risk-based-explanation, related to the concept of market 

efficiency. 

Rather than investigating the underlying sources of the momentum and reversal effects, 

we shift our attention to why both effects have been persistent so long under assumptions that 

investors are rational and that markets are efficient. To explain their persistence, we introduce 

two factors, arbitrage costs and the activities of institutional investors, which are associated with 

liquidity: decreases in arbitrage costs and increases in institutional ownership improve liquidity. 

                                       
1
 Since the publication of Banz (1981) and Reinganum (1981), size effects have disappeared: during 1963-1981, the 

difference between small and large firms was 13percent (on annualized basis) compared to negative 2 percent (on an 

annualized basis) during 1982-1887. 
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We also provide evidence that these factors may be associated with a recent reduction in the 

persistence of momentum and reversal effects.  

In the textbook discussion, arbitrage does not require any additional capital or risk. In the 

real world, however, frictions may make arbitrage become costly and deter the activities of 

arbitrageurs. Consistent with ‘the limits of arbitrage’ (Shliefer and Vishny (1997)), this paper 

shows that the effects are associated with arbitrage costs, which can be divided into two 

components: transaction costs and holding costs (Pointiff (2006)). Although raw returns based on 

these strategies appear to be positive, the returns may be illusory when investors consider 

arbitrage costs. Lesmond, Schill and Zhou (2004) support this view by showing that returns 

associated with momentum strategies do not exceed transaction costs. Even if expected returns 

are positive after subtracting transaction costs, arbitrageurs may not choose the strategies due to 

significant holding costs that can be influenced by large mispricing in the short run, leading to 

short-term losses and client withdrawals. We, therefore, suggest that high arbitrage costs make 

momentum or reversal anomalies persistent. This is also consistent with the idea that mispricing 

can occur even when investors behave rationally under their profit consideration and risk 

aversion. 

Another explanation of the persistence of momentum and reversal profits is related to 

institutional investors who act as arbitrageurs. Compared to individual investors, institutional 

investors usually experience fewer limits to arbitrage. First, institutional investors have superior 

skills in catching mispriced stocks. Moreover, institutional investors face relatively low research 

expenses and short-selling risk. For example, they can save their research expenses through 

economies of scale as they usually trade large blocks of share. They also encounter less risk of 

short squeeze as institutional investors can find an alternative lender easily when loaned 

securities are required to be reimbursed (Dechow, Hutton, Meulbroek and Sloan (2001)). Thus, 

we expect that stocks with a low level of institutional ownership lead to the continued mispricing 

associated with the momentum and reversal effects. Furthermore, we shed light on the question 

of whether overall institutional investors improve price efficiency as arbitrageurs who can 

exploit momentum or long-term reversal mispricing. This question is intriguing because extant 

studies have disagreed about the role of institutional investors in financial markets. Lakonishok, 
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Shleifer and Vishny (1992) assert that institutions tend to herd and follow potentially 

destabilizing investment strategies, and that such trend chasing can cause momentum in stock 

prices. Gompers and Metrick (2001), in their investigation of the relationship between 

institutional holdings and lagged returns, conclude that there is no evidence of momentum 

trading from 1980 to 1996 after controlling for firm size. Boehmer and Kelley (2009) show that 

stocks with greater institutional ownership are priced more efficiently. 

     To conduct empirical analyses, this study initially estimates arbitrage costs. Arbitrage 

costs can be divided into transaction costs and holding costs. Following Pontiff (1996) and 

McLean (2010), we estimate holding costs by using idiosyncratic risk. For transaction costs, we 

combine extant measures, developed by market microstructure studies (e.g., bid-ask spread, 

depth, and price impact), using the principal component analysis and the ranking method. Our 

measures do not indicate the exact number of transaction costs, but they provide enough 

information for portfolios construction. 

     Using these measures, we test the relation between arbitrage costs and 

momentum/reversal effects within a portfolio setting and a regression framework over the period 

1993-2010. Our main finding is that the largest mispricing occurs disproportionally in stocks 

with high arbitrage costs, especially high transaction costs. This result contradicts McLean's 

(2010) prediction, which states that transaction costs would be the binding costs in momentum 

but not reversal because transaction costs are likely to be the binding costs for smaller mispricing 

whereas idiosyncratic risk plays an important role in larger mispricing. We, however, show that 

transaction costs can be sufficient conditions to limit arbitrage for the long-term reversal as well 

as the momentum effect. To put it another way, transaction costs act as binding constraints for 

both smaller and greater mispricing, while idiosyncratic risk limits only greater mispricing. This 

implies that transaction costs comprise a larger part of arbitrage costs than holding costs do. In 

fact, transaction costs include multi-dimensions, not only direct costs (e.g., bid-ask spread plus 

commissions, tax, search costs) but also indirect costs (e.g., price impact, depth and other 

immediacy costs). Therefore, such transaction costs with different aspects may be greater than 

McLean (2010) expected. While it is challenging to measure true transaction costs, which have 

complicated characteristics, we reduce the possibility of misestimating true transaction costs by 
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measuring them in multi-dimensions rather than in a single dimension. Our empirical evidence is 

consistent with the findings of Shleifer and Vishny (1997) and Pontiff (2006), which indicate 

that arbitrageurs will exploit mispricing when the marginal benefits of a strategy exceed its costs. 

     Furthermore, in order to examine the role of institutional investors as arbitrageurs, we 

explore the relationship between total institutional ownership and the proficiency of the 

momentum and long-term reversal effects. Our empirical evidence, consistent with that of 

Boehmer and Kelly (2009), supports the conclusion that the momentum and reversal effects 

decline as total institutional ownership increases in the single-sorted portfolio analysis. After 

controlling for other firm characteristic variables, we still confirm a negative relation between 

momentum and total institutional ownership while the result does not support hypothesis related 

to reversal. This finding implies that institutional investors play an important role in improving 

price efficiency through momentum trading. 

Considering the interaction between arbitrage costs and institutional ownership, we 

investigate how institutional investors exploit momentum and reversal profits at the different 

levels of arbitrage costs. Empirical evidence shows that the difference of momentum and reversal 

profits between high- and low- level of institutional ownership becomes larger as arbitrage costs, 

particularly transaction costs increase. This result implies that institutional investors, who face 

fewer limits to arbitrage, can exploit more mispricing than do individual investors.    

     To explore how recent financial market reforms have impacts on the momentum and 

reversal effects, we conduct a portfolio analysis of momentum and reversal effects in two sub-

periods, the pre-decimalization period (1993-2000) and post-decimalization period (2001-2010), 

respectively. To begin, we confirm that momentum and reversal profits have declined over time. 

We also find that the significance and magnitude of the momentum and reversal effects 

associated with arbitrage costs and institutional ownership have dramatically decreased in the 

post-decimalization period. These findings may be caused by the recent market reforms that led 

to a reduction in explicit arbitrage costs after 2001, such as the reduction of the minimum tick 

size and the introduction of the new SEC Rule 605, SuperSOES (Small Order Execution System) 

and SuperMontage in the NASDAQ and the dramatic increases in activities of institutional 

investors, particularly hedge fund traders, since 2002. Thus, the results in two sub-periods also 
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indirectly suggest that a recent reduction in momentum and reversal effects may be associated 

with reduction in arbitrage costs and increases in institutional ownership.    

The paper is organized as follows. Section 2 develops hypotheses. Section 3 and Section 

4 explores a detailed description of the estimations of arbitrage costs and their summary statistics. 

Section 5 and Section 6 present our empirical findings, and Section 7 concludes. 

2. Hypotheses 

The definition of arbitrage states that the arbitrageur buys underpriced stock and simultaneously 

shorts a perfect substitute while he/she sells overpriced stock and longs the substitute. This trade 

requires no investment and earns an instantaneous riskless profit from a portfolio that can be 

liquidated when prices move back in line with fundamentals in a frictionless market. Therefore, 

in an ideal world, the momentum or long-term reversal anomalies would immediately dissipate 

with the arbitrage. 

By introducing market frictions, we test for the persistence of momentum and reversal 

effects under the assumption that investors are rational and that the market is efficient. 

Mispricing may be sustained if market frictions, such as high arbitrage costs, make a particular 

strategy unprofitable and then prevent arbitrageurs from exploiting the profit. Consequently, the 

efficient market hypothesis cannot be rejected if larger mispricing occurs disproportionally in 

portfolios with higher transaction costs. This hypothesis can be linked to limited arbitrage. 

Pontiff (1996, 2006) and Shleifer and Vishny (1997) assert that arbitrageurs will trade on 

mispricing only when the marginal benefit exceeds the marginal cost. Based on this concept of 

limited arbitrage, we expect that the momentum and /or long-term reversal effects will be more 

pronounced in stocks with high arbitrage costs. 

 Hypothesis1: Momentum and long-term reversal effects would be persistent in stocks with 

higher arbitrage costs than in those with lower arbitrage costs. 

Hypothesis 1 is derived as follows. Expected returns after subtracting total arbitrage costs 

may be lower than raw returns. The arbitrage costs can be divided into two components: 

transaction costs and holding costs. Transaction costs are incurred at the moment when investors 
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trade. Bid-ask spread, depth, price impact and transaction fee are the examples of transaction 

costs. Holding costs are the costs that are incurred since a position is open. The examples of 

holding costs include volatility and cost of short selling. In an extreme case, the strategy of the 

momentum and reversal effects may be unprofitable to rational traders due to high transaction 

costs. Since the profits of momentum and long-term reversal effects are illusory, their persistence 

may be continued. Provided that these profits become even positive after subtracting transaction 

costs, investors may consider momentum and reversal strategy as a last resort due to the fear of 

the holding costs that can be incurred when the position is open. Consequently, momentum and 

reversal effects remain persistent since arbitrage costs may make momentum and reversal effects 

not get fully arbitraged away in equilibrium. 

 Another question about the persistence of momentum and long-term reversal effects is 

whether institutional investors play an important role in exploiting arbitrage. Among the many 

types of investors, institutional investors, particularly hedge fund traders, have grown rapidly 

over the past 20 years. Prior work has investigated the role of institutional investors in the 

financial markets. Lakonishok, Shleifer, and Vishny (1992) assert that institutions frequently 

herd and follow potentially destabilizing investment strategies and that trend chasing can cause 

momentum in stock prices. Hence, institutions may undermine price efficiency. Gompers and 

Metrick (2001) investigate the relationship between institutional holdings and lagged returns and 

assert that there is no evidence of momentum trading after controlling for a firm size because 

momentum trading by mutual funds is offset by contrarian trading of other institutions. Boehmer 

and Kelly (2009) show that stocks with greater institutional ownership are priced more 

efficiently. In short, the role of institutional ownership in financial markets has not yet reached a 

consensus among researchers. Consequently, this is an empirical issue.  

In this paper, we support the view that institutional investors work as arbitrageurs in 

financial markets and suggest the following hypothesis;  

Hypothesis2: Momentum or long-term reversal anomalies will decrease as the total institutional 

ownership increases. 
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Institutional ownership is defined as the fraction of a firm's shares that are held by 

institutional investors. The institutional ownership of a company is one minus the fraction of its 

shares held by non-institutional investors, such as individual investors. To explain the derivation 

of Hypothesis 2, it is necessary to clarify why institutional investors are more likely to exploit 

the momentum or reversal effects than individual investors are. One of our conjectures is that 

institutional investors are less subject to the limits to arbitrage than individual investors are, so 

they can actively participate in trading of the mispriced stocks even when the profit from that 

strategy is relatively low. Another conjecture is that institutional investors are likely to save more 

in research expenses through economies of scales and to face less risk of short-selling since they 

are in the better position to find out another lender when loans for short securities are required to 

be reimbursed (Dechow et al., (2001)). Prior studies also show that short sale costs are highly 

correlated with institutional ownership (Asquith, Pathak and Ritter (2005); Boehmer and Kelley 

(2009)). Lastly, we conjecture that institutional investors will capture the mispriced stocks more 

easily than do individual investors because of their superior stock-analysis skills. Therefore, we 

expect stocks with low institutional ownership to have greater momentum and reversal effects. 

3. Data, estimation of arbitrage costs, and portfolio construction 

In this section we discuss the data sources, estimation of arbitrage costs, portfolio construction 

and summary statistics of the key variables used in the study. 

3.1 Data 

The empirical analysis in this paper utilizes four different databases. We start with intraday data 

for the estimation of transaction costs and calculate daily averages and then monthly averages. 

The intraday data are obtained from the New York Stock Exchange Trades and Automated 

Quotes (TAQ). To measure transaction costs, we construct effective spread, quoted spread, 

quoted depth and price impact from the NYSE's TAQ data. For each stock and each trading day, 

we first determine the highest bid and lowest ask across all quoting venues at every point during 

the day (NBBO quotes), and, then follow filters, referring to Huang and Stoll (1997) and 

Brownlees and Gallo (2006). In order to reduce errors and outliers, we remove 1) quotes if either 

the bid or ask price is negative; 2) quotes if either the bid or ask size is negative; 3) quotes if bid-
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ask spread is greater than $5 or negative; 4) the quotes if transaction price is negative; 5) quotes 

before-the-open and after-the close trades and quotes; 6) quotes if the bid, ask, or trade price 

differ by more than 20% from the previous quote or trade price; 7) quotes originating in markets 

other than the primary exchange because regional quotes tend to closely follow the quotes posted 

by the primary exchange; 8) %Effective spread/%Quoted spread>4.0. 

We obtain stock returns, share price, and the number of shares outstanding from the 

Center for Research in Security Prices (CRSP) monthly tapes for all NYSE/AMEX/NASDAQ 

stocks. We use only ordinary common stock, with the share code of 10 or 11. In order to be 

included in the sample, a firm must have at least three years of past return data. We discard 

certificates, American Depositary Receipts (ADRs), shares of beneficial interest, units, 

companies incorporated outside United States, Americus Trust components closed-end funds, 

preferred stocks, and Real Estate Investment Trusts (REITs). To remove extremely illiquid 

stocks, we exclude stocks whose prices are less than $2. We obtain the book value of equity from 

the COMPUSTAT. We winsorize all variables at the 1% and 99% level to remove outliers.  

Finally, we obtain quarterly institutional holdings for all common stocks traded on NYSE, 

AMEX, and NASDAQ for the period from the fourth quarter of 1992 to the fourth quarter of 

2010 from Thomson Financial. The Securities and Exchange Commission (SEC) requires that all 

discretionary investment managers of 13F securities worth $ 100 million or more report all 

equity positions greater than 10,000 shares or $200,000 to the SEC at the end of each quarter. 

Total institutional ownership is defined as the fraction of a company's shares that are held by 

institutional investors. We exclude those observations if total institutional ownership is greater 

than 1.  

The sample period is from 1993 to 2010. We choose this sample period for the following 

reasons; first, our main hypotheses call for the testing of the persistence of momentum and 

reversal effects after the publication of seminal papers by Jegadeesh and Titman in 1993. Second, 

TAQ data have been available since 1993.  

With all the exclusion, the total number of observation is 805,192 firm-months (Panel A 

of Table2).  
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3.2. Estimation of arbitrage costs 

Pontiff (2006) defines arbitrage costs as the sum of holding costs and transaction costs. In the 

next sub-sections, we discuss further details of holding costs and transaction costs, respectively. 

3.2.1 Holding costs 

Arbitrage risk, or holding cost, is an important factor in explaining anomalies. It is impossible for 

arbitrageurs to hold well-diversified portfolios all the time. To construct their arbitrage portfolios, 

they carefully investigate a mispriced stock and in turn put it into their portfolio through a costly 

process. Risk-averse arbitragers who do not hold well-diversified portfolios are concerned about 

idiosyncratic risk, which cannot be compensated for returns. Shleifer and Vishny (1997) suggest 

that idiosyncratic risk deter arbitrageurs from exploiting the mispricing, since they cannot 

perfectly hedge the idiosyncratic risk of individual stocks. Pointiff (2006) asserts that 

idiosyncratic risk would influence arbitrage activity, even after arbitrageurs form diversified 

portfolios, as risk-averse arbitrageurs tend to assign smaller portfolio weights to stocks with 

higher idiosyncratic risk. Following analyses of these papers, we use idiosyncratic risk as a proxy 

of holding costs by regressing the previous 30 months’ returns of each stock on the monthly 

realization of value-weighted market index. The standard deviation of the residuals from the 

regressions is our idiosyncratic risk measure. For a robustness check, we use several alternative 

models to calculate idiosyncratic risk: regressing the previous 36 months returns of each stock on 

S&P500, FF3F and value weighted market index. The results are robust to alternative 

idiosyncratic measures, showing high correlations over 95 percent. Duan et al. (2010) also find 

that measures of idiosyncratic risk, estimated by using daily and monthly frequency data, provide 

similar empirical results. 

3.2.2 Transaction costs 

The task of measuring transaction costs is not simple, as they have intrinsically elusive and 

multifaceted characteristics (Hasbrouck (2009)). Transaction costs include not only direct costs, 

such as bid-ask spread plus commissions, and tax but also indirect costs, such as price impact 

costs, depth, and other immediacy costs. Most extant measures, however, do not cover all of the 

different aspects of transaction costs. For example, the bid-ask spread measure in Amihud and 
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Mendelson (1986), the estimator of the effective spread proposed by Roll (1984), and the 

proportion of zero-return days in Lesmond, Ogden and Trzcinka (1999), all relate to the spread; 

the measures in Amihud (2002) and Pástor and Stambaugh (2003) are relevant to price impact; 

and the number of zero trading volume in Liu (2006) emphasizes trading speed. Each of these 

measures, used alone, has the possibility of misestimating the true value of transaction costs as 

they do not include various aspects of transaction costs. 

In order to overcome these drawbacks, we first construct our measures, focusing on the 

multi-dimensional aspects of liquidity or transaction costs. Theories in market microstructure 

highlight the importance of multi-dimensional facets of liquidity. For instance, dealers adjust 

spread (price dimension) as well as depth (quantity dimension) to protect themselves from 

informed traders. When dealers have a higher chance of trading with the informed traders, they 

are likely to increase spread or decrease depth to protect themselves from informed traders. 

These strategies used by dealers are costly to informed traders and arbitrageurs (Lee, Mucklow 

and Ready (1993); Harris (1990); Chordia, Roll and Subrahmanyam (2001)). 

In addition, the measures based on the high-frequency data (TAQ) have been used as 

benchmarks of other daily or monthly frequency measures. In others words, the former, 

constructed by the real-time actual transaction process, can be considered as being more accurate 

proxy for the latter. (Goyenko, Holden and Trzcinka (2009); Hasbrouck (2009); Roll (1984); and 

Lesmond, Ogden and Trzcinka (1999)). 

To estimate our measures, we, therefore, focus on the multi-dimensional aspects of 

transaction costs, using actual trading process data. We first replicate extant measures based on 

market microstructure literature, such as price impact, quoted depth and effective spread and 

then combine them with a principal component analysis and a ranking method. The appendix 

provides further details on how to estimate our transaction costs.  

3.3. Portfolio construction: momentum and reversal portfolios 

We examine conventional momentum and long-term reversal strategies over a period from 

January 1993 to December 2010. Following Jegadeesh and Titman (1993), we construct 



11 

 

momentum portfolio focusing on the six-month ranking period and the six-month holing period 

strategy that is usually examined in momentum strategies. 

Reversal ranking period Momentum ranking period 
 

Holding Period 

Month -36 to Month -7 Month -6 to Month -1 
 

Month 1 to Month 6 

Figure 1. Time line over sample periods 

Figure 1 shows a timeline for constructing momentum and reversal portfolios. At the end 

of each month we rank the stocks in our sample based on their past six month buy-and-hold 

returns (t-6 through t-1), and then group the stocks into three equally weighted portfolios based 

on those ranks. For each stock, the past six month buy-and-hold return is calculated by 

compounding the monthly returns. At the portfolio formation date, we exclude stocks if monthly 

return data are missing over the ranking period. “Winners” are those firms with the highest 

ranking-period returns and “losers” are those stocks with the lowest ranking-period returns. Our 

classification procedures, categorizing portfolios into three groups, are similar to Hong et al. 

(2000), which include firms listed on NYSE, AMEX and NASDAQ. Similarly, we construct the 

long-term reversal tertile based on their past 30 month returns (t-36 through t-7). Not to overlap 

with momentum ranking period, we skip past six month returns from formation date when 

constructing reversal portfolios. We also skip a month between the ranking period and the 

holding periods to avoid potential microstructure-induced biases. The reversal portfolios' returns 

are calculated by buying the low past returns tertile (loser) and selling the high past return tertile 

(winner). The momentum portfolio's returns are calculated by buying the high past return tertile 

(winner) and selling the low past return tertile (loser). We calculate both portfolios' returns over a 

six-month holding period (t+1 to t+6) and construct overlapping portfolios to increase the power 

of the test. The six-month holding period is commonly used for studies in momentum, not 

reversal. Typically, literature on reversal shows that over three- to five year holding periods, 

stocks that performed poorly over the previous three to five years achieve higher returns than 

stocks that performed well over the same period. However, our research design, employing six 

month holding periods for the reversal profits, is also appropriate because it is consistent with 

DeBondt and Thaler (1985)’s findings that document that strategies with holding periods, up to 

five years, earned significantly positive returns in most case. With respect to the ranking periods, 



12 

 

however, Novy-Marx (2012) argues that momentum is primarily driven by firms’ performance 

12 to seven months prior to portfolio formation rather than that of one to six months over the 

sample period from 1927-2010. Since this period, from 12 to seven months, overlaps with our 

ranking periods for the construction of reversal portfolio, empirical results may be contaminated 

due to the inaccurate choice of the ranking period.  

To minimize this possibility, this paper constructs marginal momentum portfolio over our 

sample period from 1993-2010. Figure 2 shows the equally-weighted average returns of 

momentum and reversal strategies. We form portfolios based on the single month ranking (from 

one month to 36 months prior to portfolio formation date, respectively) and hold them over the 

six-month periods. This figure depicts the relationship between performance and portfolio 

formation with increases in gap prior to portfolio formation. Only for Figure 2 in this paper, we 

do not skip one-month between the formation period and holding period. Consistent with short-

term return reversal related to microstructure bias (Jegadeesh (1990), Lehmann (1990) and Lo 

and MacKinlay (1990)), we find that the momentum performance based on past one month 

return is negative, which means reversal. We also find that different from Novy-Marx (2012), 

momentum profits have been sustained till 7 months and then fell off in the later months during 

our sample period from 1993-2010. The momentum strategies based on past returns over 12 to 8 

months prior to portfolio formation in the sample period are even negative. We, therefore, 

choose the past returns over 12 to 7 months prior to portfolio formation as a reversal ranking 

period over 1993-2010. 

4. Descriptive Statistics 

In order to investigate whether the reduction of momentum and reversal effects is associated with 

the regime shifts in financial markets since decimalization in January 2001, we examine how 

liquidity including explicit arbitrage costs (transaction costs and holding costs) and activities of 

institutional investors has changed over time. Note that the first principal component, ranked 

liquidity, and idiosyncratic risk measure illiquidity in this study.  

To begin, we roughly break our sample into two sub-periods—the pre-decimalization 

period (1993-2000) and post-decimalization period (2001-2010). For the construction of multi-
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dimensional transaction costs such as the first principal component and ranked liquidity, we use 

quote spread, effective spread, quoted depth, and price impact as the components of transaction 

costs. In the latter half of our sample periods, each component is highly associated with several 

events that have led to decrease transaction costs such as the reduction of the minimum tick size 

(decimalization) and the introductions of new SEC Rule 605, SuperSOES and SuperMontage. 

Previous studies show that these several reforms in financial market have led to decreases in 

transaction costs (Goldstein and Kavajecz (2000), Chung and Chuwonganant (2009)). Consistent 

with previous studies, our first principal component (Figure 3.A) and the ranked liquidity 

measures (Figure 3.B) show that transaction cost measures have decreased over time. 

Interestingly, in the later period, each measure of transaction costs has been displayed a spike 

between 2008 and 2009. The spike appears to be related with the financial market turmoil that 

has led to the most severe financial crisis. This is consistent with prior studies that have 

identified a positive relation between liquidity and market conditions (Liu (2006), Pastor and 

Stambaugh (2003), and Chordia, Roll, and Subrahmanyam (2000, 2001)). The figure depicts that 

transaction costs have decreased in the later period even when we compare the most liquid point 

in the pre-decimalization period with the least liquid point in the post-decimalization period. 

However, holding costs (Figure 3.C), relative to transaction costs, have no big difference in the 

two sub-periods.  

Furthermore, Figure 3.D indicates that the activities of institutional investors including 

hedge fund traders have gradually increased. While 13F data do not provide separate dataset of 

hedge fund traders, they are likely to contribute to decreases in momentum and reversal effects 

with long and short strategies. Consequently, to the extent of the increases in liquidity due to the 

reductions in explicit arbitrage costs and the increases in hedge fund activities during the post-

decimalization period, the persistence of momentum and reversal effects may weaken or even 

disappear. 

4.1. Preliminary results: arbitrage costs 

Before conducting main empirical tests, we explore the relationship among the components of 

arbitrage costs. Since transaction costs have several different aspects, it is important to examine 
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which dimensions of transaction costs mainly contribute to constructing our multi-dimensional 

transaction cost. 

Table 1 presents correlations among the proxies of arbitrage costs. The proxies can be 

divided into two components: holding costs and transaction costs. A holding cost is measured by 

idiosyncratic risk (Idio Risk), the monthly return variance that is orthogonal to the value-

weighted market index. Multi-dimensional transaction costs are estimated by combining four 

transaction cost variables that have been widely used in the literature of market microstructure—

effective spread (ES), depth (QD) and price impact (PI)–-so the combined measures, the first 

principal component measure (PRIN1) and ranked liquidity (Rk_liq) include both a price 

dimension and a quantity dimension. 

Panel A (Panel B) of Table1 presents the pooled Pearson (Spearman) correlations among 

these arbitrage costs. The results for two correlations are similar, but we focus on Spearman 

correlation for the interpretation of the results because the ranking of these variables is important 

in constructing the portfolios. First, the effective spread and quoted spread have a highly 

significant correlation (correlation coefficient=0.99). Second, a correlation between the measures 

of the price dimension (spread and price impact) and the quantity dimensions (depth) is negative, 

which is consistent with the previous studies in market microstructure (e.g., Lee, Mucklow, and 

Ready (1993); Chordia, Roll, and Subramanyam(2001)). Third, the first principal component is 

positively correlated with the proxies from a price dimension, but negatively correlated with the 

proxies from a quantity dimension. The component seems to measure variation in liquidity or 

transaction costs: specifically, the first principal component is highly correlated with effective or 

quoted spread (correlation coefficient: 0.797, 0.808) while it has a relatively low correlation with 

quoted depth (correlation coefficient: -0.431). We therefore can view the first principal 

component as a proxy of transaction costs that largely captures components in the price 

dimension. In untabulated results, on average, for each month, the first principal component 

explains more than 62 percent of the corresponding cross-sample variance while the second 

principal component demonstrates on average about 20 percent of the cross-sample common 
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variations
2
. This result indicates that the first principal component explains a large part of the 

cross-sectional variations of all variables. Fourth, a holding cost, measured by idiosyncratic risk, 

shows a positive correlation with our multi-dimensional measures but the degree of correlations 

is low (correlation coefficient with the first component analysis: 0.301 and correlation coefficient 

with ranked liquidity: 0.283). As Pontiff (2006) suggested, this result supports that arbitrage 

costs should be divided into two components, holding costs and transaction costs since each of 

them captures different aspects. Fifth, the ranked liquidity and the first principal component are 

highly correlated with each other (correlation coefficient: 0.895). Lastly, institutional ownership 

has a low correlation with idiosyncratic risk (correlation coefficient: -0.179) and a relatively 

higher correlation with multi-dimensional measures than idiosyncratic risk (correlation 

coefficient with the first component analysis: -0.639, correlation coefficient with ranked liquidity: 

-0.594). This evidence implies that institutional investors place greater weight on transaction 

costs than holding costs in determining their stock holdings. 

4.2 Preliminary results: reversal/momentum tertile characteristics 

Panels B and C of Table 2 display average arbitrage costs and the fraction of institutional 

ownership across the reversal and momentum tertiles. In order to place less emphasis on the tails 

of distribution, we construct tertile portfolio for entire tests, similar to studies in Hong and Stein 

(1999). At formation date, we first divide the sample into three groups equally based on their 

past performance and then calculate monthly mean values of the tertile characteristics. The 

reversal tertiles (REV) are formed each month by sorting stocks on the past returns from t-36 

through t-7 while momentum tertiles (MOM) are formed on the past returns from t-6 through t-1. 

Panel B of Table 2 presents that both the winner and loser in reversal tertiles have high 

idiosyncratic risk relative to middle tertile. Similar to McLean (2010), the idiosyncratic risk is 

2.744% for the winner tertile, 2.367% for the loser tertile, and 1.404% for the remaining tertile, 

suggesting that long-term reversal stocks requires highly volatile stocks over the entire sample 

period, 1993-2010. This result is consistent in the two sub-periods.  In addition, Panel C shows 

that overall arbitrage costs are higher for the reversal losers than reversal winners. Particularly, 

                                       
2
 Empirical evidence does not support our hypothesis and results are also insignificant when using the second principal 

component.  
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our multi-dimensional measure, Rk_liq, show that transaction costs for the reversal losers are 

high, relative to the reversal winners and the middle tertile. Transaction cost measures, including 

firm size, are inversely related to long-term past returns. These findings are consistent with 

previous findings that indicate that the reversal loser effect is prominent in small and low-priced 

stocks (e.g. Brownlees and Gallo (2006); Ball, Kothari and Shanken (1995); McLean (2006)). 

Furthermore, transaction costs for reversal portfolio dramatically decreased in the post-

decimalization period. Our empirical evidence also provides that total institutional ownership is 

relatively higher to the winner than loser portfolios. Compared to the pre-decimalization period, 

institutional ownership increased in the post-decimalization period. 

Similar to the reversal effect, Panel C of Table 2 presents that both the momentum winner 

and loser tertiles have higher idiosyncratic risk than the middle past return tertile. Transaction 

costs in the loser portfolios are higher than medium or winner portfolios. Relatively, institutional 

ownership is lower to the loser and winner tertiles than the medium tertile. As mentioned earlier, 

we also confirm that transaction costs have declined and institutional investors have increased 

over time. 

 

5. Main results 

The goal of this paper is to empirically test the relation between arbitrage costs/institutional 

ownership and profits in momentum and reversal effects in a portfolio setting and a cross-

sectional regression framework. We first conduct a test for the entire sample period, from 1993 - 

2010. In order to explore the relationship between financial market reforms and momentum and 

reversal effects, we exactly repeat our baseline analysis in the two sub-periods, namely the pre-

decimalization period (1993-2000) and the post-decimalization period (2001-2010). 

5.1 Long-term reversal and momentum portfolio returns 

In this section, we explore whether long-term reversal and momentum are profitable in the 

different sample periods. We calculate equal and value weighted portfolio returns of momentum 

and reversal over the entire sample period and in the two sub-periods. Since Novy-Marx (2012) 
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argues that momentum is more profitable when the portfolio is formed by firm’s performance 12 

to seven months prior to portfolio formation than six to two months over the sample period, 

1927-2010, we construct two reversal and two momentum portfolios for robustness of our 

research design; for reversal portfolios, we form portfolios based on the past 36 to seven months 

cumulative returns (Rev36,7) and the past 36 to 12 months cumulative returns (Rev36,12) prior to 

formation date. For momentum portfolio, we use the past six to one month returns (MOM6,1) and 

the past 12 to seven month returns (Mom12,7).    

Panel A of Table 3 presents the results for the reversal portfolio based on past 

performance 36 to seven months prior to portfolio formation (REV36,7). The equally weighted 

portfolio yields 0.530% per month (t-statistic=2.58) and value weighted portfolio return shows 

0.335% (t-statistics: 1.39) per month over 1993-2010. The equal weighted portfolio returns in the 

pre-decimalization period are higher in their significance and magnitude than those in the post 

decimalization period. In the pre-decimalization period, the equal weighted portfolio returns is 

0.696% (t-statistic: 2.24) per month, but in the post decimalization period, it has decreased to 0.4% 

(t-statistic: 1.46). In fact, the actual portfolio returns in the post decimalization period become 

insignificant. 

 Panel B of Table 3 displays the results for the reversal portfolio on the basis of the past 

performance 36 to 12 months prior to portfolio formation (REV36,12). The equally weighted 

portfolio generates 0.475% per month (t-statistics: 2.28) and value weighted portfolio return is 

0.405% (t-statistics: 1.93).  The results in two sub-periods show a similar pattern with Panel A.  

Panel C of Table 3 exhibits the result for the momentum portfolio based on past firm’s 

performance 6 to one month prior to formation (MOM6,1). The equally weighted portfolio return 

for momentum is 0.514% and the value weighted return is 0.386% from 1993-2010. Similar to 

the reversal effect, profits of momentum portfolio has declined over time. For example, in the 

pre-decimalization period, the equal weighted momentum portfolio return is 1.088% and 

significant (t-statistics: 3.17), but in the later period, the return becomes 0.064% with 

insignificance. By breaking the samples into two sub-periods, we find that the momentum effect 

has rapidly dropped in the post-decimalization period.  
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As shown in Figure 2, Panel D of Table 3 shows that the momentum on the basis of past 

firm’s return 12 month to 7 month before formation (MOM12,7) are not profitable over the period 

from 1993-2010 and in two-sub periods. These contradicted results from Novy-Marx (2012) may 

be caused by the use of different sample periods and strategies, such as holding periods. Since 

the momentum profit (MOM12,7) is negative even though it is insignificant, our research design 

that considers past 12 to seven month returns  as reversal portfolio is robust. Consequently, we 

use momentum (MOM6, 1) and reversal (REV36,7) strategies for our further empirical tests. 

Table 3 shows that momentum and reversal effects have declined over time. This result 

seems to be due to reductions in the explicit transaction costs since 2001 (e.g., the reduction of 

the minimum tick size to one cent and other NASDAQ market reforms) and the increases in 

activities of institutional investors, particularly hedge fund traders (Figure 3). 

Furthermore, we examine the risk-adjusted momentum and reversal portfolio returns in 

Table 4. Panel A and B of Table 4 present the sensitivities of reversal portfolios to the Fama-

French three factors (FF3F) and CAPM, respectively. The results indicate that the market betas 

for winners and losers are virtually equal. The losers, however, are more sensitive to the size 

factor than are the winners (the loadings for the loser is 0.95 vs. 0.46 for the winners) over the 

sample period, 1993-2010. Additionally, the winners have a loading of 0.09 on the HML factor 

while the losers have a loading of 0.4. These results indicate that losers are riskier than the 

winners because they are more sensitive to all three Fama-French factors. The Fama-French 

alpha for this portfolio is 0.32% and significant at the 10% level (t-statistics: 1.83) over the 

period 1993-2010. When we conduct same analyses in the two sub-periods, reversal effects are 

0.94% (t-statistics: 3.82) in the pre-decimalization period but totally disappear in the later period.  

The CAPM alpha in Panel B of Table 4 for the losers minus winners is positive whereas 

both winners and losers have about the same beta for the entire sample period. Similar to the 

Fama-French alpha, the CAPM alpha in pre-decimalization period is 0.76% and significant (t-

statistics: 2.40) while it is 0.39 % and insignificant (t-statistics: 1.41) in the post-decimalization 

period.    

Panel C and D of Table 4 displays the risk-adjusted momentum portfolio returns. Panel C 

shows that the losers are more sensitive to the market factor than are the winners (the loadings 
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for the loser is 1.15 versus 0.92 for the winner) for the entire sample. In the pre-decimalization 

period, however, the winners are more sensitive to the market factor than are the losers whereas 

the losers have higher loading on the factor than the winners in the post-decimalization period. 

Consistent with Fama and French (1996), we find that the excess returns are slightly higher than 

average raw returns after taking the Fama-French three factors into consideration for the entire 

period and within two sub-periods. Panel D shows that the CAPM adjusted momentum returns 

provide a similar pattern with those of Fama-French three factors in Panel C of Table 4 and 

Table 3.  

5.2 Double-sorted portfolios 

In the section 5.2, we directly test for our Hypothesis 1 and 2 and explore how momentum and 

reversal effects cross-sectionally vary with arbitrage costs (Hypothesis 1) and activities in 

institutional investors (Hypothesis 2) in the entire sample and in the two sub-samples, 

respectively. In order to examine our primary hypothesis, we study average return of portfolio 

sorted on our computed measures of momentum and reversal effects, respectively, with our 

arbitrage cost measures. At the end of each month, the past returns and arbitrage costs are 

independently sorted into three groups. For example, to construct double-sorted portfolios of 

momentum and arbitrage costs, we independently sort stocks based on past returns January 2000-

June 2000 and arbitrage costs as of June 2000 to form portfolios at the end of June 2000. We 

then skip one month and hold these portfolios from August 2000 to January 2001. We adopt a 

similar procedure to construct double-sorted portfolios with other variables. For robustness, we 

employ a dependent sort; we form double-sorted portfolios at the end of each month by sorting 

the stocks into three groups on the basis of the past returns and then further sorting them into 

three groups within each return group on the basis arbitrage costs at the end of that month. Since 

both an independent and a dependent sort show similar results, we only report results based on 

the independent sort. We then compute equal weighted average monthly returns over a six month 

holding period for the reversal and momentum strategies. To investigate the role of institutional 

investors, we also construct double sorted portfolios between past returns and a level of 

institutional ownership. Each month, the two are independently sorted and the average returns 

are computed over six month holding periods. 
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5.2.1 Reversal-arbitrage cost/institutional investor portfolios 

Panel A of Table 5 presents the results of portfolios sorted on past returns and arbitrage costs/ 

institutional ownership. Regardless of the periods, Panel A shows that long-term reversals are 

most prominent in stocks with high arbitrage costs. Therefore, as arbitrage costs (e.g., the 

idiosyncratic volatility, ranked liquidity or first principal component) increase, the average 

returns of reversal portfolios significantly increase. This result supports the limited arbitrage 

hypothesis. Pontiff (1996, 2006) and Shleifer and Vishnny (1997) assert that arbitragers will 

trade on mispricing only when the marginal benefit exceeds the marginal cost. This can also be 

applicable in two sub-sample periods. In Figure 4, reversal portfolios significantly decreased in 

the post-decimalization period where liquidity has improved due to the reduction of arbitrage 

costs and increases in institutional ownership.   

In Panel A of Table 5, over the entire sample period, 1993-2010, the highest reversal 

mean returns come from the group with highest idiosyncratic risk (mean value: 0.816%, t-

statistics: 3.86) while the reversal effect is insignificant, and even negative in the low 

idiosyncratic tertile group (mean value: -0.093%, t-statistics: -0.61). 

Different from the prediction of McLean (2010), this study finds that the reversal effect 

disproportionally occurs in the stocks with high transaction costs, measured using ranked 

liquidity and the first principal component. The reversal effects are significant in the middle and 

high transaction cost groups. For instance, the reversal profit is 0.774 % for high ranked liquidity 

tertile (significance at 1% level), 0.547% (significance at 1% level) for medium ranked liquidity 

tertile and 0.293% for low ranked liquidity tertile (insignificance). For the first principal 

component, this pattern is continued.  In addition, the different reversal profits between high- 

and low ranked liquidity and the first principal component are 0.481% and 0.485%, respectively 

from 1993-2010 and significant. Actually, transaction costs have multi-dimensions, not only 

direct costs (e.g., bid-ask spread plus commissions, tax, search and short-sale costs) but also 

indirect costs (e.g., price impact, depth and other immediacy costs). Therefore, such transaction 

costs including various aspects may be greater than McLean (2010) expected. Our empirical 

evidence suggests that multi-dimensional transaction costs can be binding constraints for greater 

mispricing, which implies that transaction costs are a large part of arbitrage costs. Consistent 
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with studies of Shliefer and Vishny (1997) and Pointiff (2006), we find evidence that stocks with 

low arbitrage costs do not have reversal profits since arbitrageurs will exploit mispricing only 

when the marginal benefits of a strategy exceed its costs. 

Moreover, this study investigates how institutional investors act when they face long-

term reversals and find that institutional investors play an important role in improving price 

efficiency by exploiting the reversal profit such that the profits disappear as institutional 

investors' share of ownership increases. Panel A of Table 5 shows that the higher the level of 

institutional ownership, the less the reversal effect. While the reversal profits are relatively low 

(0.330%) and insignificant (t-statistics: 1.60) in stocks with a high level of institutional 

ownership, the profit is high (0.779%) and significant (t-statistics: 3.27) in stocks with a low 

level of institutional ownership. The difference in monthly reversal returns between the low and 

high institutional tertile is 0.448% (t-statistics: 1.92). This result supports that institutional 

investors play an important role in enhancing price efficiency as arbitrageurs. 

As shown in Figure 4, the result in the pre-decimalization period is consistent with that of 

the entire sample. High arbitrage costs such as idiosyncratic volatility, ranked liquidity and the 

first principal component are associated with large mispricing. The magnitude and significance 

of momentum and reversal effects are even greater in the pre-decimalization period. For example, 

the highest reversal mean return with idiosyncratic risk is 1.359% (t-statistics: 4.75). However, in 

the post decimalization period, the reversal portfolio return with idiosyncratic risk becomes 

0.553% (t-statistics: 2.02). Other transaction cost measures such as the first principal component 

and ranked liquidity show similar patterns with holding costs. Interestingly, the reversal portfolio 

yields insignificant returns in stocks only with low arbitrage costs in the pre-decimalization 

period. Yet, during the post-decimalization period, the portfolios show insignificant reversal 

returns regardless of proxies of arbitrage costs. The results of institutional ownership between 

pre- and post-decimalization period are similar to those of arbitrage costs. In the pre-

decimalization period, the reversal portfolio return with institutional ownership is 0.828% (t-

statistics: 2.27) whereas that in the post-decimalization period is 0.151% and insignificant.   

Based on these results, we can reach several conclusions. First, absolute value of 

arbitrage costs may be a threshold to arbitrageurs even though our measures do not show the 
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accurate number of arbitrage costs. Second, arbitrage costs do not limit arbitrage significantly in 

the post-decimalization period. Third, disappearance of reversal effects has been caused by 

decreases in arbitrage costs and increases in activities of institutional investors in the post-

decimalization period, consistent with the analysis of Figure 4 and Table 3.   

5.2.2 Momentum-arbitrage cost/institutional investor portfolios 

Panel B of Table 5 shows that the momentum effect strengthens with high arbitrage costs, 

especially with multi-dimensional aspects of transaction costs. This result suggests that 

transaction costs prevent arbitrageurs from exploiting the momentum profits. With respect to 

transaction costs, the momentum profits are significant and positive except for stocks with low 

arbitrage costs. The momentum profits in the ranked liquidity measure and the first principal 

component are 0.692% (t-statistics: 3.69) and 0.662% (t-statistics: 3.66), respectively for entire 

sample period, 1993-2010. This result is also consistent with Lesmond, Schill, and Zhou (2004) 

that argue that momentum profits become illusory after subtracting transaction costs from the 

profits. Even though momentum profits are significant within all tertile idiosyncratic groups, the 

difference between the high and low idiosyncratic risk is insignificant.  

As shown in Figure 5 and Panel B of Table 5, momentum profits in the pre-

decimalization period are significant regardless of the levels of transaction costs. We also find 

that profits of the momentum significantly increase as transaction costs increase. The difference 

in momentum profits between high- and low transaction costs are 0.786% (ranked liquidity) and 

0.720% (the first principal component), respectively and both are significant. In the post-

decimalization period, momentum profits are not significant in each of low, medium and high 

transaction cost groups, but the high minus low transaction cost portfolio yields positive 

momentum profit and is statistically significant.  

Furthermore, this study explores whether institutional investors contribute to enhancing 

the efficiency of price by exploiting the momentum profit. We find that as institutional 

ownership increases, the momentum anomaly has weakened. The portfolio with a high level of 

institutional ownership has relatively a low momentum profit (0.225%) with insignificance (t-

statistics: 0.79); however, that of the low level has high momentum effect (0.819%) with 
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significance (t-statistics: 3.23). The difference in the momentum profits between high and low 

levels of institutional ownership is positive and significant (monthly mean return: 0.594, t-

statistics: 3.12). We therefore conclude that institutional investors act as arbitrageurs, who 

exploit momentum profits. 

During the pre-decimalization period, we find that momentum profits are positive 

regardless of the level of institutional ownership, and the difference in the momentum profits 

between low - and high levels of institutional ownership is significant at 10%. In the post-

decimalization period, momentum profits in the recent period are not significant in all three cases, 

consistent with results in Table 3 and Table 4. The difference in momentum returns between 

low- minus high institutional ownership is 0.698% and significant (t-statistics: 2.64). 

In summary, we find that the momentum and reversal effects are associated with 

arbitrage costs, particularly transaction costs. This study concludes that transaction costs play an 

important role in explaining the momentum and reversal effects since transaction costs act as 

binding constraints for both smaller and greater mispricing, whereas holding costs limit arbitrage 

for only greater mispricing. High transaction costs make arbitrageurs hesitant to trade even when 

there is potential for arbitrage profits, because net returns after subtracting transaction costs may 

be illusory. Even though net returns are positive, arbitrageurs still may be hesitant to trade 

mispriced stocks of momentum or reversal effects because rational arbitrageurs always choose 

best strategies that incur highest profits first under their budget constraints. In addition, we 

confirm that institutional investors play an essential role in reducing momentum and reversal 

effects. In sum, empirical evidence in this study supports our two hypotheses that the lower the 

level of institutional ownership, the higher the transaction costs and, the higher the persistence of 

the mispricing. 

6. Robustness 

6.1 Time-series tests: Fama-French 3 factors 

To determine whether the covariance with possible risk factors can explain the momentum 

profits, we use the Fama-French three-factor model for the monthly returns of 

momentum/reversal-the returns of the arbitrage cost. 
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The dependent variables for the regressions are the excess returns for portfolios of the 

past loser tertile, the medium teirtile and the past winner tertile in each of the low-, medium-, and 

high- arbitrage cost categories. A time-series test is also performed for the differences in 

momentum/reversal returns between high and low transaction costs: 

     (RW-RL)t 
High

 - (RW-RL)t 
Low

 = ap + bp(RM- Rf)t + spSMBt +hpHMLt +ept 

Table 6 presents the estimated coefficients, and the three factor alphas show a similar 

pattern to that of previous findings (Table 5). Panel A.1 of Table 6 shows that the alphas in the 

reversal portfolios are positive and significant only in the highest arbitrage cost tertile (high 

idiosyncratic risk, high ranked liquidity, and high first principal component). 

Consistent with the findings of McLean (2010), alpha is negative and insignificant in 

stocks with lowest idiosyncratic risk tertile. However, the results in the transaction costs are 

different from those that McLean (2010) predicted because transaction costs in this paper are 

greater than his expectation. As shown in Table 5, we confirm that transaction costs are a binding 

constraint for the reversal effect (Panels A.2 and A.3 of Table 6). Additionally, we conclude that 

the reversal effect has declined over time and the association between reversal effects and 

arbitrage costs has also weakened in the post-decimalization period. 

Panel B of Table 6 shows the coefficients after adjusting the Fama - French three factors 

model in the momentum portfolios. Consistent with the findings in Panel B of Table 5, Panel B.1 

of Table 6 supports that the difference in the alphas between the high and the low idiosyncratic 

risk is insignificant, but the difference between high and low transaction costs is significant. 

Moreover, we also find that momentum profits have decreased over times in each portfolio group. 

This result supports our hypotheses. 

Panels B.2 and B.3 of Table 6 support that the differences in alphas between the high- 

and low transaction costs (estimated by ranked liquidity and the first principal component) are 

significant for the entire sample period. This implies that transaction costs are an important 

factor to explain momentum effects in addition to reversal effects. 
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Panel A.4 of Table 6 presents that the relationship between the persistence of reversal 

profits and total institutional ownership. Consistent with Panel A of Table 5, the reversal profits 

manifest as total institutional ownership declines. Reversal profits in the low level of institutional 

ownership are relatively higher than those in the high level of institutional ownership portfolio. 

Consequently, the difference in the reversal portfolios between the low- and high- level of 

institutional ownership is positive and significant. Panel B.4 of Table 6 also shows that 

momentum profits are related with total institutional ownership. In summary, after controlling 

for Fama-French three factor models, overall results are consistent with conclusions in Table 5. 

6.2 Three way sorted portfolio: past returns, arbitrage costs and institutional ownership 

In this section, we examine the interaction between arbitrage costs and institutional ownership in 

explaining momentum and reversal effects. We independently sort stocks into three portfolios 

based on the arbitrage costs, institutional investors, and past returns, forming 27 portfolios.  

Panel A of Table 7 shows that consistent with our hypotheses that reversal will be the 

most persistent in stocks with high arbitrage costs and a low level of institutional ownership, we 

find that the portfolio with high arbitrage costs and low institutional ownership has the highest 

reversal returns while that with low arbitrage costs and a high level of institutional ownership has 

the lowest reversal returns. For instance, among the 27 portfolios, the reversal portfolio, 

combined with high idiosyncratic risk (the first principal component) and low institutional 

ownership has 0.878% (0.808%) while the portfolio with low idiosyncratic risk (the first 

principal component) and high institutional ownership has -0.226% (0.208%).  Panel B of Table 

7 also presents momentum associated with arbitrage costs and a level of institutional ownership. 

We find that portfolio with high idiosyncratic risk (the first principal component) with a low 

level of institutional ownership has 0.928% (0.977%) while that with low idiosyncratic risk (the 

first principal component) with a high level of institutional ownership has 0.357% (0.310%). 

This result supports our hypotheses related to the limit of arbitrage and the activities of 

institutional ownership.  

Furthermore, we test the role of institutional investors in exploiting momentum and 

reversal mispricing. Prior studies suggest that arbitrage costs, especially transaction costs are one 
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of the factors that institutional investors care about when making their investment decisions. 

Badrinath, Kale and Ryan (1996) and Falkenstein (1996) establish that institutional investors 

tend to select stocks that have higher liquidity and lower return volatility. Chung and Zhang 

(2011) assert that institutional investors are likely to choose stocks with lower price impact 

because institutional investors typically trade in larger shares than individual traders. Based on 

the interactive relationship between arbitrage costs and institutional investors, we test our second 

hypotheses. Panel A of Table 7 shows that how institutional investors act after controlling for 

arbitrage costs. The difference in reversal across institutional ownership, holding idiosyncratic 

risk and transaction costs constant, is not significant. 

Panel B shows that institutional investors play an important role in exploiting momentum 

when stocks are in the medium or high arbitrage cost group. The difference in momentum across 

institutional ownership portfolios, holding idiosyncratic risk constant, is 0.585% (t-statistics: 

2.65) and 0.803% (t-statistics: 3.10) for medium and high idiosyncratic risk, respectively. In 

addition, the difference in momentum profits across institutional ownership is 0.330% (t-

statistics: 1.56) and 0.4% (t-statistics: 1.93) for medium and large transaction costs stocks, 

respectively. Within the portfolio in low arbitrage costs, the difference of momentum between 

the high- and low level of institutional ownership is relatively low and insignificant. This 

evidence indicates that all the investors, including individual investors can exploit mispricing 

when arbitrage costs are low. However, as arbitrage costs increases, the difference of momentum 

profits between the low- and high level of institutional ownership become larger. This result 

implies that institutional investors, who encounter fewer limits to arbitrage than do individual 

investors, work as arbitrager and exploit mispricing even when arbitrage costs are high. 

6.3 Fama-McBeth cross-sectional regression 

In this section, we investigate the relationship between arbitrage costs and reversal/momentum 

effects in a multivariate regression setting. We use Fama and French (1992) methodology to 

estimate predicted cross-sectional regressions of the six-month average returns of stock i on the 

same stock's six month cumulative returns for momentum, and thirty-six month cumulative 

returns for reversal. 
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We estimate the following model to examine the effect of arbitrage cost/ institutional 

investors between the past and future returns after controlling for other firm characteristic 

variables. 

Ri,t+1:t+6 = at + b1t MOMi,t + b2t REVi,t +b3t(HIGHARBi,t ·REV(MOM)i,t 

   +b4t (LOWINSTi,t ·REV(MOM))i,t+b5t log(size)i,t +b6t log(MB)i,t 

          +b7t ARBITRAGEi,t +b8t INSTi,t +ei,t 

 

, where Ri,t+1:t+6 is the mean average returns for stocks i during the month t+1 to t+6; MOMi,tis 

the past cumulative returns of stock i over past 6 month; REVi,t is the past cumulative 36 month 

returns; INSTi,t is total institutional ownership, the fraction of a firm's shares that are held by 

institutional investors ; ARBITRAGEi,t is arbitrage costs; arbitrage costs are idiosyncratic risk, 

the fist principal component, and rankings of transaction cost; HIGHARBi,t is the dummy 

variable when stocks are required to have high arbitrage costs within the tertile group; 

LOWINSTi,t is the dummy variable when firms have the low institutional ownership within the 

tertile group; log(MB)i,t is logarithm of Market to Book; log(SIZE)i,t is logarithm of market 

capitalization. 

The model specification includes interaction terms to permit the slope coefficient of past 

returns to vary with the measures of transaction costs, holding costs (idiosyncratic risk), and total 

institutional ownership. These interaction terms capture the extent to which the past returns vary 

cross-sectionally with each of those variables after controlling for firm-specific variables. All the 

control variables interacted with past returns are included independently in the regression to 

capture their main effect on future returns. Other control variables are added to control for the 

firm characteristics such as the firm's market capitalization and Market to Book ratio. The 

coefficients are estimated in monthly cross-setional regressions and then averaged over time 

(Fama and MacBeth (1973)). Inference is drawn based on the standard deviation of the series of 

estimates. The purpose of this paper is to test how arbitrage costs and institutional ownership 

have impacts on momentum and reversal. The interaction terms are useful to test for hypotheses 

in this paper. 
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Panel A of Table 8 includes the reversal interaction terms over the sample period, 1993-

2010. We notice the long-term reversal effects, for which the coefficient of b2t<0. Consistent 

with the limit of arbitrage, we confirm that the reversal effect is stronger as arbitrage costs rises 

(b3t<0). Specifically, in Model 3 and Model 6, the coefficient of interaction term between past 

returns and idiosyncratic risk has negative value and statistically significant. This result suggests 

that holding costs are a sufficient condition to limit arbitrage for reversal. Panel A of Table 8 also 

supports that transaction costs limit reversal effects. Models 2 and 4 (Model 5) show that the 

coefficients of interaction terms between ranked liquidity (the first principal component) and 

reversal effects are negative and significant. After controlling for other factors, we find that as 

institutional ownership is lower, the reversal effect becomes less persistent (b4t>0) and 

significant, different from our hypothesis. This implies that institutional investors do not use 

reversal trading. 

Panel B of Table 8 presents the results of the regression, including the momentum 

interaction terms. The coefficient of b1t is positive and significant, which implies the existence of 

momentum. The negative coefficient for b3t indicates that momentum becomes weaker for firms 

with high idiosyncratic risk; however, the momentum becomes stronger for firms with high 

transaction costs, indicating that interaction terms between transaction costs and momentum 

effects (b3) are positive (Model 1, 2 and 4). These findings suggest that transaction costs limit 

arbitrage of momentum effects. Moreover, we find that the momentum profit becomes more 

persistent for firms with lower institutional ownership. This is consistent with our conjecture that 

institutional investors play an important role in improving price efficiency of momentum as 

arbitrageurs (Model 4 and 5). 

Panel C of Table 8 displays the results of the regression that includes the momentum and 

reversal interaction terms at same time. Consistent with Panel A and B, idiosyncratic risk limits 

reversal effects (Model4) and the first principal component and ranked liquidity deter both 

momentum and reversal effects (Model2 and 3). After controlling for other firm characteristic 

variables, we find that institutional investors use momentum rather than reversal trading.   

6.4 Market States and Momentum/Reversal 
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Cooper, Gutierrez and Hameed (2004) report that the momentum profits are in fact confined to 

periods following up markets. They show that the mean monthly momentum profit following 

positive market returns is 0.93% while the mean profit following negative market return is -0.37% 

based on NYSE/AMEX stocks. To test our hypotheses, we break our sample into two sub-

periods, 1993-2000 and 2001-2010. One may argue that disappearance of momentum and 

reversal profits in the later period may be associated with economic depressions such as burst of 

dot-com bubble and global financial crisis at the end of 2008.   

To investigate the relationship between disappearance of momentum and market states, 

we first define non-negative returns (negative) of the value-weighted CRSP index over months t-

36 to t-1 as UP (DOWN) markets, following Copper et al. (2004). If the momentum or reversal 

profits following UP market disappear in the later period, 2001-2008, this implies that other 

factors, in addition to market state, contribute to decreasing these profits. After controlling for 

market states, we test our hypotheses whether arbitrage costs and institutional ownership have 

impacts on the momentum and reversal profits.  First, we find that there are 37 months for 

DOWN market and 84 monthss for UP market in 2001-2010 while only the UP markets exist in 

1993-2000.  In the untabulated report, we find that consistent with Cooper et al. (2004), 

momentum profits following DOWN market are negative.  

Panel A and B of Table 9 show that both momentum and reversal effects following 36 

months UP markets are positive and significant (Reversal: 0.401% and Momentum: 0.793%). As 

shown in all tables in this paper, we find that both reversal and momentum effects are positive 

and significant in the pre-decimalization period; however they become disappear in the post-

decimalization period.   

Panel C of Table 9 reports results of double-sorted portfolios between the past returns and 

arbitrage costs /institutional ownership.  First, we find that the difference in reversal returns 

between high- and low arbitrage costs including idiosyncratic risk, ranked liquidity and the first 

principal component are all positive and significant. The difference in reversal returns between 

the high- and low level of institutional ownership also shows a negative return at the 10% 

significance level, while that in the momentum displays a positive return at the 1% significance 

level.  
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In the pre-decimalization period (Panel C of Table 9), consistent with our hypotheses, we 

find that arbitrage costs and the activities of institutional investors play an important role in 

limiting arbitrage; as arbitrage costs increase, the momentum and reversal has been reduced. 

Likewise, as the level of institutional ownership increases, the mispricing also declines. In the 

post-decimalization period, however, we find that momentum and reversal effects have 

disappeared.  Since this test does not include recessions in 2008-2009, we find cleaner results 

that are consistent with our hypotheses.  

In conclusion, after controlling for market states, we still find that momentum and 

reversal effects have been reduced, which indirectly implying that arbitrage costs and the 

activities of institutional investors are important determinants to explain the momentum and 

reversal effects.      

7. Concluding remarks 

In this paper, we confirm that using our sample period from 1993-2010, momentum and 

long-term reversal effects have been persistent over more than ten years after their discovery. 

However, after dividing samples into two sub-sample periods, 1993-2000, and 2001-2010, we 

find that both effects have been reduced in the later period.  

To explain the persistence of momentum and reversal effects, we introduce two factors, 

arbitrage costs and the activities of institutional ownership. Our first hypothesis is that arbitrage 

costs prevent exploiting momentum and long-term reversal effects. Although momentum and 

reversal profits seem to be positive, actual returns, subtracting transaction costs from the profit 

may be negative. Even when the actual returns are positive, arbitrageurs may consider this 

strategy as a last resort because of the existence of holding costs. Mispricing will therefore 

persist in the stocks with high arbitrage costs. We test this hypothesis employing new measures 

of arbitrage costs that can be divided into transaction costs and holding costs and find that 

momentum and long-term reversal effects are disproportionally high in stocks with high 

arbitrage costs; transaction costs, as measured using multi-dimensional factors, deter arbitrageurs 

from exploiting the profits of both effects while holding costs inhibit only reversal effect. This 

result implies that transaction costs explain the persistence of anomalies better than do holding 

costs.  
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Another hypothesis for their persistence relates to the activities of institutional investors. 

We expect that as the fraction of a company's shares that are held by institutional investors 

increases, the momentum and reversal effects will decrease. Consistent with our hypothesis, 

empirical evidence indicates that institutional investors exploit potential profits of the 

momentum and reversal effects and improve price efficiency. We also find that as arbitrage costs 

increase, the activities of institutional investors become more important in the financial markets. 

In fact, institutional investors, compared to individual investors, have incentives to be 

arbitrageurs since they face fewer limitations to arbitrage with their better stock picking skills, 

lower research expense, and lower short-selling risk. 

Moreover, we test the persistence of momentum and long-run reversal effects within two 

sub-periods, namely the pre-decimalization and post-decimalization periods. First, we find that 

momentum and reversal effects have both declined over time. These phenomena seem to be 

associated with the recent market reforms since 2001, which have led to the significant 

reductions in explicit arbitrage costs and increases in institutional investors. We also provide 

evidence that the relation between arbitrage costs/institutional ownership and momentum and 

reversal effects have weakened during the post-decimalization period. This result indicates that 

the persistence of momentum and reversal effects can be indirectly explained by arbitrage costs 

and institutional investors. 

In summary, we show that arbitrage costs provide a sufficient condition for limiting 

arbitrage and that institutional investors use momentum trading to improve price efficiency. 

Arbitrage costs, particularly transaction costs, and institutional investors, therefore, are essential 

determinants in explaining momentum and reversal effects. 
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Figure 2. Marginal momentum strategy performance 

This figure shows the average monthly returns to the momentum strategies (winners minus losers 

strategies). This paper focuses on the single month ranking period (from one month to 36 months prior 

to portfolio formation) and the six-month holding period strategy. Note that there is no one-month skip 

only for this figure. Winners and losers are the top and bottom tertiles of performance in a single month, 

respectively. The bar represents equal-weighted monthly returns. The sample contains 

NYSE/AMEX/NASDAQ firms. The sample period is from 1993 to 2010. 

 

 

 
  

-0.30%

-0.25%

-0.20%

-0.15%

-0.10%

-0.05%

0.00%

0.05%

0.10%

0.15%

0.20%

0.25%

0 1 2 3 4 5 6 7 8 9 101112131415161718192021222324252627282930313233343536



37 

Figure 3. Average proxies of arbitrage costs  

This figure presents the cross-sectional average of each component of arbitrage costs (e.g., first principal component, ranked 

liquidity, idiosyncratic risk, and institutional ownership) over time.  

 

A. First Principal Component 

 
 

B. Ranked liquidity 

 
 

C. Idiosyncratic risk 

 
 

D. Institutional ownership 
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Table 1. Pooled Correlations among Measures of Arbitrage Costs/Institutional Ownership 

Idiosyncratic risk (Idio_Risk) is monthly return variance that is orthogonal to the value weighted market index; 

The first principal component analysis measure (PRIN1) is the liquidity measure using the principal component 

analysis based on the four liquidity measures such as quoted spread, effective spread, depth, and price impact; 

Ranked liquidity (Rk_liq) is the combined ranking of the four liquidity measures; Institutional ownership (IOR) is 

a firm’s shares that are held by institutional investors; Size (log(size)) is the natural logarithm of firm market 

value. Correlation coefficients are calculated across firms-month. The significance is indicated by *** for 1% 

level.    

 

A. Pearson correlations 

B. Variable Prin1 Rk_liq ES QS PI QD Idio_Risk IOR log(size) 

Prin1
1
 1 

        
Rk_liq 0.728*** 1 

       
ES 0.760*** 0.603*** 1 

      
QS 0.764*** 0.613*** 0.980*** 1 

     
PI 0.763*** 0.522*** 0.535*** 0.530*** 1 

    
QD -0.375*** -0.273*** -0.104*** -0.117*** -0.088*** 1 

   
Idio_Risk 0.177*** 0.199*** 0.183*** 0.164*** 0.181*** -0.046*** 1 

  
IOR -0.543*** -0.587*** -0.576*** -0.575*** -0.458*** 0.089*** -0.212*** 1 

 
log(size) -0.728*** -0.791*** -0.672*** -0.679*** -0.560*** 0.272*** -0.261*** 0.635*** 1 

 

 

B. Spearman correlations 

C. Variable Prin1 Rk_liq ES QS PI QD Idio_Risk IOR log(size) 

Prin1 1 
        

Rk_liq 0.895*** 1 
       

ES 0.797*** 0.722*** 1 
      

QS 0.808*** 0.739*** 0.991*** 1 
     

PI 0.690*** 0.614*** 0.742*** 0.742*** 1 
    

QD -0.431*** -0.487*** -0.085*** -0.107*** -0.040*** 1 
   

Idio_Risk 0.301*** 0.283*** 0.315*** 0.287*** 0.317*** 0.013*** 1 
  

IOR -0.639*** -0.594*** -0.734*** -0.731*** -0.556*** 0.112*** -0.179*** 1 
 

log(size) -0.874*** -0.817*** -0.842*** -0.853*** -0.672*** 0.268*** -0.378*** 0.680*** 1 

                                       
1
The first principal component analysis explains on average more than 62% of the corresponding cross-sample variances. The 

scores for each component are as follows: effective spread is 0.614, quoted spread is 0.619, price impact is 0.396 and quoted depth 

is -0.225. 
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Table 2. Summary statistics 

This table presents summary statistics for arbitrage costs. Panel A presents pooled statistics across firm-month for 

NYSE, AMEX, and NASDAQ stocks. Panel B and C are mean value across long-term reversal and momentum 

tertiles. The reversal tertiles (REV) are formed each month by sorting stocks on past return from t-36 through t-7 

while momentum tertiles (MOM) are formed on past return from t-6 through t-1; Idiosyncratic risk (Idio_Risk) is 

calculated by monthly return variance that is orthogonal to the value weighted market index; Proportion of 

effective spread (ES) is the trade-weighted mean effective percentage spread; Proportion of quoted spread (QS) is 

the time-weighted mean quoted percentage spread; Quoted depth (QD) is time-weighted quoted depth; Price 

impact (PI) is the mean price impact; Price (PRC) is monthly closing price; Size is the firm market value. 

Institutional ownership (IOR) is calculated by a firm’s shares that are held by institutional investors; CAP is the 

mean capitalization decile based on NYSE break-point. The sample is from January of 1993 through December 

2010. Two sub-period samples are from 1993-2000 and 2001-2010, respectively.   

Panel A. Pooled statistics for NYSE/AMEX/NASDAQ stocks 

Stat Idio Risk ES QD QS PI IOR Size PRC 

N 805192 805192 805192 805192 805192 805192 805192 805192 

P1 0.130 0.000 1.818 0.000 0.000 0.001 7.3 2.2 

MEAN 2.208 0.013 19.998 0.018 0.152 0.449 2805.9 22.6 

Median 1.185 0.006 9.695 0.009 0.088 0.439 270.3 16.3 

P99 16.952 0.077 217.911 0.104 0.925 1.000 48396.8 93.0 

 

Panel B. Reversal portfolio’s characteristics: mean values 

Period REV IdioRisk ES QS PI QD IOR PRC CAP 

1993-2010 

L 2.744 0.017 0.023 0.189 24.44 0.419 16.67 2.702 

M 1.404 0.011 0.015 0.134 20.34 0.468 38.59 4.024 

W 2.367 0.010 0.014 0.122 15.83 0.483 42.91 4.022 

1993-2000 

(Pre-decimalization) 

L 2.623 0.025 0.034 0.242 29.71 0.315 11.55 2.603 

M 1.381 0.016 0.021 0.168 28.22 0.384 24.44 4.175 

W 2.464 0.016 0.021 0.157 21.79 0.387 27.38 4.095 

2001-2010 

(Post-decimalization) 

L 2.841 0.010 0.014 0.147 20.23 0.502 20.76 2.782 

M 1.423 0.007 0.010 0.106 14.10 0.536 49.91 3.904 

W 2.289 0.006 0.008 0.093 11.07 0.561 55.33 3.965 

 

Panel C. Momentum portfolio’s characteristics: mean values 

Period MOM IdioRisk ES QS PI QD IOR PRC CAP 

1993-2010 

L 2.496 0.015 0.020 0.168 21.79 0.448 23.67 3.076 

M 1.434 0.011 0.015 0.134 20.22 0.469 40.86 4.019 

W 2.585 0.012 0.016 0.142 18.64 0.454 33.64 3.655 

1993-2000 

(Pre-decimalization) 

L 2.426 0.023 0.031 0.217 28.26 0.345 13.90 3.039 

M 1.393 0.016 0.022 0.170 27.82 0.381 24.54 4.080 

W 2.649 0.018 0.024 0.179 23.63 0.361 24.93 3.754 

2001-2010 

(Post-decimalization) 

L 2.551 0.009 0.012 0.129 16.62 0.531 31.48 3.106 

M 1.468 0.007 0.010 0.106 14.13 0.539 53.93 3.970 

W 2.534 0.007 0.010 0.112 14.65 0.529 40.61 3.575 
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Table 3. Single-Sorted Reversal and Momentum Portfolios 

This table presents the average monthly returns for long-term reversal and momentum portfolio of NYSE, AMEX, and 

NASDAQ stocks. The weight includes equal-weights and value weights. The reversal tertiles are formed each month based 

on past returns from t-36 to t-7 (Rev36,7) and from t-36 to t-13 (Rev36,13), respectively. The reversal portfolios’ returns are 

calculated by buying the low past return tertile (L) and selling the high past return tertile (W). The momentum tertiles are 

formed each month by sorting stocks on the past return from t-6 to t-1 (Mom6,1) and from t-12 to t-7(Mom12,7), respectively. 

The momentum portfolio returns are calculated by buying the past high return tertile (W) and selling the past low return 

tertile (L). The returns are the average monthly returns over the 6-months subsequent to portfolio formation with one month 

gap, and are reported in percent. The value in parenthesis represents t-statistics. The sample is from January 1993 through 

December 2010. Two sub-period samples are from 1993-2000 and 2001-2010, respectively. 

Panel A. Reversal portfolio: firm’s returns based on 36 months to 7 month prior to portfolio formation (REV36,7) 

Period 
Equal-weighted returns (%) Value-weighted returns (%) 

L M W REV L M W REV 

1993-2010 

 

1.085 0.838 0.555 0.530 0.923 0.610 0.587 0.335 

(2.46) (2.73) (1.43) (2.58) (2.46) (2.10) (1.73) (1.39) 

1993-2000 

(Pre-decimalization) 

1.094 0.771 0.398 0.696 1.443 1.064 1.000 0.443 

(1.91) (2.15) (0.80) (2.24) (3.41) (2.98) (2.06) (1.30) 

2001-2010 

(Post-decimalization) 

1.078 0.891 0.679 0.400 0.515 0.255 0.264 0.251 

(1.67) (1.89) (1.18) (1.46) (0.89) (0.59) (0.56) (0.74) 

 

Panel B. Reversal portfolio: firm’s returns based on 36 months to 12 month prior to portfolio formation (REV36,12) 

Period 
Equal-weighted returns (%) Value-weighted returns (%) 

L M W REV L M W REV 

1993-2010 

 

1.056 0.841 0.581 0.475 0.967 0.570 0.563 0.405 

(2.41) (2.70) (1.51) (2.28) (2.70) (1.96) (1.63) (1.93) 

1993-2000 

(Pre-decimalization) 

1.073 0.765 0.424 0.649 1.493 1.012 0.960 0.533 

(1.81) (2.10) (0.90) (1.89) (3.24) (2.83) (2.00) (1.61) 

2001-2010 

(Post-decimalization) 

1.043 0.901 0.705 0.338 0.555 0.224 0.251 0.304 

(1.65) (1.88) (1.21) (1.32) (1.06) (0.51) (0.52) (1.12) 

 

Panel C. Momentum portfolio: firm’s returns based on 6 to one month prior to portfolio formation (Mom6,1) 

Period 
Equal-weighted returns (%) Value-weighted returns (%)  

L M W MOM L M W MOM 

1993-2010 

 

0.579 0.815 1.093 0.514 0.326 0.539 0.711 0.386 

(1.25) (2.69) (2.86) (1.93) (0.76) (1.86) (2.14) (1.30) 

1993-2000 

(Pre-decimalization) 

0.219 0.754 1.308 1.088 0.660 0.930 1.241 0.582 

(0.44) (2.09) (2.25) (3.17) (1.37) (2.39) (2.49) (1.39) 

2001-2010 

(Post-decimalization) 

0.861 0.863 0.926 0.064 0.064 0.233 0.296 0.232 

(1.18) (1.87) (1.82) (0.17) (0.10) (0.56) (0.67) (0.56) 

 

Panel D. Momentum portfolio: firm’s returns based on 12 to 7 month prior to portfolio formation (Mom12,7) 

Period 
Equal-weighted returns (%) Value-weighted returns (%) 

L M W MOM L M W MOM 

1993-2010 

 

0.874 0.857 0.747 -0.127 0.593 0.475 0.577 -0.016 

(2.08) (2.80) (1.85) (-0.69) (1.60) (1.60) (1.64) (-0.07) 

1993-2000 

(Pre-decimalization) 

0.767 0.804 0.690 -0.077 1.022 0.862 1.055 0.033 

(1.56) (2.20) (1.25) (-0.31) (2.51) (2.23) (2.08) (0.09) 

2001-2010 

(Post-decimalization) 

0.958 0.899 0.792 -0.166 0.257 0.172 0.202 -0.055 

(1.48) (1.93) (1.37) (-0.62) (0.44) (0.40) (0.42) (-0.16) 
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Table 4. Risk Adjusted Momentum/Reversal portfolios: FF3F and CAPM 

 
This table presents monthly average excess returns on FF3F and CAPM model. The parameters for FF3F and CAPM 

are estimated from the following regressions, (Rp-trft)=ap
FF

+bp(Rmt-rft)+spSMBt+hpHMLt+ept and (Rp-trft)=ap+bp(Rmt-

rft)t+ept, respectively. The reversal tertiles are formed each month based on past returns from t-36 to t-7 (Rev36,7). The 

momentum tertiles are formed each month based on past returns from t-6 to t-1(Mom6,1). The t-statistics are reported 

in parentheses. 

Panel A. Reversal portfolio (REV36,7): firm’s excess returns on FF3F  

Portfolios 
1993-2010 1993-2000 2001-2010 

aFF b s h R2 aFF b s h R2 aFF b s h R2 

Loser 0.19 1.03 0.95 0.4 88.59 0.32 0.92 0.84 0.22 85.06 0.12 1.04 0.99 0.44 90.69 

 
(1.24) (30.23) (20.73) (8.35) 

 
(1.37) (13.31) (12.38) (2.42) 

 
(0.60) (23.98) (12.79) (6.77) 

 
M 0.15 0.84 0.49 0.44 93.5 -0.08 0.91 0.47 0.54 91.63 0.24 0.82 0.61 0.35 95.36 

 
(1.83) (47.22) (20.3) (17.7) 

 
(-0.71) (27.9) (14.71) (12.42) 

 
(2.23) (37.02) (15.32) (10.44) 

 
Winner -0.13 1.04 0.46 0.09 88.6 -0.62 1.11 0.42 0.3 87.24 0.13 1.03 0.72 -0.15 93.83 

 
(-0.98 (34.81) (11.43) (2.11) 

 
(-3.28) (20.09) (7.76) (4.06) 

 
(0.85) (33.01) (12.87) (-3.47) 

 
REV 0.32 0 0.49 0.31 31 0.94 -0.18 0.42 -0.07 44.72 -0.00 0.01 0.27 0.61 45.25 

 
(1.83) (-0.33) (9.31) (5.66) 

 
(3.82) (-2.64) (5.9) (-0.78) 

 
(-0.01) (0.17) (3.42) (9.04) 

 
 

Panel B. Reversal portfolio (REV36,7): firm’s excess returns on CAPM  

Portfolios 
1993-2010 1993-2000 2001-2010 

a b R2 a b R2 a b R2 

Loser 0.50 1.13 65.13 0.21 0.96 50.78 0.84 1.23 73.85 

 
(1.91) (19.9) 

 
(0.50) (9.74) 

 
(2.52) (18.26) 

 
M 0.40 0.85 76.59 0.12 0.7 70.14 0.71 0.94 81.62 

 
(2.65) (26.33) 

 
(0.58) (14.7 

 
(3.48) (22.89) 

 
Winner -0.02 1.11 81.35 -0.56 1.03 78.48 0.45 1.17 84.39 

 
(-0.11) (30.4) 

 
(-2.36 (18.32) 

 
(1.98) (25.25) 

 
REV 0.52 0.02 0.08 0.76 -0.06 1.01 0.39 0.07 1.15 

 
(2.51) (0.42) 

 
(2.40) (-0.96) 

 
(1.41) (1.17) 

 
 

Panel C. Momentum portfolio (Mom06,01): firm’s excess returns of FF3F 

Portfolios 
1993-2010 1993-2000 2001-2010 

aFF b s h R2 aFF b s h R2 aFF b s h R2 

Loser -0.30 1.15 0.67 0.35 78.62 -0.67 0.99 0.52 0.35 71.53 0.04 1.22 0.95 0.08 84.89 

 
(-1.34) (23.49) (10.22) (5.07) 

 
(-2.37) (11.8) (6.37) (3.13) 

 
(0.15) (19.65) (8.49) (0.82) 

 
M 0.14 0.84 0.45 0.43 92.53 -0.12 0.93 0.44 0.57 89.96 0.23 0.81 0.61 0.31 95.55 

 
(1.65) (44.31) (17.91) (16.1) 

 
(-1.02) (25.93) (12.55) (11.83) 

 
(2.25) (37.85) (16.02) (9.5) 

 
Winner 0.37 0.92 0.77 0.15 93.75 0.44 1.02 0.77 0.14 94.51 0.22 0.86 0.76 0.25 94.36 

 
(3.79) (42.19) (26.21) (4.81) 

 
(3.07) (23.99) (18.49) (2.41) 

 
(1.73) (32.5) (16.01) (6.14) 

 
MOM 0.67 -0.22 0.09 -0.19 9.1 1.12 0.03 0.25 -0.2 29.24 0.18 -0.35 -0.18 0.17 23.82 

 
(2.56) (-3.98) (1.21) (-2.46) 

 
(3.65) (0.37) (2.81) (-1.76) 

 
(0.49) (-4.85) (-1.39) (1.5) 

 
 

Panel D. Momentum portfolio (Mom06,01): firm’s excess returns of CAPM 

Portfolios 
1993-2010 1993-2000 2001-2010 

a b R2 a b R2 a b R2 

Loser -0.05 1.21 67.68 -0.61 0.9 58.16 0.59 1.4 75.41 

 
(-0.18) (21.07) 

 
(-1.84) (11.31) 

 
(1.61) (19.02) 

 
M 0.38 0.84 77.01 0.10 0.71 69.74 0.68 0.93 82.26 

 
(2.59) (26.65) 

 
(0.47) (14.56) 

 
(3.49) (23.39) 

 
Winner 0.56 1.03 72.81 0.30 1.09 64.13 0.73 1.01 80.05 

 
(2.78) (23.82) 

 
(0.82) (12.83) 

 
(3.19) (21.76) 

 
MOM 0.61 -0.17 4.43 0.91 0.19 5.75 0.14 -0.39 21.06 

 
(2.30) (-3.12) 

 
(2.65) (2.37) 

 
(0.41) (-5.6) 
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Table 5. Double - Sorted Past Return Portfolios with Arbitrage Costs 

This table presents the equal-weighted average monthly returns of long-term reversal and momentum. The portfolios of 

arbitrage costs and past returns are independently sorted. The reversal portfolios’ returns (REV) are calculated by buying the 

low past return tertile (L) and selling the high past return tertile (W) from t-36 throught-7. The momentum tertiles (MOM) are 

formed each month by sorting stocks on the past return from t-6 to t-1 and calculated by buying the past high return tertile (W) 

and selling the past low return tertile (L). The returns are the average monthly returns over the 6-months subsequent to 

portfolio formation. Both the raw returns for the portfolios are shown in percent. Panel A and B include the double-sorted 

average monthly returns of the past returns and arbitrage cost, which are independently sorted. The proxies of arbitrage costs 

are idiosyncratic risk, the first principal component of liquidity, and ranked liquidity. The total institutional investor is the 

ratio between institutional ownership and the total number of outstanding shares. The t-statistics are reported in parentheses. 

Raw returns are presented in percent. The sample is from 1993-through 2010 and two sub-period samples are from 1993-

2000 and 2001-2010, respectively.   

Panel A. Reversal-arbitrage cost portfolio: 6 month equal weighted returns 

REV 

1993-2010 1993-2000 (Pre-decimalization) 2001-2010 (Post-decimalization) 

Idiosyncratic risk 

L M H H-L L M H H-L L M H H-L 

L 

 

0.683 0.936 1.172 0.489 0.676 0.925 1.127 0.451 0.689 0.944 1.207 0.518 

(2.45) (2.43) (2.02) (1.19) (2.16) (2.12) (1.36) (0.62) (1.59) (1.58) (1.50) (1.12) 

M 

 

0.779 0.899 0.793 0.013 0.751 0.803 0.682 -0.069 0.801 0.973 0.877 0.077 

(3.20) (2.58) (1.50) (0.03) (2.51) (2.00) (0.90) (-0.10) (2.19) (1.82) (1.20) (0.16) 

W 

 

0.775 0.811 0.356 -0.419 0.945 0.665 0.037 -0.908 0.642 0.925 0.607 -0.035 

(2.91) (2.23) (0.64) (-0.97) (2.53) (1.45) (0.05) (-1.27) (1.71) (1.71) (0.78) (-0.07) 

L-W 

 

-0.093 0.125 0.816 0.908 -0.269 0.260 1.090 1.359 0.047 0.018 0.600 0.553 

(-0.61) (0.80) (3.86) (4.55) (-1.24) (1.23) (3.78) (4.75) (0.22) (0.08) (1.99) (2.02) 

REV 
Ranked liquidity 

L M H H-L L M H H-L L M H H-L 

L 

 

0.941 1.122 1.160 0.219 1.076 1.150 1.028 -0.047 0.909 1.085 1.259 0.350 

(2.23) (2.22) (2.68) (0.74) (2.36) (1.86) (1.59) (-0.09) (1.34) (1.43) (2.16) (1.01) 

M 

 

0.761 0.957 0.818 0.057 0.856 0.896 0.563 -0.294 0.692 0.997 1.018 0.327 

(2.42) (2.63) (2.79) (0.28) (2.23) (2.12) (1.44) (-0.80) (1.45) (1.79) (2.42) (1.43) 

W 

 

0.648 0.575 0.386 -0.263 0.745 0.357 -0.057 -0.802 0.575 0.741 0.738 0.163 

(1.72) (1.29) (1.02) (-1.25) (1.49) (0.61) (-0.12) (-2.29) (1.05) (1.13) (1.33) (0.66) 

L-W 

 

0.293 0.547 0.774 0.481 0.331 0.793 1.085 0.755 0.334 0.345 0.521 0.187 

(1.47) (2.45) (3.63) (2.32) (1.38) (2.95) (3.10) (2.36) (1.06) (1.02) (1.99) (0.69) 

REV 
First principal component 

L M H H-L L M H H-L L M H H-L 

L 

 

0.943 1.142 1.138 0.195 1.140 1.175 0.988 -0.152 0.787 1.096 1.210 0.423 

(2.18) (2.31) (2.56) (0.68) (2.58) (1.94) (1.53) (-0.31) (1.30) (1.46) (1.93) (1.34) 

M 

 

0.766 0.959 0.807 0.041 0.882 0.873 0.540 -0.342 0.702 1.021 0.998 0.295 

(2.47) (2.66) (2.69) (0.19) (2.41) (2.11) (1.31) (-0.93) (1.55) (1.80) (2.28) (1.31) 

W 

 

0.660 0.565 0.371 -0.290 0.806 0.290 -0.122 -0.929 0.595 0.741 0.749 0.154 

(1.80) (1.26) (0.97) (-1.30) (1.65) (0.50) (-0.25) (-2.66) (1.12) (1.10) (1.31) (0.56) 

L-W 

 

0.283 0.577 0.767 0.485 0.334 0.885 1.111 0.777 0.192 0.355 0.460 0.268 

(1.39) (2.62) (3.54) (2.36) (1.45) (3.41) (3.29) (2.53) (0.68) (1.08) (1.68) (1.10) 

REV 
Total institutional ownership 

L M H L-H L M H L-H L M H L-H 

L 

 

1.082 1.141 1.067 0.015 1.008 1.132 1.133 -0.125 1.140 1.147 1.015 0.125 

(2.39) (2.50) (2.28) (0.05) (1.42) (2.03) (2.36) (-0.25) (1.93) (1.66) (1.36) (0.34) 

M 

 

0.819 0.844 0.841 -0.021 0.607 0.749 0.951 -0.345 0.986 0.918 0.752 0.233 

(2.93) (2.71) (2.32) (-0.10) (1.59) (2.14) (2.33) (-1.11) (2.47) (1.89) (1.34) (0.84) 

W 

 

0.303 0.571 0.736 -0.433 -0.154 0.406 0.799 -0.953 0.662 0.699 0.688 -0.026 

(0.77) (1.45) (1.80) (-1.96) (-0.30 (0.81) (1.50) (-2.81) (1.15) (1.20) (1.15) (-0.09) 

L-W 

 

0.779 0.570 0.330 0.448 1.162 0.725 0.334 0.828 0.478 0.448 0.328 0.151 

(3.27) (2.53) (1.60) (1.92) (2.94) (2.30) (1.40) (2.27) (1.65) (1.42) (1.03) (0.50) 
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Table 5 (continued). 

Panel B. Momentum-arbitrage cost portfolio: 6 month equal weighted returns (Independently Sort) 

 

MOM 

1993-2010 1993-2000 (Pre-decimalization) 2001-2010 (Post-decimalization) 

Idiosyncratic risk 

L M H H-L L M H H-L L M H H-L 

L 0.565 0.653 0.526 -0.040 0.594 0.282 -0.072 -0.666 0.545 0.943 0.995 0.450 

 
(1.77) (1.55) (0.84) (-0.09) (1.77) (0.63) (-0.09) (-0.93) (1.08) (1.42) (1.07) (0.78) 

M 0.766 0.873 0.817 0.052 0.751 0.781 0.726 -0.025 0.777 0.945 0.890 0.113 

 
(3.14) (2.60) (1.66) (0.14) (2.44) (1.96) (1.03) (-0.04) (2.14) (1.84) (1.30) (0.27) 

W 0.928 1.149 1.144 0.216 1.006 1.385 1.416 0.410 0.867 0.964 0.932 0.064 

 
(3.74) (3.32) (2.17) (0.54) (2.99) (3.01) (1.67) (0.54) (2.43) (1.92) (1.40) (0.16) 

W-L 0.363 0.496 0.619 0.256 0.412 1.103 1.488 1.076 0.323 0.021 -0.063 -0.386 

 
(2.00) (2.28) (2.14) (1.25) (2.57) (4.55) (4.28) (3.70) (1.08) (0.06) (-0.15) (-1.41) 

MOM 
Ranked liquidity 

L M H H-L L M H H-L L M H H-L 

L 

 

0.627 0.674 0.467 -0.159 0.541 0.238 -0.003 -0.544 0.736 1.004 0.824 0.088 

(1.35) (1.26) (1.07) (-0.58) (1.06) (0.43) (-0.00 (-1.12) (1.00) (1.18) (1.28) (0.28) 

M 

 

0.714 0.873 0.891 0.177 0.799 0.745 0.760 -0.039 0.653 0.967 0.995 0.341 

(2.28) (2.48) (3.05) (0.86) (2.01) (1.85) (1.90) (-0.10) (1.39) (1.78) (2.40) (1.61) 

W 

 

0.843 1.081 1.375 0.532 1.147 1.394 1.389 0.242 0.623 0.823 1.368 0.745 

(2.40) (2.43) (3.59) (2.32) (2.35) (2.00) (2.21) (0.57) (1.25) (1.41) (2.88) (3.16) 

W-L 

 

0.216 0.407 0.908 0.692 0.606 1.155 1.392 0.786 -0.112 -0.181 0.544 0.656 

(0.75) (1.34) (3.93) (3.69) (1.73) (2.95) (4.33) (2.90) (-0.26) (-0.41) (1.71) (2.51) 

MOM 
First principal component 

L M H H-L L M H H-L L M H H-L 

L 

 

0.625 0.672 0.470 -0.155 0.545 0.257 -0.021 -0.566 0.674 0.982 0.871 0.198 

(1.35) (1.27) (1.04) (-0.57) (1.10) (0.47) (-0.04) (-1.18) (0.99) (1.16) (1.26) (0.66) 

M 

 

0.719 0.861 0.905 0.186 0.802 0.710 0.793 -0.009 0.668 0.984 1.002 0.334 

(2.31) (2.46) (3.06) (0.89) (2.10) (1.79) (1.88) (-0.02) (1.47) (1.78) (2.36) (1.54) 

W 

 

0.867 1.055 1.373 0.506 1.236 1.310 1.390 0.154 0.609 0.877 1.335 0.727 

(2.49) (2.38) (3.51) (2.15) (2.52) (1.93) (2.15) (0.36) (1.26) (1.51) (2.69) (3.05) 

W-L 

 

0.242 0.383 0.903 0.662 0.691 1.053 1.411 0.720 -0.065 -0.106 0.464 0.529 

(0.85) (1.26) (3.85) (3.66) (1.89) (2.71) (4.35) (2.72) (-0.17) (-0.24) (1.36) (2.47) 

MOM 
Total institutional ownership 

L M H L-H L M H L-H L M H L-H 

L 

 

0.347 0.663 0.749 -0.401 -0.113 0.276 0.570 0.684 0.708 0.965 0.889 0.181 

(0.77) (1.39) (1.50) (-1.44) (-0.20) (0.54) (1.11) (1.55) (1.05) (1.29) (1.12) (0.51) 

M 

 

0.855 0.826 0.763 0.092 0.720 0.736 0.813 0.093 0.960 0.895 0.723 -0.237 

(3.12) (2.69) (2.15) (0.47) (1.91) (2.08) (1.95) (0.30) (2.46) (1.89) (1.33) (-0.93) 

W 

 

1.166 1.137 0.974 0.193 1.164 1.383 1.385 0.221 1.168 0.944 0.651 -0.517 

(2.90) (2.94) (2.48) (0.87) (1.72) (2.40) (2.51) (0.55) (2.41) (1.80) (1.19) (-2.20) 

W-L 

 

0.819 0.474 0.225 0.594 1.278 1.106 0.815 0.463 0.460 -0.021 -0.238 0.698 

(3.23) (1.72) (0.79) (3.12) (3.60) (3.06) (2.30) (1.70) (1.30) (-0.05) (-0.56) (2.64) 
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Table 6. Time-Series Models for Past Return Portfolios with Arbitrage Costs (FF3F) 

This table presents coefficient estimates from the Fama-French (1993) three-factor model for monthly excess returns of 

portfolios sorted on past returns-arbitrage costs and past-returns- institutional ownership. The reversal portfolios’ returns (REV) 

are calculated by buying the low past return tertile (L) and selling the high past return tertile (W) from t-36 through t-7. The 

momentum tertiles (MOM) are formed each month by sorting stocks on the past return from t-6 to t-1 and calculated by buying 

the past high return tertile (W) and selling the past low return tertile (L). The returns are the average monthly returns over the 

6-months subsequent to portfolio formation. The parameters reported in the table are estimated from the following regression: 

(Rp-trft)=ap+bp(Rmt-rft)+spSMBt+hpHMLt+ept. The intercept estimates are in percent. Idiosyncratic risk (Idio Risk) is monthly 

return variance that is orthogonal to the value weighted market index over the prior 36 months. Ranked liquidity measure 

(Rk_liq) is the composite ranked liquidity measure by using quoted spread, effective spread, depth, dollar depth, and price 

impact. The first principal component analysis measure (PRIN1) is the liquidity measure using the principal component 

analysis based on the four liquidity measures. Total institutional investor (IOR) is the ratio between institutional ownership and 

the total number of outstanding shares. The t-statistics are reported in parentheses. The entire sample is from 1993 through 

2010 and two sub-period samples are from 1993-2000 and 2001-2010, respectively.  

Panel A. Reversal-Arbitrage cost portfolio: FF3F 
 

A.1. Reversal -Arbitrage cost: Idiosyncratic risk 

  
1993-2010 1993-2000 (Pre-decimalization) 2001-2010 (Post-decimalization) 

REV Idio_Risk a b s h a b s h a b s h 

L 

L 

0.03 0.71 0.43 0.61 -0.10 0.80 0.41 0.69 0.02 0.66 0.54 0.57 

(0.28) (27.74) (12.44 (17.05) (-0.69) (18.30) (9.61) (11.83) (0.13) (18.78) (8.47) (10.58) 

W 
0.22 0.77 0.12 0.42 -0.06 1.00 0.15 0.71 0.21 0.69 0.33 0.27 

(2.06) (31.64) (3.53) (12.36) (-0.34) (20.64) (3.16) (10.92) (1.82) (28.99) (7.82) (7.49) 

L-W 
-0.19 -0.07 0.31 0.19 -0.05 -0.20 0.26 -0.02 -0.18 -0.03 0.20 0.30 

(-1.41) (-2.16) (7.57) (4.35) (-0.26) (-3.76) (5.03) (-0.22) (-0.93) (-0.66) (2.73) (4.72) 

L 

H 

0.17 1.22 1.23 0.13 0.38 0.98 1.04 -0.20 0.13 1.27 1.29 0.20 

(0.74) (23.58) (17.72 (1.84) (1.01) (8.75) (9.50) (-1.37) (0.44) (20.53) (11.67) (2.15) 

W 
-0.45 1.25 0.90 -0.28 -0.91 1.17 0.84 -0.23 -0.06 1.31 1.04 -0.48 

(-2.39) (29.63) (15.85 (-4.75) (-3.43 (15.02) (10.92 (-2.18) (-0.23) (24.35) (10.75 (-5.87) 

L-W 
0.63 -0.03 0.33 0.42 1.30 -0.20 0.20 0.02 0.19 -0.04 0.26 0.68 

(3.31) (-0.75) (5.88) (7.03) (4.59) (-2.37) (2.49) (0.21) (0.80) (-0.84) (2.89) (9.10) 

L-W H-L 
0.82 0.03 0.02 0.23 1.34 0.00 -0.06 0.04 0.37 -0.01 0.05 0.38 

(4.14) (0.78) (0.39) (3.72) (4.45) (0.03) (-0.68) (0.33) (1.42) (-0.25) (0.54) (4.62) 

 

A.2. Reversal- Arbitrage cost: Ranked Liquidity 

  
1993-2010 1993-2000 (Pre-decimalization) 2001-2010 (Post-decimalization) 

REV Rk_liq a B s h a b s h a b s h 

L 

L 

0.04 1.19 0.58 0.62 0.01 1.13 0.54 0.66 0.06 1.21 0.72 0.48 

(0.26) (37.20) (13.59 (13.82) (0.05) (20.81) (10.02) (9.06) (0.30) (27.92) (9.22) (7.34) 

W 
-0.01 1.11 0.20 0.12 -0.45 1.26 0.21 0.42 0.15 1.07 0.46 -0.14 

(-0.07) (40.10) (5.36) (3.13) (-2.51) (23.84) (4.03) (5.99) (1.27) (42.32) (10.27) (-3.60) 

L-W 
0.05 0.08 0.38 0.50 0.46 -0.13 0.33 0.24 -0.09 0.15 0.25 0.62 

(0.27) (2.23) (7.63) (9.45) (2.23) (-2.09) (5.48) (2.90) (-0.37 (2.84) (2.73) (7.88) 

L 

H 

0.41 0.84 0.94 0.22 0.42 0.77 0.87 0.04 0.44 0.83 0.90 0.34 

(1.83) (16.64) (13.96 (3.13) (1.13) (7.09) (8.07) (0.26) (1.52) (13.72) (8.29) (3.68) 

W 
-0.23 0.85 0.55 0.09 -0.78 0.83 0.46 0.17 0.16 0.87 0.79 -0.12 

(-1.13) (19.13) (9.30) (1.51) (-2.68 (9.58) (5.40) (1.46) (0.62) (16.11) (8.17) (-1.44) 

L-W 
0.64 -0.02 0.39 0.13 1.20 -0.05 0.41 -0.13 0.28 -0.04 0.11 0.46 

(3.22) (-0.35) (6.48) (2.03) (4.14) (-0.59) (4.89) (-1.13) (1.18) (-0.72) (1.26) (6.05) 

L-W H-L 
0.59 -0.10 0.00 -0.37 0.74 0.08 0.08 -0.37 0.37 -0.18 -0.14 -0.17 

(3.05) (-2.29) (0.01) (-6.12) (2.72) (0.95) (1.06) (-3.40) (1.43) (-3.36) (-1.45) (-2.00) 
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Table 6 (continued). 

A.3. Reversal-Arbitrage cost: first principal component 

REV Prin1 
1993-2010 1993-2000 (Pre-decimalization) 2001-2010 (Post-decimalization) 

a b s h a b s h a b s h 

L 

L 

0.07 1.08 0.56 0.58 0.13 1.08 0.52 0.59 -0.02 1.06 0.68 0.52 

(0.60) (40.35) (15.76) (15.40) (0.75) (20.74) (10.25) (8.49) (-0.13) (30.50) (10.79) (9.92) 

W 
0.04 1.08 0.21 0.11 -0.36 1.23 0.22 0.39 0.16 1.03 0.48 -0.12 

(0.36) (41.66) (6.20) (3.11) (-2.18 (25.56) (4.55) (6.08) (1.42) (42.71) (11.17) (-3.42) 

L-W 
0.03 0.00 0.35 0.46 0.49 -0.15 0.31 0.20 -0.18 0.03 0.19 0.65 

(0.20) (0.04) (7.56) (9.59) (2.50) (-2.64) (5.44) (2.59) (-0.85) (0.75) (2.35) (9.42) 

L 

H 

0.32 0.90 0.97 0.26 0.36 0.79 0.88 0.06 0.34 0.92 0.95 0.34 

(1.38) (17.62) (14.12 (3.62) (0.99) (7.33) (8.30) (0.45) (1.13) (14.40) (8.31) (3.54) 

W 
-0.25 0.85 0.57 0.08 -0.85 0.83 0.48 0.17 0.18 0.87 0.80 -0.15 

(-1.15) (17.84) (8.86) (1.13) (-2.80 (9.29) (5.44) (1.39) (0.62) (14.63) (7.49) (-1.67) 

L-W 
0.56 0.05 0.40 0.18 1.21 -0.04 0.40 -0.10 0.17 0.04 0.15 0.49 

(2.85) (1.09) (6.78) (2.98) (4.28) (-0.45) (4.93) (-0.91) (0.69) (0.88) (1.62) (6.40) 

L-W H-L 
0.53 0.05 0.05 -0.28 0.72 0.11 0.10 -0.30 0.35 0.01 -0.04 -0.16 

(2.95) (1.16) (0.94) (-4.95) (2.74) (1.47) (1.25) (-2.90) (1.42) (0.20) (-0.47) (-1.97) 

 

A.4. Reversal-Arbitrage cost: Institutional ownership 

REV IOR 
1993-2010 1993-2000 (Pre-decimalization) 2001-2010 (Post-decimalization) 

a b s h a b s h a b s h 

L 

L 

0.33 0.86 0.99 0.15 0.39 0.81 0.93 -0.06 0.32 0.84 0.91 0.3 

(1.42) (16.33) (14.09) (2.05) (1.01) (7.06) (8.25) (-0.42) (1.07) (13.50) (8.11) (3.44) 

W 
-0.31 0.88 0.57 0.02 -0.92 0.87 0.46 0.10 0.09 0.88 0.83 -0.19 

(-1.47) (18.75) (9.12) (0.28) (-3.18) (10.31) (5.57) (0.84) (0.30) (14.76) (7.78) (-2.09) 

L-W 
0.64 -0.02 0.42 0.13 1.31 -0.07 0.46 -0.16 0.23 -0.03 0.08 0.51 

(2.86) (-0.38) (6.27) (1.89) (4.00) (-0.71) (4.88) (-1.24) (0.89) (-0.61) (0.82) (6.19) 

L 

H 

0.02 1.23 0.81 0.69 0.12 1.10 0.67 0.63 -0.05 1.25 1.03 0.55 

(0.13) (36.77) (17.94) (14.70) (0.59) (19.37) (12.01) (8.25) (-0.24) (28.71) (13.15) (8.33) 

W 
0.00 1.15 0.39 0.12 -0.37 1.26 0.38 0.38 0.14 1.12 0.65 -0.13 

(0.02) (40.05) (10.03) (3.07) (-1.82) (21.06) (6.40) (4.70) (1.14) (43.42) (13.97) (-3.19) 

L-W 
0.02 0.08 0.42 0.57 0.48 -0.16 0.30 0.25 -0.19 0.13 0.38 0.68 

(0.11) (2.25) (8.75) (11.30) (2.37) (-2.58) (5.02) (3.15) (-0.83) (2.71) (4.42) (9.26) 

L-W L-H 
0.62 -0.10 0.00 -0.43 0.82 0.09 0.16 -0.41 0.42 -0.16 -0.30 -0.16 

(2.87) (-2.05) (0.00) (-6.40) (2.82) (1.01) (1.95) (-3.59) (1.49) (-2.76) (-2.84) (-1.81) 

 

Panel B. Momentum-Arbitrage cost portfolio: FF3F 

B.1. Momentum-Arbitrage cost: Idiosyncratic risk 

  
1993-2010 1993-2000 (Pre-decimalization) 2001-2010 (Post-decimalization) 

MOM Idio_Risk a b s h a b s h a b s h 

L 

L 

-0.14 0.86 0.28 0.66 -0.29 0.88 0.25 0.76 -0.08 0.85 0.43 0.52 

(-0.97) (27.05) (6.50) (14.72) (-1.80) (18.54) (5.38) (11.86) (-0.37) (18.71) (5.20) (7.58) 

W 
0.39 0.69 0.23 0.44 0.09 0.93 0.25 0.66 0.38 0.59 0.40 0.37 

(3.73) (29.63) (7.31) (13.40) (0.73) (24.83) (6.92) (13.13) (2.76) (20.70) (7.77) (8.47) 

W-L 
0.53 -0.17 -0.05 -0.22 0.39 0.04 0.00 -0.10 0.46 -0.26 -0.03 -0.16 

(3.02) (-4.39) (-0.94) (-4.03) (2.39) (0.91) (0.04) (-1.58) (1.62) (-4.47) (-0.26) (-1.77) 

L 

H 

-0.45 1.35 1.06 -0.01 -0.84 0.97 0.78 -0.26 0.04 1.48 1.32 -0.24 

(-1.46) (19.58) (11.44) (-0.07) (-1.95) (7.72) (6.31) (-1.53) (0.09) (17.15) (8.55) (-1.85) 

W 
0.30 1.15 1.08 -0.11 0.52 1.15 1.07 -0.20 0.12 1.12 1.03 -0.00 

(2.01) (34.75) (24.34) (-2.46) (1.99) (15.08) (14.25) (-1.95) (0.69) (30.96) (15.73) (-0.07) 

W-L 
0.75 -0.20 0.02 -0.11 1.35 0.18 0.29 0.06 0.08 -0.35 -0.30 0.24 

(2.59) (-3.12) (0.25) (-1.18) (4.02) (1.82) (2.97) (0.44) (0.21) (-4.29) (-2.01) (1.91) 

W-L H-L 
0.22 -0.03 0.07 0.11 0.97 0.14 0.29 0.16 -0.37 -0.09 -0.27 0.40 

(1.06) (-0.66) (1.13) (1.73) (3.38) (1.62) (3.46) (1.41) (-1.53) (-1.72) (-2.91) (5.09) 
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B.2. Momentum- Arbitrage cost: Rank liquidity 

  
1993-2010 1993-2000 (Pre-decimalization) 2001-2010 (Post-decimalization) 

MOM Rk_Liq a b s h a b s h a b s h 

L 

L 

-0.24 1.31 0.33 0.44 -0.69 1.27 0.29 0.71 0.08 1.36 0.65 0.03 

(-1.10) (27.05) (5.03) (6.52) (-2.51) (15.65) (3.61) (6.56) (0.31) (24.01) (6.33) (0.35) 

W 
0.17 0.98 0.42 0.22 0.12 1.13 0.41 0.30 0.05 0.90 0.53 0.22 

(1.53) (38.54) (12.25) (6.07) (0.76) (25.31) (9.45) (5.11) (0.34) (26.63) (8.69) (4.25) 

W-L 
0.41 -0.33 0.09 -0.23 0.81 -0.14 0.13 -0.41 -0.03 -0.46 -0.12 0.19 

(1.50) (-5.34) (1.12) (-2.62) (2.54) (-1.53) (1.37) (-3.26) (-0.08) (-5.67) (-0.80) (1.53) 

L 

H 

-0.27 0.91 0.74 0.23 -0.64 0.75 0.59 0.11 0.08 0.96 0.89 0.12 

(-1.07) (16.08) (9.69) (2.89) (-1.67 (6.71) (5.33) (0.73) (0.22) (13.40) (6.88) (1.07) 

W 
0.72 0.76 0.87 0.11 0.73 0.84 0.90 0.05 0.68 0.73 0.75 0.27 

(4.46) (21.24) (18.07 (2.15) (2.65) (10.36) (11.35 (0.45) (3.61) (18.25) (10.56) (4.42) 

W-L 
0.99 -0.15 0.13 -0.12 1.37 0.08 0.31 -0.06 0.61 -0.24 -0.13 0.15 

(4.37) (-2.91) (1.98) (-1.70) (4.70) (0.96) (3.72) (-0.53) (2.00) (-3.72) (-1.16) (1.55) 

W-L H-L 
0.58 0.18 0.04 0.10 0.56 0.23 0.19 0.35 0.64 0.22 -0.02 -0.04 

(3.15) (4.41) (0.78) (1.82) (2.05) (2.83) (2.37) (3.26) (2.53) (4.25) (-0.18) (-0.48) 

 

B.3. Momentum-Arbitrage cost: first principal component  

  
1993-2010 1993-2000 (Pre-decimalization) 2001-2010 (Post-decimalization) 

MOM Prin1 a b s h a b s h a b s h 

L 

L 

-0.21 1.24 0.29 0.41 -0.66 1.23 0.25 0.68 0.06 1.27 0.60 0.03 

(-1.09) (28.13) (4.88) (6.68) (-2.43) (15.55) (3.23) (6.40) (0.27) (26.12) (6.91) (0.43) 

W 
0.24 0.95 0.42 0.16 0.24 1.10 0.42 0.24 0.07 0.87 0.52 0.18 

(2.12) (38.46) (12.66) (4.61) (1.64) (25.57) (9.99) (4.23) (0.43) (26.53) (8.79) (3.52) 

W-L 
0.45 -0.28 0.13 -0.25 0.89 -0.13 0.17 -0.44 0.00 -0.40 -0.08 0.14 

(1.74) (-4.94) (1.72) (-3.11) (2.80) (-1.42) (1.84) (-3.46) (0.01) (-5.41) (-0.64) (1.28) 

L 

H 

-0.30 0.98 0.77 0.26 -0.67 0.77 0.60 0.11 0.09 1.05 0.92 0.12 

(-1.13) (16.35) (9.59) (3.06) (-1.74) (6.79) (5.44) (0.76) (0.23) (13.61) (6.65) (1.00) 

W 
0.68 0.78 0.91 0.12 0.73 0.84 0.95 0.06 0.63 0.75 0.79 0.27 

(4.05) (20.98) (18.23) (2.26) (2.57) (10.15) (11.61) (0.57) (3.10) (17.82) (10.40) (4.17) 

W-L 
0.98 -0.19 0.15 -0.14 1.39 0.08 0.34 -0.05 0.54 -0.30 -0.13 0.15 

(4.16) (-3.66) (2.07) (-1.87) (4.86) (0.90) (4.15) (-0.46) (1.70) (-4.46) (-1.11) (1.49) 

W-L H-L 
0.53 0.09 0.01 0.11 0.50 0.21 0.17 0.38 0.54 0.10 -0.05 0.01 

(3.17) (2.46) (0.26) (2.17) (1.91) (2.72) (2.30) (3.74) (2.44) (2.21) (-0.58) (0.10) 

 

B.4. Momentum-Institutional ownership 

  
1993-2010 1993-2000 (Pre-decimalization) 2001-2010 (Post-decimalization) 

MOM IOR a b s h a b s h a b s h 

L 

L 

-0.37 0.94 0.72 0.14 -0.76 0.78 0.56 0.02 -0.00 1.00 0.89 0.01 

(-1.37) (15.63) (8.88) (1.65) (-1.97) (6.81) (5.01) (0.15) (-0.01) (12.67) (6.27) (0.06) 

W 
0.50 0.80 0.90 0.06 0.47 0.89 0.92 -0.04 0.47 0.74 0.77 0.27 

(2.93) (21.03) (17.67) (1.11) (1.63) (10.53) (11.05) (-0.33) (2.43) (18.24) (10.49 (4.33) 

W-L 
0.87 -0.15 0.18 -0.08 1.23 0.11 0.35 -0.06 0.47 -0.26 -0.12 0.26 

(3.44) (-2.58) (2.38) (-1.02) (3.89) (1.20) (3.87) (-0.49) (1.41) (-3.62) (-0.95) (2.42) 

L 

H 

-0.25 1.33 0.59 0.53 -0.59 1.22 0.49 0.70 0.02 1.40 0.94 0.14 

(-1.14) (27.38) (8.95) (7.80) (-2.17) (15.25) (6.16) (6.51) (0.06) (24.12) (8.97) (1.60) 

W 
0.22 1.04 0.60 0.19 0.38 1.13 0.56 0.21 -0.04 0.96 0.73 0.21 

(1.95) (40.34) (17.32) (5.26) (2.11) (21.35) (10.70) (2.90) (-0.30) (31.49) (13.23) (4.62) 

W-L 
0.47 -0.30 0.01 -0.34 0.97 -0.09 0.07 -0.49 -0.06 -0.44 -0.21 0.07 

(1.75) (-4.93) (0.14) (-4.06) (3.13) (-0.97) (0.82) (-4.03) (-0.16) (-5.55) (-1.48) (0.61) 

W-L L-H 
0.40 0.15 0.17 0.26 0.26 0.20 0.28 0.43 0.53 0.18 0.09 0.19 

(2.20) (3.80) (3.13) (4.6) (0.98) (2.58) (3.68) (4.15) (2.11) (3.44) (0.93) (2.32) 
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Table 7. Three-Way Sorted Portfolios: Past Returns, Arbitrage Costs, and Institutional investor 

portfolios 

 

This table presents average monthly returns from portfolio strategies based on past returns, transaction 

costs, and total institutional investors for the period 1993-2010. Each month, stocks are sorted in three 

portfolios based on their past returns. The reversal portfolios’ returns (REV) are calculated by buying the 

low past return tertile (L) and selling the high past return tertile (W) from t-36 through t-7. The 

momentum tertiles (MOM) are formed each month by sorting stocks on the past return from t-6 to t-1 and 

calculated by buying the past high return tertile (W) and selling the past low return tertile (L). The returns 

are the average monthly returns over the 6-months subsequent to portfolio formation. Idiosyncratic risk 

(Idio Risk) is monthly return variance that is orthogonal to the value weighted market index over the prior 

36 months. Ranked liquidity (Rk_liq) measure is the composite ranked liquidity measure by using quoted 

spread, effective spread, depth, dollar depth, and price impact. The first principal component analysis 

measure (PRIN1) is the liquidity measure using the principal component analysis based on the four 

liquidity measures. Institutional ownership is the ratio between shares that are held by institutional 

investors and the total number of outstanding shares. Raw returns are presented in percent. The t-statistics 

are reported in parentheses. 

Panel A. Reversal-Arbitrage costs-Total institutional investors’ portfolios (1993-2010) 

REV 
Idio Risk Institutional Ownership PRIN1 Institutional Ownership Rk_liq Institutional Ownership 

 
L M H L-H 

 
L M H L-H 

 
L M H L-H 

L 

L 

0.727 0.797 0.654 
 

L 

0.663 0.946 0.964 
 

L 

0.752 1.010 0.978 
 

(2.99) (2.59) (1.68) 
 

(1.62) (2.49) (2.34) 
 

(1.51) (2.40) (2.19) 
 

M 
0.734 0.809 0.726 

 
0.594 0.815 0.757 

 
0.469 0.779 0.768 

 
(3.62) (3.22) (2.31) 

 
(2.31) (3.03) (2.24) 

 
(1.57) (2.76) (2.19) 

 

W 
0.669 0.808 0.880 

 
0.393 0.623 0.755 

 
0.152 0.580 0.727 

 
(2.88) (2.96) (2.85) 

 
(1.08) (1.81) (1.95) 

 
(0.35) (1.60) (1.87) 

 

L-W 
0.058 -0.010 -0.226 0.284 0.271 0.323 0.208 0.062 0.600 0.430 0.251 0.349 

(0.33) (-0.05) (-1.18) (1.23) (0.77) (1.43) (1.14) (0.19) (1.59) (1.75) (1.26) (1.03) 

L 

M 

1.098 0.898 0.930 
 

M 

1.071 1.213 1.086 
 

M 

1.026 1.132 1.151 
 

(3.19) (2.19) (2.09) 
 

(2.09) (2.46) (2.12) 
 

(1.93) (2.25) (2.23) 
 

M 
1.017 0.861 0.877 

 
0.904 0.928 0.989 

 
0.909 0.921 0.996 

 
(3.41) (2.40) (2.23) 

 
(2.80) (2.54) (2.35) 

 
(2.73) (2.57) (2.42) 

 

W 
0.772 0.846 0.822 

 
0.270 0.582 0.727 

 
0.270 0.575 0.795 

 
(2.54) (2.34) (2.03) 

 
(0.59) (1.28) (1.52) 

 
(0.57) (1.29) (1.72) 

 

L-W 
0.326 0.052 0.107 0.218 0.801 0.631 0.359 0.443 0.756 0.558 0.355 0.401 

(1.79) (0.30) (0.54) (0.88) (2.65) (2.79) (1.66) (1.60) (2.47) (2.40) (1.49) (1.31) 

L 

H 

1.041 1.327 1.375 
 

H 

1.109 1.165 1.083 
 

H 

1.140 1.267 1.204 
 

(1.77) (2.25) (2.32) 
 

(2.44) (2.43) (1.85) 
 

(2.59) (2.82) (2.40) 
 

M 
0.632 0.795 1.143 

 
0.806 0.756 0.913 

 
0.816 0.820 0.879 

 
(1.23) (1.45) (1.99) 

 
(2.78) (2.05) (1.99) 

 
(2.95) (2.34) (2.15) 

 

W 
0.163 0.402 0.653 

 
0.301 0.547 0.760 

 
0.305 0.597 0.536 

 
(0.30) (0.70) (1.10) 

 
(0.79) (1.29) (1.58) 

 
(0.84) (1.45) (1.17) 

 

L-W 
0.878 0.925 0.722 0.156 0.808 0.618 0.323 0.486 0.835 0.670 0.668 0.167 

(4.04) (3.72) (2.59) (0.54) (3.50) (2.61) (0.98) (1.52) (3.61) (2.92) (2.33) (0.57) 

L-W H-L 
0.819 0.935 0.947 

 H-L 
0.538 0.295 0.114 

 H-L 
0.235 0.240 0.417 

 
(3.43) (3.59) (3.59) 

 
(1.69) (1.32) (0.41) 

 
(0.69) (1.05) (1.53) 
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 Table 7 (continued). 

 

Panel B. Momentum-Arbitrage costs-Total institutional investors’ portfolio (1993-2010) 

MOM 
Idio Risk Institutional Ownership PRIN1 Institutional Ownership Rk_liq Institutional Ownership 

 
L M H L-H 

 
L M H L-H 

 
L M H L-H 

L 

L 

0.414 0.652 0.560 
 

L 

0.275 0.635 0.629 
 

L 

0.264 0.667 0.668 
 

(1.64) (1.94) (1.41) 
 

(0.57) (1.50) (1.38) 
 

(0.45) (1.44) (1.40) 
 

M 
0.733 0.787 0.746 

 
0.650 0.728 0.726 

 
0.554 0.723 0.728 

 
(3.62) (3.16) (2.43) 

 
(2.58) (2.66) (2.13) 

 
(2.00) (2.54) (2.10) 

 

W 
0.850 0.907 0.917 

 
0.641 0.793 0.939 

 
0.433 0.765 0.921 

 
(3.91) (3.58) (3.11) 

 
(1.82) (2.50) (2.54) 

 
(1.02) (2.32) (2.49) 

 

L-W 
0.437 0.255 0.357 0.080 0.366 0.159 0.310 0.056 0.170 0.098 0.253 -0.084 

(2.85) (1.21) (1.62) (0.41) (0.98) (0.56) (1.14) (0.20) (0.38) (0.31) (0.90) (-0.26) 

L 

M 

0.568 0.652 0.734 
 

M 

0.374 0.666 0.835 
 

M 

0.400 0.669 0.856 
 

(1.59) (1.50) (1.53) 
 

(0.70) (1.28) (1.52) 
 

(0.72) (1.27) (1.58) 
 

M 
1.080 0.847 0.796 

 
0.866 0.880 0.814 

 
0.894 0.860 0.827 

 
(3.83) (2.44) (2.09) 

 
(2.80) (2.44) (2.04) 

 
(2.80) (2.42) (2.14) 

 

W 
1.403 1.196 0.984 

 
0.925 1.191 1.055 

 
0.927 1.150 1.087 

 
(4.51) (3.37) (2.60) 

 
(2.01) (2.69) (2.33) 

 
(1.95) (2.59) (2.39) 

 

L-W 
0.835 0.544 0.251 0.585 0.551 0.525 0.220 0.331 0.527 0.480 0.230 0.297 

(4.26) (2.40) (0.94) (2.65) (1.63) (1.77) (0.75) (1.56) (1.58) (1.61) (0.75) (1.40) 

L 

H 

0.262 0.680 0.910 
 

H 

0.339 0.670 0.753 
 

H 

0.334 0.681 0.852 
 

(0.42) (1.07) (1.40) 
 

(0.76) (1.34) (1.23) 
 

(0.78) (1.46) (1.61) 
 

M 
0.846 0.884 0.799 

 
0.916 0.936 0.860 

 
0.890 0.943 0.744 

 
(1.73) (1.72) (1.53) 

 
(3.15) (2.66) (2.03) 

 
(3.21) (2.77) (1.90) 

 

W 
1.190 1.240 1.035 

 
1.316 1.532 1.330 

 
1.315 1.589 1.334 

 
(2.26) (2.29) (1.85) 

 
(3.32) (3.62) (2.89) 

 
(3.44) (3.95) (3.09) 

 

L-W 
0.928 0.560 0.125 0.803 0.977 0.862 0.577 0.400 0.980 0.908 0.483 0.498 

(3.39) (1.85) (0.37) (3.10) (4.11) (3.37) (1.50) (1.93) (4.17) (3.71) (1.53) (1.87) 

L-W H-L 
0.491 0.305 -0.232 

 H-L 
0.611 0.703 0.267 

 H-L 
0.811 0.811 0.229 

 
(1.96) (1.25) (-0.99) 

 
(2.01) (3.93) (0.90) 

 
(2.31) (4.03) (0.94) 
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Table 8. Fama-MacBeth Cross-sectional Regressions 

This table presents estimates of Fama-MacBeth (1973) predictive cross-sectional regressions for individual stork 

returns from 1993 through 2010. The dependent variable is average monthly return over a six-month holding period. 

Idiosyncratic risk (Idio Risk) is idiosyncratic risk of monthly return variance that is orthogonal to the value 

weighted market index over the prior 36 months; Ranked liquidity measure (Rk_liq) is the composite ranked 

liquidity measure by using quoted spread, effective spread, depth, dollar depth, and price impact; The first 

component analysis measure (Prin1) is the liquidity measures based on the above four liquidity measures based on 

the principal component analysis; Institutional ownership (IOR) is the ratio of total firm’s shares that are held by 

institutional ownership; Reversal (REV) is the past thirty-six month-stock return; Momentum (MOM) is the past six 

month stock return; log(MB) is natural logarithm of the market to book ratio; log(size) is the natural logarithm of 

firm market value; Hidio is equal to one if firm is in the highest idiosyncratic risk tertile, and zero otherwise; Lior is 

equal to one if firm is in the lowest institutional ownership tertile, and zero otherwise; Hliq is equal to one if firm is 

in the least liquid tertile, and zero otherwise; Hprin1 is equal to one if firm is in the least liquid tertile, and zero 

otherwise. The coefficients are reported in percent. T-statistics is shown in parentheses.

Panel A. Reversal Interactions   

Variable Model1 Model2 Model3 Model4 Model5 Model6 

Intercept 1.10 1.07 1.22 0.86 1.08 1.23 

 
(5.15) (3.69) (7.15) (3.39) (7.61) (7.13) 

log(MB) -0.60 -0.60 -0.55 -0.60 -0.61 -0.55 

 
(-10.89) (-11.10) (-12.70) (-11.24) (-11.74) (-13.05) 

Prin1 
    

0.04 
 

     
(1.17) 

 
MOM 0.53 0.54 0.54 0.56 0.54 0.57 

 
(3.67) (3.99) (3.81) (4.27) (3.83) (4.22) 

REV -0.10 -0.07 -0.01 -0.12 -0.13 -0.06 

 
(-4.05) (-3.11) (-0.18) (-4.65) (-5.17) (-1.51) 

Idio Risk 
  

-0.02 
  

-0.02 

   
(-0.85) 

  
(-0.98) 

IOR 
   

0.50 0.33 0.39 

    
(4.42) (2.92) (3.40) 

log(size) 0.02 0.03 0.00 0.00 
 

-0.03 

       
 

(1.18) (1.25) (0.22) (0.06) 
 

(-1.99) 

Rev*Hidio 
  

-0.09 
  

-0.07 

   
(-3.74) 

  
(-2.95) 

Rev*Lior 
   

0.14 0.14 0.13 

    
(6.54) (7.01) (5.10) 

Rev*Hliq 
 

-0.14 
 

-0.11 
  

  
(-3.05) 

 
(-2.43) 

  
Rev*Hprin1 

    
-0.16 

 

     
(-3.43) 

 
Rk_liq 

 
0.02 

 
0.07 

  

  
(0.45) 

 
(1.98) 

  
 

 

 

 

 

Panel B. Momentum Interactions   

Variable Model1 Model2 Model3 Model4 Model5 

Intercept 1.31 1.12 1.22 0.92 1.08 

 
(5.51) (3.84) (7.15) (3.61) (7.80) 

log(MB) -0.59 -0.59 -0.55 -0.59 -0.60 

 
(-10.91) (-11.11) (-12.87) (-11.12) (-11.67) 

Prin1 0.03 
   

0.01 

 
(1.11) 

   
(0.29) 

MOM 0.54 0.44 1.05 0.46 0.56 

 
(3.84) (2.73) (6.43) (3.06) (4.09) 

REV -0.10 -0.10 -0.08 -0.10 -0.11 

 
(-4.11) (-4.05) (-3.11) (-3.97) (-4.01) 

Idio Risk 
  

-0.01 
  

   
(-0.65) 

  
IOR 

   
0.53 0.38 

    
(4.77) (3.48) 

log(size) -0.01 0.02 0.00 -0.01 
 

 
(-0.42) (0.89) (0.00) (-0.38) 

 
Mom*Hidio 

  
-0.64 

  

   
(-8.43) 

  
Mom*Lior 

   
0.13 0.13 

    
(1.74) (1.84) 

Mom*Hliq 
 

0.37 
 

0.37 
 

  
(3.87) 

 
(4.35) 

 
Mom*Hprin1 0.21 

   
0.22 

 
(4.22) 

   
(4.75) 

Rk_liq 
 

0.02 
 

0.07 
 

  
(0.37) 

 
(1.97) 
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Table8 (Continued). 

 

Panel C. Momentum and Reversal Interactions    

Variable Model1 Model2 Model3 Model4 Model5 

Intercept 0.98 1.37 0.99 1.22 1.13 

 
(4.83) (7.68) (4.92) (7.23) (9.60) 

log(MB) -0.55 -0.54 -0.54 -0.55 -0.56 

 
(-13.10) (-12.75) (-13.01) (-12.92) (-13.20) 

Prin1 
 

-0.04 
  

0.01 

  
(-1.33) 

  
(0.53) 

MOM 0.47 0.57 0.47 1.12 0.57 

 
(3.06) (4.35) (3.17) (7.77) (4.33) 

REV -0.10 -0.05 -0.05 -0.01 -0.05 

 
(-3.78) (-2.29) (-2.17) (-0.19) (-2.25) 

Idio Risk -0.03 -0.03 -0.03 -0.01 -0.03 

 
(-1.28) (-1.35) (-1.20) (-0.60) (-1.27) 

IOR 0.43 0.36 0.43 0.43 0.26 

 
(3.98) (3.21) (3.96) (3.79) (2.35) 

log(size) -0.01 -0.05 -0.02 -0.04 
 

 
(-0.81) (-2.64) (-0.83) (-2.26) 

 
Mom*Hidio 

   
-0.63 

 

    
(-9.07) 

 
Mom*Lior 

 
0.13 0.12 -0.15 0.12 

  
(1.73) (1.69) (-1.54) (1.30) 

Mom*Hliq 0.36 
 

0.36 
  

 
(3.91) 

 
(4.32) 

  
Mom*Hprin1 

 
0.22 

  
0.21 

  
(4.71) 

  
(4.51) 

Rev*Hidio 
   

-0.09 
 

    
(-3.70) 

 
Rev*Lior 0.12 

    

 
(6.03) 

    
Rev*Hliq -0.07 

 
-0.11 

  

 
(-1.69) 

 
(-2.47) 

  
Rev*Hprin1 

 
-0.15 

  
-0.15 

  
(-3.18) 

  
(-3.25) 

Rk_liq 0.09 
 

0.08 
  

 
(2.43) 

 
(2.37) 
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Table 9. Momentum Profits and Market Table 9. Momentum Profits and Market States 

This table presents the equal-weighted average monthly returns and Fama-French 3 factor/CAPM alphas for long-term 

reversal and momentum portfolio following UP markets. Non-negative returns of the value-weighted CRSP index over 

month t-36 to t-1 define UP markets. Panel A and B are the single sorted portfolio. Panel C reports double-sorted average 

monthly returns of the past returns and arbitrage cost, which are independently sorted. The reversal tertiles are formed 

each month based on past returns from t-36 to t-7 (Rev36,7). The reversal portfolios’ returns are calculated by buying the 

low past return tertile (L) and selling the high past return tertile (W). The momentum tertiles are formed each month by 

sorting stocks on the past return from t-6 to t-1 (Mom6,1), respectively. The momentum portfolio returns are calculated by 

buying the past high return tertile (W) and selling the past low return tertile (L). The returns are the average monthly 

returns over the 6-months subsequent to portfolio formation with one month gap, and are reported in percent. The value 

in parenthesis represents t-statistics. The sample is from January 1993 through December 2010. Two sub-period samples 

are from 1993-2000 and 2001-2010, respectively. 

Panel A. Reversal portfolio (REV36,7) in UP market 

Period(# of Up market) L M W W-L aFF aCAPM 

1993-2010 (178) 0.522 0.423 0.121 0.401 0.32 0.41 

 
(1.10) (1.28) (0.27) (1.80) (1.65) (1.86) 

1993-2000(94) 1.094 0.771 0.398 0.696 0.94 0.76 

(Pre-decimalization) (1.91) (2.15) (0.80) (2.24) (3.82) (2.40) 

2001-2010(83) -0.125 0.029 -0.192 0.067 -0.26 0.01 

(Post-decimalization) (-0.16) (0.05) (-0.25) (0.21) (-1.13) (0.04) 

 

Panel B. Momentum portfolio (Mom6,1) in UP market 

Period(# of Up market) L M W W-L aFF aCAPM 

1993-2010 (178) -0.074 0.432 0.719 0.793 0.87 0.81 

 
(-0.15) (1.30) (1.68) (2.86) (3.20) (2.94) 

1993-2000(94) 0.219 0.754 1.308 1.088 1.12 0.91 

(Pre-decimalization) (0.44) (2.09) (2.25) (3.17) (3.65) (2.65) 

2001-2010(83) -0.405 0.068 0.053 0.458 0.34 0.23 

(Post-decimalization) (-0.45) (0.12) (0.08) (1.03) (0.86) (0.56) 

 

Panel C. Double sorted portfolios: Reversal (REV36,7)/Momentum (MOM6,1) portfolio with arbitrage costs 

PFO 

1993-2010 1993-2000 (Pre-decimalization) 2001-2010 (Post-decimalization) 

Idiosyncratic risk 

L M H H-L L M H H-L L M H H-L 

REV36,7 -0.155 0.111 0.701 0.856 -0.269 0.260 1.090 1.359 -0.027 -0.058 0.260 0.287 

(L-W) (-0.90) (0.66) (3.01) (3.84) (-1.24) (1.23) (3.78) (4.75) (-0.10) (-0.22) (0.70) (0.85) 

MOM6,1 0.489 0.751 1.001 0.512 0.412 1.103 1.488 1.076 0.577 0.351 0.450 -0.127 

(W-L) (2.70) (3.39) (3.33) (2.15) (2.56) (4.55) (4.28) (3.70) (1.69) (0.92) (0.90) (-0.34) 

 
Ranked liquidity 

REV36,7 0.211 0.387 0.623 0.413 0.286 0.795 1.101 0.816 0.126 -0.076 0.082 -0.043 

(L-W) (0.98) (1.68) (2.68) (1.79) (1.21) (3.00) (3.13) (2.49) (0.34) (-0.20) (0.29) (-0.14) 

MOM6,1 0.496 0.766 1.088 0.591 0.589 1.190 1.374 0.785 0.391 0.287 0.764 0.373 

(W-L) (1.66) (2.41) (4.35) (2.74) (1.69) (3.05) (4.29) (2.85) (0.78) (0.56) (1.96) (1.10) 

 
First principal component 

REV36,7 0.170 0.493 0.585 0.415 0.233 0.850 1.136 0.903 0.098 0.089 -0.038 -0.137 

(L-W) (0.78) (2.14) (2.50) (1.80) (1.00) (3.16) (3.28) (2.87) (0.25) (0.23) (-0.13) (-0.41) 

MOM6,1 0.554 0.697 1.109 0.555 0.705 1.073 1.391 0.686 0.383 0.270 0.788 0.405 

(W-L) (1.91) (2.15) (4.41) (2.66) (2.02) (2.76) (4.34) (2.50) (0.80) (0.51) (2.01) (1.27) 

 
Total institutional ownership 

REV36,7 0.661 0.372 0.217 -0.444 1.162 0.725 0.334 -0.828 0.094 -0.028 0.085 -0.009 

(L-W) (2.53) (1.59) (0.98) (-1.72) (2.94) (2.29) (1.40) (-2.27) (0.29) (-0.08) (0.22) (-0.02) 

MOM6,1 1.032 0.797 0.534 -0.498 1.278 1.106 0.815 -0.464 0.391 0.287 0.764 0.373 

(W-L) (3.69) (2.75) (1.80) (-2.20) (3.60) (3.06) (2.30) (-1.70) (0.78) (0.56) (1.96) (1.10) 
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Figure 4. Reversal portfolio average 6-month return by liquidity effects 

This figure compares the reversal portfolio returns by each liquidity component tertile in the pre-decimalization period 

(1993-2000) and post-decimalization period (2001-2010). 

A. Idiosyncratic risk-Reversal                                   B. Ranked liquidity-Reversal

                              
Idiosyncratic risk tertile                                               Ranked liquidity tertile 

C. First principal component-Reversal                             D. Institutional ownership-Reversal 

     
First principal component tertile                                           Institutional onwership tertile 

Reversal Reversal 

Reversal Reversal 
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Figure 5. Momentum portfolio average 6-month return by liquidity effects 

This figure compares the momentum portfolio returns by each liquidity component tertile in the pre-decimalization period 

(1993-2000) and post-decimalization period (2001-2010). 

A. Idiosyncratic risk-Momentum                                    B. Ranked liquidity-Momentum

       
Idiosyncratic risk tertile                                            Ranked liquidity tertile 

C. First principal component-Momentum                        D. Total institutional ownership-Momentum 

      
First principal component tertile                                      Total institutional ownership tertile

Momentum Momentum 

Momentum Momentum 
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8. Appendix 

8.1 Estimation of transaction costs 

For an empirical analysis, we use the components of transaction costs from prior work in market 

microstructure, and suggest a new methodology for combining these components. 

8.1.1 Components of transaction costs 

Based on prior work in market microstructure, we gather the extant measures of transaction costs. 

The following are representative measures: quoted spread, effective spread, price impact, quoted 

depth. 

    Percentage quoted spread is calculated as follows; 

Quoted Spreadit = 
As it  idit

Mit
 

For each stock and each trade, we first find the highest bid and lowest ask over all venues at 

every point during the day (NBBO). Askit is the inside ask, Bidit is the inside bid, and Mit equals the 

midpoint at the time of the tth trade of ith stock. For each stock i, the average percentage quoted 

spread for the day is computed as a time weighted average across all spreads during the day. Then, 

Quoted Spread for each stock i is calculated by averaging the daily estimates across all trading days 

within the month. 

  To estimate effective spreads, we calculate the percentage effective spread using the 

following formula: 

Effective Spread it=2Dit ( 
Pit Mit

Mit
 ) 

    ,where Dit is the buy-sell indicator variable 1 for buyer-initiated trades and -1 for seller-initiated 

trades, Pit is the transaction price, and Mit is the midpoint of the most recently posted bid and ask 

quotes for each stock i. The average effective spread for each day is a trade-weighted average across 

all trades during the day. The monthly effective spread for each security is calculated by averaging 

across all trading days within the month. We calculate depth, referring to Lee et al., (1993) and 

Chordia et al. (2001). 

Quoted Depthit = 
1

2
 (Depth at Askit + Depth at Bidit ) 



55 

Quoted depth reflects the number of shares that can be bought or sold at a particular bid or 

offer price. For each security, the average quoted depth is defined as a time weighted average across 

all depths during the day. The annual quoted depth is defined as the average across all trading days 

within the month. 

Another frequently used measure of stock market liquidity is to measure the extent to which 

an asset can be traded without changing price (Chung, Elder and Kim (2010); Goyenko et al. (2009)). 

We measure the price impact of trades by 

Price Impactit = 100Dit

Mit   Mit

Mit
 

,where Mit and Mit+5 are quote midpoints at time t and t+5 minutes, respectively. The mean value 

of price impact during each day is calculated by weighting each trade equally and then averaged for a 

month. The price impact measures the extent to which a trade alters the share price. If a trade does 

not contain new information on the value of the share, the price impact should be zero. If the trade is 

information motivated, it tends to move the price in the direction of the trade: buyer initiated trades 

tend to raise the quote midpoint, and seller-initiated trades tend to lower it. 

 

8.2 Composition of Transaction Costs 

We combine the extant measures of transaction costs, quoted spread, quoted depth, effective spread, 

and price impact by using the principal component analysis and ranking method. The measures based 

on price dimensions are quoted spread, effective spread, and price impact while those based on 

quantity dimensions are depth. The combinations of these measures imply that transaction costs are 

constructed based on the multi-dimensional facets which include the dimension of price and quantity. 

In order to combine the measures, we employ the principal component analysis (PCA) based on the 

existing measures for each firm-month. The composite measure based on the PCA has the common 

cross-sectional variation of level of monthly change in four direct measures of transaction costs. The 

advantage of this measure is to minimize the possibility that any one of these measures is connected 

to "awkward or non-informational" values of transaction costs. 

Another method is a ranking method, wherein an arbitrary number of ranking is assigned to 

stocks each month. The proxies for transaction costs do not change into the same direction; for 

example, a high price impact or a large bid and ask spread is related to high transaction costs, but 

large sizes of depth are associated with low transaction costs. To unify these measures, we use a 



56 

descending order for depth. Hence, the larger the value of the proxies, the higher the transaction 

costs. Next, for each firm-month we aggregate the ranking of each proxy. The ranking method in this 

paper treats each dimension equally by unifying a ranking within the same range and aggregating it. 

For example, if we combine four dimensions of liquidity, sorted by the quintile group, the range of 

the new measure will be from 0 to 12. The stock that has the highest value (12) in each dimension is 

the least liquid (has the highest transaction costs), while the one that has the lowest value (0) is the 

most liquid (has the lowest transaction costs). Generally, extreme groups include the highest or 

lowest transaction costs in every dimension (e.g., price impact, quoted spread, effective spread, depth, 

and dollar depth). Both multi-dimensional measures provide criteria for constructing a portfolio 

without computing the accurate value of transaction costs. 

 


