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Successful Momentum Strategies in the Australian Warrant Market
Abstract
In this paper synthetic positions are constructed to replicate momentum trading so that stock momentum strategies were evaluated without actually trading in stocks. The basis of the approach adopted here is the utilization of derivative contracts on the underlying individual stocks. This approach means the positions are simulated via the buying and selling warrants as required to create the winning and losing portfolios. This study empirically tests these synthetic strategies on the Australian Stock Exchange (ASX). As a comparison, this is the first study to add another test of momentum strategies on only the derivatives market without taking positions based on the underlying stocks market.  The results show that that the derivative momentum of stock portfolios is a highest log-return yields a return of 0.0066% per day equating to a return of 1.65% per annum.  
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I. Introduction

The popularity of momentum strategies has been increasing as increasing reports of profitable are appearing making it a somewhat popular topic of debate among researchers in this field. Consequently, empirical studies
 on momentum strategies continue to appear in various journals around the world. Consequently numerous researchers have sought explanations for this phenomenon concerning the basis of momentum strategy effects. DeLong et al (1990), among others
, provide a behavioural explanation to this anomaly. Towards the end of the 1990’s, it became apparent that momentum strategies could not be classified as a contrarian investment strategy. 

Recent studies such as Lesmond, Schill, and Zhou (2004) and Korajczyk and Sadka (2004) challenge the well-accepted doctrine on the basis of transaction costs. Hogan et al (2004) empirically investigate whether momentum and value trading strategies constitute statistical arbitrage opportunities in the US. After adjusting for transaction costs, the influence of small stocks, margin requirements, liquidity buffers for the marking-to-market of short sales, higher borrowing rates and so on, the evidence demonstrates that these strategies are capable of generating statistical arbitrage. It appears fair to state that momentum effects do exist in many of the equity markets around the globe. 

In addition to the previously mentioned research, there have been studies which have identified the potential to replicate momentum strategies on derivative markets. Corredor, Muga and Santamaria (2006) conducted an analysis of momentum strategies profitability using stock futures contracts. In comparison to stocks, they demonstrated that the profitability of momentum strategies using futures are relatively higher, though this may be due to lower transaction cost with futures when compared to physical stocks. The analysis also concluded that there is a weak domination of stocks by the futures and risk-averse investors would prefer futures than stocks. In terms of whether the futures momentum return would compensate transaction cost and risk, the study found that transaction costs are upwardly biased for large scale and institutional investors.
Rey and Schmid (2004) demonstrated that option-based momentum strategies resulted in negative returns. However, only a trading strategy based on ‘in-the-money’ call options in winner stocks showed higher returns when compared to the stock return strategy. They reported that a strategy using a maturity of 12 months never falls below 50% p.a. for strikes between 70% below and 30% above the prevailing stock price.

Naughton, Ramiah, Sy (2006) identified the potential to replicate momentum without the construction of arbitrage portfolios, i.e. long the winners and short the losers. Derivatives markets are generally highly correlated with the underlying markets due to pricing considerations and hence we suspect that momentum returns can be similarly identified using derivatives instead of physical stocks. 
Consequently, the same method used in Naughton, Ramiah, Sy (2006) is applied here, as with the Singapore paper, however this time the momentum replication was made on Australian derivative market. This study pioneers research in an evolving area by focusing on derivative momentum.  The Warrant Momentum Strategies: Evidence from Singapore working paper produced sound evidence that synthetic momentum can be achieved through trading derivative based on the outcome (i.e. winners and losers) of the underlying stock market. 
This paper however goes beyond simply the returns that can be attributed to momentum in the physical stock market as explored in previously published studies. It also observes the comparison of the log-returns generated by momentum strategies in the physical market and log-returns generated by momentum strategies in the derivatives market, specifically looking at warrants in two different ways. One strategy is to replicate momentum based on long the winners and short the losers, as discussed above, and has been conducted in several studies. The other strategy is an innovative approach that has not previously appeared in the literature. This second strategy involves finding potential momentum effects on derivative market without any deliberate positions made based on the underlying physical stock market.
For this research, the Australian Stock Exchange (ASX) is chosen for several reasons. Firstly, it is one of the largest and most developed financial marketplaces, particularly in the Asia Pacific region. In terms of market capitalisation, ASX is currently the 12th largest stock market in the world with a stable political setting and sound economic fundamentals coupled with favourable business and regulatory environment. More importantly, Australia has an active derivatives market with great level of liquidity. This enables us to use 146 stocks with warrants in Australia, which make it more reliable than a smaller sample used in previous study (that is Warrant Momentum Strategies: Evidence from Singapore which utilised only 18 stocks).  
This study essentially extends on the work of Naughton, Ramiah and Veeraraghavan (2006). This earlier study reports returns as high as 14.1% per month but had some practical limitations, such as holding periods of a minimum of one month when short sellers have to close their position at the end of each day.  To overcome this problem, and to take advantage to the momentum profits, the derivatives markets are explored as a means to profit from this strategy.
The research presented here employs three strategies all of which aim to identify momentum strategies and then make a comparison between them:

· Strategy 1 deals with the Australian equity markets (i.e. the physical market) where all stocks with warrants were selected to determine the profitability of momentum strategies. In this study, we look at equity warrants
 as the tool to benefit from momentum trading in Australia;

· Strategy 2 looks into Australian warrants market to employs the same method as in Strategy 1 but to identify profitability of momentum strategies in the warrants market alone;
· Strategy 3 then connects the two markets (stock and warrants) together. In Strategy 3, the long and short positions on the warrants were selected on the basis of the winners and losers among the equity counterparts (i.e. obtained from Strategy 1 results). 
The basis for short-selling the warrants is related to the research conducted by Kremer and Roenfeldt (1993). They found that the longer the life of the warrant, the more likely major information would cause a significant price jump. Our research within Australian market supports these findings which shows increasing trend in returns as warrants held for longer periods. Further research conducted by Aitken, Harris, McInish and Segara (2005) concluded that equity warrants are not redundant and that the inclusion of this derivative instrument in an investor’s portfolio can provide diversification benefits through an enlargement of the minimum variance frontier. Lim and Terry (2003) observed that when firms have two or more series of outstanding stock warrants, the exercise of one series dilutes the share price to be received from exercising the later warrant series in Singapore. 

Based on a formation periods of less than one month, the analysis conducted here is consistent with Naughton et al. (2006) where returns for equities listed on the Australian Stock Market are not statistically significant. Similarly, the results from returns in the Australian Warrant Market alone are also immaterial. However, when equity winner portfolio and loser portfolio are used to form the warrant winners and losers portfolio, significant momentum returns are observed. A zero cost warrant portfolio buying winners and selling losers found a significant momentum effect of 0.0066% per day, which translates to a return of 1.65% per annum. Meanwhile, the return on warrant markets alone without any deliberate positions shows a return of -0.0042% per day, which translates to -1.05% per annum.
The rest of the paper is organised as follows. Section II presents the data and methods used in this paper and Section III presents the empirical findings. Finally Section IV concludes the paper.

II. Data and Methods
Data
Daily Australian warrant prices were obtained from Australian Financial Review trading room for the one year period starting from 1st September 2005 to 30th August 2006. Meanwhile, daily stock prices were downloaded from DataStream for the matching period for 146 companies with warrants listed in Australian Stock Exchange.
Table 1 shows the descriptive statistics of the daily return for the both the equity and warrant securities. On average the daily returns exhibited by both the equity and warrant portfolio were not statistically different from zero. A further analysis of the return distribution shows that the daily returns are not normally distributed in either portfolio with evidence that returns are positively skewed and leptokurtic. 

	Table 1: Descriptive statistics of Return for Equities and Warrants from September 2005 to  August 2006

	　
	　
	　
	　
	　
	　
	　

	　
	　
	Equities
	　
	
	Warrants
	　

	　
	　
	Return
	　
	　
	Returns
	　

	Mean
	　
	0.0006
	　
	
	-0.0005
	　

	Standard Error
	0.0016
	
	
	0.0036
	

	Median
	　
	0
	　
	
	0
	　

	Standard Deviation
	0.0196
	
	
	0.0431
	

	Excess Kurtosis
	12.8964
	
	
	126.7008
	

	Skewness
	　
	-0.1329
	　
	
	-0.0884
	

	Range
	　
	0.6383
	　
	
	2.6209
	

	Minimum
	　
	-0.3600
	　
	
	-1.2148
	

	Maximum
	　
	0.2783
	　
	
	1.4061
	

	No of Securities
	146
	
	
	146
	

	t-Test Statistic
	0.3446
	
	
	-0.1446
	

	JB-Statistic
	　
	7.359982449
	　
	　
	669.0689
	　


Methodology

For the purposes of this study, daily returns are defined as follows:

Stock Return Formula
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Equation 1
Where 

LRsi is the daily log return for stock i.

Pst is the stock return index for stock i at time t.

Pst-1 is the stock return index for stock i at time t-1.

Warrant Return Formula
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Equation 2
Where 

LRwi is the daily return for warrant i.

Pwt is the warrant return index for warrant i at time t.

Pwt-1 is the warrant return index for warrant i at time t-1.

The equity portfolio construction is similar to that of Lee and Swaminathan (2000). Equity portfolios are formed on a daily basis. At the beginning of each day from 1 September 2005 to 30 August 2006, all eligible stocks are ranked independently on the basis of past returns for the return momentum. The stocks are then assigned to two portfolios based on their returns over the past J days (where J = 1, 5, 10, 15 and 20 days respectively). 
Each subsequent portfolio was made up of the fifteen companies with the lowest returns termed "losers" and fifteen companies with the highest returns named "winners". Fifteen is derived by using approximately 10% of the total number of companies used in the analysis (that is 146 companies). Next the portfolios are held for K days (where K = 1, 5, 10, 20, 30, 40, 50, 100,150, 200 and 250 days). Returns for K-days holding period are based on equally weighted average returns of every stock in the portfolios. For example, the daily return for a five-days holding portfolio is the average of the portfolio return from today’s strategy, yesterday’s strategy and strategy from two, three and four days ago. The extreme winner and loser deciles over the next K days and next 251 days then form the main focus. The equity momentum strategies employed here buy the winner portfolio and sell the loser portfolio for different holding and formation periods.
Determining the momentum profit on the equity stocks is only the first strategy of this research. This paper relates momentum strategy with derivatives markets; consequently, it is necessary to ensure that each of the selected equity securities had attached warrants. For the analysis, the warrants that are most actively traded were selected. The second strategy is to investigate momentum profit on the warrants market alone. Finally, in the third strategy, the two markets are linked, that is the market for stock and warrants, by taking advantage of the long and short positions on the derivatives market.  Only Equity Call Warrants were used in this study due to a limitation of resources for other derivative products. 
The warrant winners, losers and momentum portfolios are based on the physical winners, losers and momentum portfolios. The warrant winners’ (losers) portfolios consist of long (short) positions on warrant of the stocks in the winners (losers) equity portfolios. Each day, the eighteen winning (losing) stocks are identified and a long (short) position on their respective Equity Call Warrants is taken as required. A zero cost warrant momentum portfolio buys the warrant winners’ portfolio and shorts the warrant losers’ portfolio.

III. Empirical Findings

This section reports the returns for different equity momentum and warrant momentum strategies. The findings show that in trading in warrant market, without any deliberate positions influenced from physical market, results in neither strong momentum nor strong contrarian observed. However, when momentum strategy is replicated in the warrants market based on employing winners and losers in the physical market, warrant momentum behaviour is identified more strongly for latter periods than in the early period, with the strongest effect at twenty days formation period based on average return. Interestingly, no significant evidence of equity momentum strategies is found. However, some contrarian behaviour is observed in the early period but then it disappears as the time length increases.
Tables 2, 3, and 4 summarise the empirical results from several momentum strategies in the three different scenarios. Following, Lee and Swaminathan (2000) the mean return from a dollar neutral strategy of buying equity winners and shorting equity losers, RW-RL are reported. At the beginning of each day, stocks are ranked and grouped into two portfolios, namely winners and loser on the basis of their returns over the previous 1, 5, 10, 15 and 20 days. Thus, there are two portfolios, where the first portfolio consists of the fifteen top winners and the second portfolio with the fifteen losers, every day from 1 September 2005 to 30 August 2006. The same strategies also used on warrants market. Lastly, based on the winners and losers on equity portfolios, warrant portfolios were created using the methodology described in Section II. 
The results for the losers (RL) and the winner (RW) are reported for the physical market (that is, the underlying stock market), derivative market (that is the warrants market) and the stock market influenced on warrants portfolio constructed. On each day, long positions are taken in the winner portfolio and short positions are taken in the loser portfolio and the returns of this zero cost portfolios are shown as RW-RL. 
Strategy 1 – Stocks
The stock momentum returns based on the range of formation periods considered are shown in Table 2 and then graphically in Exhibit 1A. The results in Table 2 show no significance of momentum effects. For short holding periods, it exhibits some contrarian profits (where RW-RL is negative) while after 30 days contrarian behaviour disappears and stay very much stable on its mean as illustrated in Exhibit 1A. The contrarian behaviour identified has a statistical significance returning -0.0019%. However there is no consistency in this behaviour thus it is fair to conclude that this is an occasional significance of contrarian behaviour on the selected companies listed on the Australian Stock Exchange. All the formation periods show low returns particularly in early periods of holding followed by a slight increase.

For winner portfolios, one day formation period produced the lowest returns during most of the holding days as illustrated in Exhibit 1B. The strongest momentum profits in the winner portfolios reached 0.0014%.  There is no strong evidence of reversion on winner portfolios, contrarian behaviour in stock portfolios mainly driven by loser portfolio. On loser portfolios (RL), it is clear from Exhibit 1C that when the holding period is extended to more than 1 day, returns are declining sharply then remain stable afterwards. The returns of RL portfolios are at their best when they are held for one day (K=1), 0.0017%. All formation periods reverse to 0.0007% return when held for up to 200 days.
Strategy 2 – Warrants  
The next step is then to analyse momentum strategies in the derivative market. In warrants market, there is no obvious momentum effect as shown in Table 3 and Exhibit 2A. The short formation periods (i.e. J=10) manifests an immaterial contrarian behaviour, where RW-RL is negative. However, there is momentum profit developing right from the start. Therefore, it may be construed that there is neither significant momentum nor contrarian effect on the selected warrants portfolio, except for the J=10 for formation period with a strong early contrarian.

The winner portfolio for warrants shows that these do not produce particularly profitable returns for all of the formation periods. There is an increasing trend until the returns peaked at K=250 days for all the formation period, J=10 as seen in Exhibit 2B but J=5, J=15 and J=20 does not follow this trend. By looking at Exhibit 2C which illustrates loser portfolios, we can see there is a significant decline in returns in J=10 days formation period. All formation periods have generally decreasing trend in returns.
Strategy 3 – Stocks Positions on Warrants
The research was extended to analyse the warrant momentum strategies, instead determining the winners and losers based on the physical equity market. The results in Table 4 suggest an obvious warrant momentum effect based on warrants traded in the Australian Stock Exchange. Returns generated by this portfolio are higher than those produced in the stock portfolio (i.e. physical market) as well as in the warrants market alone. The highest momentum return was for J=20 and K=30 which reached 0.0066%, per day. Overall, there are strong contrarian profits appearing in the early holding periods only to reverse to momentum in the mid holding period subsequently diminishing as they are held for longer periods of time (i.e. up to 250 days) as illustrated in Exhibit 3A.
The winners of warrant portfolio on stock return (see Exhibit 3B) reveals a similar diminishing trend of returns as the holding period increases, until reaching a holding period of K=200 when returns start to increase. The losers of warrant portfolio on stock return demonstrate a similar behaviour and movement as the winners of warrant portfolio as shown in Exhibit 3C. 
Rows 2 to 13 report the equal-weighted average daily returns over the next K days (K = 1, 5, 10, 20, 30, 40, 50, 100,150, 200, 250 days) for portfolios formed based on J days. For example, for the derivatives (see Table 4), when J=15 and K=5, with a fifteen days portfolio formation period, past losers on average lose 0.0035% over the next five days while past winners on average lose 0.0068% over the same period. The zero cost warrant portfolio, which means that the strategy uses short Equity Call Warrant positions on the losing stock and long Equity Call Warrant positions on the winning stocks, in this case showed losses of 0.0033% over five days. This return translates to an annual return of around -0.825%. The differences in daily returns between winner and loser portfolios are negative and insignificant in every combination of K and J when K is lower than 20 days. 

On average, these differences are relatively low. For example, for warrants the zero cost portfolio gains 0.0066% and 0.0063% when J=20 and K=30 or J=20 and K=150 respectively on a daily basis. The remaining rows of Table 4 report the daily returns for each portfolio for up to 250 days following the portfolio formation. We find that the warrant momentum effect clearly exist in all formation periods although returns are diminishing, towards the end of the holding period.  
Thus, it can be concluded that momentum strategies persisted in warrants market even when the physical market does not exhibit any momentum effects. Of the strategies examined, Lee and Swaminathan’s (2000) momentum strategy appears to be the optimal momentum strategy in this study of the warrants market (with the physical market position) as no other strategy was able to provide a higher return. This is supported from the results of all three strategies as shown in Table 2, 3 and 4, particularly when considering the statically significant returns.   As can be observed in Table 4, a zero cost warrant portfolio which short the losers and long the winners was able to earn a return of 0.0066% per day, which translates to an annual return of 1.65%. This compares with the results in the physical market where the daily contrarian return was at 0.0019%, that is 0.475% per annum as shown in Table 2 and 0.0042% daily return from warrant market without replicating positions or 1.05% per annum.
IV. Conclusions
In this paper, momentum trading strategies were investigated for equities and warrants traded on the Australia Stock Exchange. This research shows that a zero cost warrant portfolio that goes long on the Equity Call Warrants on past winners of the physical market and short on the Equity Call Warrant on past losers of the physical market earns up to 0.0066% per day. 
Statistically significant returns on contrarian strategies are also reported on the equity market, particularly in early holding period. Consequently, the success of a contrarian trading strategy is more apparent than that for a momentum strategy in the equity market although there is no consistency in this behaviour. The results also confirm that investment in warrants market without any deliberate positions reflected significant behaviour towards neither momentum nor contrarian effect. A key finding is that investing in derivatives markets through replicating winners-losers momentum strategy positions from the underlying physical assets results in strong momentum profits. This implies that momentum strategy is an effective strategy to employ in the warrant market when using a strategy based on winners and losers of the physical assets. Overall it is concluded that the momentum strategy appeared to be the most profitable in the warrants market through replicating positions of the physical market compared to trades executed in either the equity or derivatives markets alone.
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	Table 2 : (Strategy 1) - Price Momentum Portfolios and Stock Log Returns

	Average daily returns for the time period September 2005 to August 2006. RL represents the loser portfolio and RW the winner portfolio. K represents daily holding periods where K=1, 5, 10, 20, ... n days. Returns are average daily returns over the portfolio formation period. 

	　
	　
	　
	　
	　
	　
	　

	　
	　
	J1
	J5
	J10
	J15
	J20

	K=1
	RL
	0.0017
	0.0016
	0.0012
	0.0011
	0.0007

	　
	t-Stats
	1.6478
	1.7797
	1.3192
	1.3099
	0.8173

	　
	RW
	-0.0002
	-0.0003
	0.0007
	0.0006
	0.0004

	　
	t-Stats
	-0.2370
	-0.3430
	0.8101
	0.6934
	0.4812

	　
	RW-RL
	-0.0019
	-0.0019
	-0.0005
	-0.0005
	-0.0003

	　
	t-Stats
	-2.2266
	-2.1624
	-0.6366
	-0.6687
	-0.3728

	K=5
	RL
	0.0007
	0.0008
	0.0007
	0.0007
	0.0006

	　
	t-Stats
	1.6347
	2.2030
	1.9439
	1.9558
	1.6771

	　
	RW
	0.0004
	0.0007
	0.0008
	0.0006
	0.0006

	　
	t-Stats
	0.8835
	2.0293
	2.0089
	1.5634
	1.5276

	　
	RW-RL
	-0.0003
	-0.0001
	0.0001
	-0.0001
	0.0000

	　
	t-Stats
	-0.9348
	-0.2411
	0.2498
	-0.3683
	0.0408

	K=10
	RL
	0.0007
	0.0007
	0.0005
	0.0005
	0.0004

	　
	t-Stats
	2.6436
	3.1975
	2.2240
	1.9772
	1.8890

	　
	RW
	0.0004
	0.0007
	0.0007
	0.0005
	0.0006

	　
	t-Stats
	1.3885
	2.7620
	2.4791
	1.8765
	1.9959

	　
	RW-RL
	-0.0003
	0.0000
	0.0002
	0.0001
	0.0002

	　
	t-Stats
	-1.2331
	-0.0846
	0.7583
	0.2770
	0.6178

	K=20
	RL
	0.0005
	0.0005
	0.0004
	0.0005
	0.0007

	　
	t-Stats
	2.7715
	3.0017
	2.4964
	3.1977
	4.2345

	　
	RW
	0.0004
	0.0006
	0.0006
	0.0005
	0.0006

	　
	t-Stats
	2.2843
	3.3072
	2.9490
	2.7346
	3.1256

	　
	RW-RL
	-0.0001
	0.0001
	0.0002
	0.0000
	0.0000

	　
	t-Stats
	-0.5759
	0.6687
	1.1789
	0.2669
	-0.2395

	K=30
	RL
	0.0005
	0.0005
	0.0006
	0.0007
	0.0008

	　
	t-Stats
	3.3314
	3.9231
	4.8444
	6.1414
	6.3068

	　
	RW
	0.0005
	0.0006
	0.0006
	0.0006
	0.0007

	　
	t-Stats
	2.9520
	3.8739
	3.6254
	3.8114
	4.0362

	　
	RW-RL
	-0.0001
	0.0000
	-0.0001
	-0.0001
	-0.0001

	　
	t-Stats
	-0.5735
	0.1999
	-0.4651
	-1.1420
	-0.9091

	K=40
	RL
	0.0007
	0.0007
	0.0007
	0.0007
	0.0007

	　
	t-Stats
	5.5638
	6.5645
	7.2979
	7.4884
	6.9882

	　
	RW
	0.0006
	0.0007
	0.0008
	0.0008
	0.0008

	　
	t-Stats
	5.5302
	5.9769
	6.6355
	6.2232
	6.2637

	　
	RW-RL
	0.0000
	0.0000
	0.0001
	0.0001
	0.0001

	　
	t-Stats
	-0.3850
	0.1004
	1.0175
	0.6649
	0.9921

	K=50
	RL
	0.0007
	0.0007
	0.0006
	0.0006
	0.0007

	　
	t-Stats
	6.8249
	7.4695
	6.9684
	7.1769
	7.6077

	　
	RW
	0.0007
	0.0008
	0.0008
	0.0009
	0.0009

	　
	t-Stats
	6.8662
	7.6975
	7.5119
	7.8117
	8.2604

	　
	RW-RL
	0.0000
	0.0001
	0.0002
	0.0002
	0.0003

	　
	t-Stats
	0.2022
	1.5299
	2.0415
	2.5790
	3.2177

	K=100
	RL
	0.0008
	0.0008
	0.0007
	0.0007
	0.0007

	　
	t-Stats
	11.2559
	11.2946
	12.4334
	11.2618
	11.1354

	　
	RW
	0.0010
	0.0011
	0.0013
	0.0013
	0.0013

	　
	t-Stats
	12.4470
	14.6218
	15.5989
	14.9064
	15.1361

	　
	RW-RL
	0.0001
	0.0004
	0.0005
	0.0006
	0.0006

	　
	t-Stats
	1.5078
	4.7497
	7.6482
	7.6741
	8.5955

	K=150
	RL
	0.0008
	0.0007
	0.0006
	0.0005
	0.0005

	　
	t-Stats
	12.4611
	12.8770
	13.9502
	10.1255
	10.4018

	　
	RW
	0.0010
	0.0012
	0.0013
	0.0013
	0.0014

	　
	t-Stats
	16.4864
	20.4225
	28.0096
	22.5248
	19.9317

	　
	RW-RL
	0.0002
	0.0005
	0.0007
	0.0009
	0.0009

	　
	t-Stats
	2.4776
	6.5901
	13.4876
	13.2626
	12.2934

	K=200
	RL
	0.0007
	0.0007
	0.0006
	0.0005
	0.0005

	　
	t-Stats
	11.4148
	11.6125
	12.0314
	10.4801
	8.5545

	　
	RW
	0.0008
	0.0009
	0.0010
	0.0010
	0.0011

	　
	t-Stats
	14.6399
	15.2009
	24.6684
	19.2353
	14.7423

	　
	RW-RL
	0.0001
	0.0002
	0.0005
	0.0005
	0.0006

	　
	t-Stats
	1.1810
	2.7924
	7.6764
	6.1536
	5.7666


	Table 3: (Strategy 2) - Warrant Momentum Portfolios and Warrant Returns

	Average daily returns for the time period September 2005 to August 2006. RL represents the loser portfolio and RW the winner portfolio. K represents daily holding periods where K=1, 5, 10, 20, ... n days. Returns are average daily returns over the portfolio formation period.

	　
	　
	　
	　
	　
	　
	　

	　
	　
	J1
	J5
	J10
	J15
	J20

	K=1
	RL
	-0.0110
	0.0007
	0.0013
	0.0008
	0.0001

	　
	t-Stats
	-1.1969
	0.5208
	1.0453
	0.6450
	0.0376

	　
	RW
	-0.0170
	-0.0007
	-0.0019
	-0.0033
	-0.0023

	　
	t-Stats
	-1.7333
	-0.7699
	-1.8868
	-3.1205
	-2.2268

	　
	RW-RL
	-0.0061
	-0.0014
	-0.0032
	-0.0042
	-0.0023

	　
	t-Stats
	-0.4230
	-1.0453
	-2.3824
	-2.9854
	-1.5014

	K=5
	RL
	-0.0077
	-0.0002
	0.0002
	0.0002
	-0.0004

	　
	t-Stats
	-2.5781
	-0.2858
	0.2770
	0.3100
	-0.5538

	　
	RW
	-0.0079
	-0.0015
	-0.0022
	-0.0028
	-0.0022

	　
	t-Stats
	-2.5852
	-2.8450
	-3.6072
	-4.4911
	-3.3591

	　
	RW-RL
	-0.0002
	-0.0013
	-0.0024
	-0.0030
	-0.0018

	　
	t-Stats
	-0.0457
	-2.5446
	-4.4767
	-4.1303
	-2.5210

	K=10
	RL
	-0.0072
	-0.0002
	0.0002
	-0.0001
	-0.0004

	　
	t-Stats
	-3.8789
	-0.5447
	0.4268
	-0.2849
	-0.8782

	　
	RW
	-0.0055
	-0.0014
	-0.0024
	-0.0023
	-0.0019

	　
	t-Stats
	-2.7241
	-2.9912
	-4.8211
	-4.7151
	-3.7017

	　
	RW-RL
	0.0017
	-0.0012
	-0.0026
	-0.0022
	-0.0015

	　
	t-Stats
	0.6457
	-2.7978
	-6.1133
	-4.5694
	-3.1264

	K=20
	RL
	-0.0072
	-0.0005
	-0.0004
	-0.0004
	-0.0005

	　
	t-Stats
	-5.6110
	-1.6960
	-1.4394
	-1.2961
	-1.3788

	　
	RW
	-0.0043
	-0.0013
	-0.0016
	-0.0015
	-0.0013

	　
	t-Stats
	-3.1516
	-3.7673
	-4.1359
	-3.9069
	-3.6898

	　
	RW-RL
	0.0030
	-0.0008
	-0.0012
	-0.0011
	-0.0009

	　
	t-Stats
	1.6434
	-2.7806
	-3.6669
	-3.3623
	-2.6925

	K=30
	RL
	-0.0063
	-0.0006
	-0.0002
	-0.0003
	-0.0004

	　
	t-Stats
	-5.9418
	-2.1570
	-0.9290
	-1.0284
	-1.2478

	　
	RW
	-0.0037
	-0.0012
	-0.0015
	-0.0014
	-0.0013

	　
	t-Stats
	-3.7326
	-4.0796
	-4.7421
	-4.8203
	-4.5739

	　
	RW-RL
	0.0025
	-0.0007
	-0.0012
	-0.0011
	-0.0009

	　
	t-Stats
	1.7339
	-2.6906
	-4.7357
	-3.9985
	-3.4555

	K=40
	RL
	-0.0055
	-0.0002
	-0.0001
	-0.0002
	-0.0004

	　
	t-Stats
	-5.8893
	-0.9099
	-0.6490
	-0.9716
	-1.5142

	　
	RW
	-0.0036
	-0.0009
	-0.0011
	-0.0012
	-0.0012

	　
	t-Stats
	-3.8705
	-4.0385
	-4.8372
	-5.7882
	-5.6601

	　
	RW-RL
	0.0019
	-0.0007
	-0.0009
	-0.0010
	-0.0008

	　
	t-Stats
	1.4883
	-3.7367
	-4.7494
	-4.8296
	-3.8348

	K=50
	RL
	-0.0049
	-0.0002
	-0.0003
	-0.0004
	-0.0005

	　
	t-Stats
	-5.9355
	-1.3223
	-1.6420
	-1.9180
	-2.2661

	　
	RW
	-0.0034
	-0.0008
	-0.0010
	-0.0010
	-0.0009

	　
	t-Stats
	-4.3063
	-4.2085
	-4.8990
	-5.4447
	-5.3644

	　
	RW-RL
	0.0015
	-0.0005
	-0.0007
	-0.0006
	-0.0005

	　
	t-Stats
	1.3306
	-2.8512
	-3.2751
	-3.2533
	-2.7767

	K=100
	RL
	-0.0039
	-0.0003
	-0.0003
	-0.0003
	-0.0004

	　
	t-Stats
	-6.0606
	-2.2940
	-2.4905
	-2.5758
	-3.5127

	　
	RW
	-0.0023
	-0.0001
	-0.0003
	-0.0004
	-0.0005

	　
	t-Stats
	-4.1816
	-0.6082
	-1.4268
	-2.3928
	-2.8716

	　
	RW-RL
	0.0016
	0.0002
	0.0000
	-0.0001
	0.0000

	　
	t-Stats
	1.6720
	1.1548
	0.2399
	-0.3588
	-0.2257

	K=150
	RL
	-0.0036
	-0.0005
	-0.0004
	-0.0004
	-0.0005

	　
	t-Stats
	-5.7489
	-4.8140
	-3.9451
	-4.1039
	-6.4220

	　
	RW
	-0.0020
	-0.0004
	-0.0005
	-0.0006
	-0.0009

	　
	t-Stats
	-3.8995
	-3.4012
	-4.1092
	-4.6474
	-6.4127

	　
	RW-RL
	0.0016
	0.0001
	-0.0001
	-0.0002
	-0.0004

	　
	t-Stats
	1.6997
	0.9506
	-1.4007
	-2.2907
	-3.6118

	K=200
	RL
	-0.0043
	-0.0005
	-0.0003
	-0.0004
	-0.0006

	　
	t-Stats
	-6.2794
	-5.9281
	-3.9365
	-3.4567
	-5.8339

	　
	RW
	-0.0035
	-0.0006
	-0.0008
	-0.0008
	-0.0011

	　
	t-Stats
	-6.6177
	-7.7924
	-11.7353
	-9.0747
	-17.2929

	　
	RW-RL
	0.0007
	-0.0001
	-0.0005
	-0.0005
	-0.0005

	　
	t-Stats
	0.7689
	-0.6552
	-3.7447
	-2.9226
	-3.0997


	Table 4: (Strategy 3) - Warrant Momentum Log Returns on Stock Portfolios

	Average daily returns for the time period September 2005 to August 2006. RL represents the loser portfolio and RW the winner portfolio. K represents daily holding periods where K=1, 5, 10, 20, ... n days. Returns are average daily returns over the portfolio formation period.

	　
	　
	　
	　
	　
	　
	　

	　
	　
	J1
	J5
	J10
	J15
	J20

	K=1
	RL
	-0.0046
	0.0000
	-0.0091
	-0.0089
	-0.0043

	　
	t-Stats
	-2.4884
	-0.0003
	-1.2507
	-1.4358
	-0.6769

	　
	RW
	-0.0022
	-0.0107
	-0.0080
	-0.0101
	-0.0098

	　
	t-Stats
	-1.3010
	-1.5880
	-1.1680
	-1.6883
	-1.5953

	　
	RW-RL
	0.0024
	-0.0107
	0.0011
	-0.0012
	-0.0055

	　
	t-Stats
	1.8368
	-1.0769
	0.1061
	-0.1531
	-0.6297

	K=5
	RL
	-0.0063
	-0.0056
	-0.0065
	-0.0035
	-0.0048

	　
	t-Stats
	-2.6655
	-2.1655
	-2.5733
	-1.6187
	-2.0972

	　
	RW
	-0.0053
	-0.0077
	-0.0046
	-0.0068
	-0.0081

	　
	t-Stats
	-1.8412
	-3.2942
	-1.9664
	-3.0198
	-3.2781

	　
	RW-RL
	0.0010
	-0.0021
	0.0020
	-0.0033
	-0.0033

	　
	t-Stats
	0.9702
	-0.6840
	0.6962
	-1.1787
	-1.0986

	K=10
	RL
	-0.0064
	-0.0083
	-0.0050
	-0.0057
	-0.0065

	　
	t-Stats
	-2.4640
	-4.6223
	-3.0687
	-3.8283
	-4.2430

	　
	RW
	-0.0065
	-0.0077
	-0.0055
	-0.0072
	-0.0076

	　
	t-Stats
	-2.1550
	-3.8271
	-3.4482
	-4.0998
	-4.2533

	　
	RW-RL
	0.0000
	0.0006
	-0.0005
	-0.0015
	-0.0011

	　
	t-Stats
	-0.0102
	0.2985
	-0.2528
	-0.6960
	-0.5325

	K=20
	RL
	-0.0067
	-0.0100
	-0.0100
	-0.0110
	-0.0095

	　
	t-Stats
	-2.3236
	-6.1669
	-7.7475
	-9.2237
	-7.8443

	　
	RW
	-0.0074
	-0.0067
	-0.0049
	-0.0054
	-0.0048

	　
	t-Stats
	-2.2554
	-4.6386
	-4.5552
	-5.0772
	-4.1355

	　
	RW-RL
	-0.0006
	0.0032
	0.0052
	0.0055
	0.0048

	　
	t-Stats
	-0.6237
	2.2703
	3.4035
	3.8225
	3.3186

	K=30
	RL
	-0.0071
	-0.0093
	-0.0092
	-0.0115
	-0.0123

	　
	t-Stats
	-2.3078
	-5.9087
	-8.5240
	-10.4831
	-10.8126

	　
	RW
	-0.0080
	-0.0064
	-0.0061
	-0.0064
	-0.0057

	　
	t-Stats
	-2.1603
	-5.0957
	-7.5813
	-8.6948
	-7.5900

	　
	RW-RL
	-0.0009
	0.0028
	0.0031
	0.0051
	0.0066

	　
	t-Stats
	-0.7673
	2.2507
	2.6626
	4.5162
	5.6055

	K=40
	RL
	-0.0073
	-0.0081
	-0.0076
	-0.0091
	-0.0105

	　
	t-Stats
	-2.1786
	-4.9472
	-7.5447
	-8.9020
	-9.8706

	　
	RW
	-0.0081
	-0.0069
	-0.0066
	-0.0062
	-0.0061

	　
	t-Stats
	-2.0907
	-5.7467
	-8.5093
	-8.9152
	-8.9316

	　
	RW-RL
	-0.0008
	0.0013
	0.0009
	0.0029
	0.0043

	　
	t-Stats
	-0.7851
	0.9763
	0.8118
	2.6986
	4.0248

	K=50
	RL
	-0.0077
	-0.0077
	-0.0062
	-0.0076
	-0.0094

	　
	t-Stats
	-2.1207
	-4.9078
	-6.7049
	-8.2426
	-9.3339

	　
	RW
	-0.0084
	-0.0072
	-0.0070
	-0.0071
	-0.0072

	　
	t-Stats
	-2.0479
	-5.9842
	-9.3907
	-10.2617
	-10.9038

	　
	RW-RL
	-0.0007
	0.0005
	-0.0009
	0.0005
	0.0022

	　
	t-Stats
	-0.7649
	0.4566
	-0.8289
	0.4675
	2.2716

	K=100
	RL
	-0.0089
	-0.0096
	-0.0082
	-0.0094
	-0.0099

	　
	t-Stats
	-2.0704
	-5.2403
	-11.1186
	-12.6880
	-13.6306

	　
	RW
	-0.0104
	-0.0079
	-0.0050
	-0.0050
	-0.0050

	　
	t-Stats
	-1.9653
	-3.9227
	-9.0836
	-10.4725
	-10.1860

	　
	RW-RL
	-0.0015
	0.0017
	0.0032
	0.0044
	0.0049

	　
	t-Stats
	-1.3851
	1.8240
	3.2993
	4.8505
	5.5086

	K=150
	RL
	-0.0082
	-0.0114
	-0.0104
	-0.0120
	-0.0127

	　
	t-Stats
	-1.7397
	-4.0346
	-16.8902
	-18.6081
	-21.2624

	　
	RW
	-0.0095
	-0.0104
	-0.0066
	-0.0068
	-0.0061

	　
	t-Stats
	-1.6723
	-2.8197
	-13.7927
	-15.5266
	-14.0468

	　
	RW-RL
	-0.0013
	0.0010
	0.0038
	0.0052
	0.0063

	　
	t-Stats
	-1.3263
	0.7753
	4.1980
	5.7340
	6.2100

	K=200
	RL
	-0.0073
	-0.0122
	-0.0077
	-0.0095
	-0.0106

	　
	t-Stats
	-1.3548
	-2.1267
	-11.3207
	-12.2731
	-20.4035

	　
	RW
	-0.0084
	-0.0115
	-0.0045
	-0.0049
	-0.0047

	　
	t-Stats
	-1.2545
	-1.5913
	-10.2893
	-12.9693
	-10.2022

	　
	RW-RL
	-0.0012
	0.0007
	0.0032
	0.0046
	0.0043

	　
	t-Stats
	-0.8490
	0.3698
	3.5499
	5.6632
	6.0330


[image: image3.emf]EXHIBIT 1A - Momentum on Stocks
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[image: image4.emf]EXHIBIT 1B - Winner Portfolio and Log Returns on Stocks
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[image: image5.emf]EXHIBIT 1C - Loser Portfolio and Log Returns on Stocks
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[image: image6.emf]EXHIBIT 2A - Momentum on Warrants

-0.2000

-0.1500

-0.1000

-0.0500

0.0000

0.0500

K=1K=5K=10K=20K=30K=40K=50K=100K=150K=200K=250

Holding Periods

Returns

J1

J5

J10

J15

J20


[image: image7.emf]EXHIBIT 2B - Winner Portfolio and Log Return on Warrants
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[image: image8.emf]EXHIBIT 2C - Loser Portfolio and Log Return on Warrants
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[image: image9.emf]EXHIBIT 3A -  Warrants Momentum Log Return on Stocks Portfolio
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[image: image10.emf]EXHIBIT 3B - Warrants Log Return on Stock Portfolio Winners
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[image: image11.emf]EXHIBIT 3C - Warrants Log Return on Stock Portfolio Losers 
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� Amihud, Lauterbach and Mendelson (2002) reported that traders joining the market ended up with some surplus
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