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Abstract

For nearly three decades, scientific studies have explored momentum investing strategies and
observed stable excess returns in various financial markets. However, the trading strategies
typically analyzed in such research are not accessible to individual investors due to short
selling constraints, nor are they profitable due to high trading costs. Incorporating these
constraints, we explore a simplified momentum trading strategy that only exploits excess
returns from topside momentum for a small number of individual stocks. Building on US data
from the New York Stock Exchange from July 1991 to December 2010, we analyze whether
such a simplified momentum strategy outperforms the benchmark after factoring in realistic
transaction costs and risks. We find that the strategy can indeed work for individual investors
with initial investment amounts of at least $5,000. In further attempts to improve this practical
trading strategy, we analyze an overlapping momentum trading strategy consisting of a more
frequent trading of a smaller number of “winner” stocks. We find that increasing the trading
frequency initially increases the risk-adjusted returns of these portfolios up to an optimal
point, after which excessive transaction costs begin to dominate the scene. In a calibration
study, we find that, depending on the initial investment amount of the portfolio, the optimal
momentum trading frequency ranges from bi-yearly to monthly.
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1. Introduction

Researchers have been writing about momentum trading since the 1990s. In their original
work, Jegadeesh and Titman (1993) found that buying (shorting) the 10% best (worst)
performing stocks from the previous 3, 6, 9, and 12 months can result in abnormal profits of
approximately 1% per month after holding each portfolio for 3, 6, 9, or 12 months. Other
empirical research finds the same results in various markets around the world with
Rouwenhorst (1998) finding profits in 12 European countries, profits in emerging markets
(Cakici, Fabozzi, & Tan, 2013; Rouwenhorst, 1999), and positive returns in 31 of 39
international markets (Griffin, Ji, & Martin, 2003). Asness, Moskowitz, and Pedersen (2013)
evaluate momentum jointly across eight various markets and find consistent momentum
return premia across all evaluated markets. Fama and French’s three-factor model (1993)
cannot sufficiently explain the continuation of short-term returns found in the United States
(Jegadeesh & Titman, 1993; 2001). They later describe the abnormal returns yielded by
momentum strategies as the “premiere anomaly” of their three-factor model (Fama & French,
2008). Unfortunately for individual investors, momentum investing, as originally outlined by
Jegadeesh and Titman (1993), assumes a zero-cost trading strategy, which omits various
market frictions, such as transaction costs, bid-ask spreads, and short-selling constraints.
Carhart (1997) concludes that momentum trading, as proposed by Jegadeesh and Titman

(1993), becomes unprofitable after factoring in such trading costs.

Although the theory of momentum investing is well documented in literature, the body of
applied research as it pertains to individual investors is relatively small. Rey and Schmid
(2007) use Swiss data to show that investors could earn profits up to 44% annually by buying
the top performer in the SMI and selling short the worst performer in the same formation
period. In the US market, Ammann, Moellenbeck, and Schmid (2011) find significant

abnormal monthly returns of 1.16% to 2.05% by buying the single best performing stock in
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the S&P 100 and shorting the index. Additionally, Siganos (2010) concedes that it would be
too costly for retail investors “to buy/sell short hundreds of stocks” and employs U.K. data for
the top and bottom 1-50 best and worst performers. Siganos concludes that after accounting
for transaction costs and risk that small investors (with portfolios ranging from £5,000 to
£1,000,000) can exploit the momentum effect with only a limited number of stocks.
Furthermore, this work finds evidence that momentum profits increase as the number of

stocks in the portfolio decreases (Siganos, 2007).

These works lay an encouraging foundation for small investors and a solid framework for our
analysis. However, these papers imply that private investors have the capability to short
stocks in their portfolio.! Momentum trading, as proposed by previous literature, exposes
investors to unlimited downside risk by short selling uncovered positions in their portfolios.
Moreover, private investors would have to contend with additional “hard to borrow” fees.?
Margin risk is also something that accompanies short selling and should be only engaged by
very knowledgeable investors who understand the risks involved.® Thus, this paper examines

the feasibility of private investors profiting from buying long only the “winner” portfolio.*

Individual investors do not have many opportunities to consistently outperform the
benchmark. Research shows that in the nearly $12 trillion mutual fund industry, only 0.6% of
all mutual funds outperformed the benchmark after accounting for risks, expenses, and
management fees (Wermers, Barras, & Scaillet, 2010). Even if mutual funds that beat the

benchmark exist, the question remains: How would an individual investor choose the correct

1 Although it is unclear how many investors have the option to short stocks in their account, Barber and Odean
(2009) show that only 0.29% of all individual investors took short positions in their portfolio.

2 |f a customer has shorted a stock, the clearing firm has to borrow it in order to deliver it to the buyer. When
there is a huge demand to short a stock and there is a shortage of shares to borrow, holders of long stock can
charge potentially very high rates to borrow stock.

3 Margin requirements for small and microcap stocks are often much higher than the standard 30-50% margin
requirement.

4 According to Jegadeesh and Titman’s (1993) and Grinblatt and Moskowitz’s (2004) findings, the abnormal
performance of momentum trading is mainly due to the winner portfolio rather than the loser portfolio.



over performing mutual fund? Answering this question is far beyond most individual

investor’s capacity.

Recently, a handful of mutual funds based on the momentum effect have become available to
individual investors. The most notable mutual fund family that uses stock price momentum is
AQR Capital Management. The Momentum Fund (Symbol AMOMX), started in 2009, is the
largest AQR fund, with assets of nearly $1 billion. According to the fund’s website, the
portfolio is rebalanced at least quarterly (AQR Funds, 2011) and management always buys
the top one-third of the best performing stocks on the Russell 1000 Index (which also
incorporates the “buying the winners only” strategy), based on the returns of the previous 12
months. Unfortunately, this fund currently has a high entry barrier for individual investors,

seeing that it requires a minimum initial investment of $5,000,000.

The good news for individual investors about momentum trading is that the strategy requires
very little knowledge of investing (Siganos, 2010) and only a small time commitment to
research the previous winners, which can easily be done on the Internet. According to
Goetzmann and Kumar (2008), 79.99% of all the households in their analysis traded
individual stocks at least once. Moreover, today’s trading environment allows investors to
trade stocks in their accounts for less cost.® Investors can now choose which type of buy
(market orders, on the open, on the close) and sell orders (stop loss, trailing stop loss) they
would like at the beginning and end of each holding period.® Finally, all investors have the
option to “reinvest all dividends” at no additional cost when they buy stocks, eliminating the
cost of holding cash earned on dividends. The details on how and when individuals can easily
execute this strategy at the beginning and end of each holding period are outlined in the data

and methodology section.

5 As of June 16, 2011 the costs of trading a stock averaged $8.77 per trade at five of the largest US discount
brokers (Fidelity $7.95, Schwab $8.95, Scott Trade $7, E-Trade $9.95, TD Ameritrade $9.99).

6 On the first day of the holding period, investors can place “good ‘til canceled” stop loss or trailing stop orders
for an amount or percentage loss that remain open up to 120 days.



The remainder of this paper analyzes the momentum returns of the top performing 1-50 stocks
traded on the New York Stock Exchange from July 1, 1991 to December 31, 2010 and finds
numerous opportunities for individual investors, with initial investments ranging from $5,000
to $1,000,000, to outperform the benchmark after accounting for transaction costs and risk.
This is not the first paper to investigate the profit potential of momentum trading for
individual investors after factoring in costs and risks. However, after investigating the initial
gross momentum returns, we notice higher returns in the smaller portfolios, that is, those with
fewer than 10 stocks, coupled with higher portfolio volatility. Based on this finding, this paper
adds to the current body of literature by introducing increased momentum trading frequencies
in order to reduce the volatility of the portfolio returns while capturing the higher average
returns possible in the portfolios consisting of a small number of “winner” stocks. The trade-
off between the reduced volatility of these returns and the reduced portfolio performance due
to the higher transaction costs is evaluated. We find evidence that buying the smaller
overlapping portfolios consisting of the top five to eight best performers of the six-month
formation period on a bi-yearly to monthly basis results in larger risk-adjusted returns
compared to buying a larger portfolio consisting of 20-50 stocks one time per year. We
conclude that each initial investment amount has a different optimal trading frequency, the
point yielding the highest Sharpe ratio against the benchmark, at which the trade-off is the

greatest, ranging from bi-yearly to monthly trading.

2. Data and Methodology

For this analysis, all equities traded on the New York Stock Exchange (NYSE) as of
November 23, 2011 were included in the original data set. All stock information was collected
from July 1, 1991 to December 31, 2010 using Thomson Reuters Datastream. Both delisted
and active NYSE stocks were included in this sample to avoid any survivorship bias. The total

number of stocks in our original sample ranged from 1,786 to 3,121 with an average of 2,286
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stocks each month. All stocks were included in the initial analysis, even those that traded for
less than $5. However, for the analysis highlighted in this paper, we eliminated all stocks with
a market capitalization (MV in Datastream) less than $20 million on the first day of the
holding period. This filter primarily eliminates the potentially illiquid stocks that have
extremely high bid and ask spreads. It also prevents an individual with a million dollar
portfolio from potentially owning over 5% of all outstanding shares, thus avoiding the need to
file Schedule 13D with the Securities and Exchange Commission (SEC).” Adding this filter
slightly decreases the overall gross returns of each portfolio, though it does not have a
significant impact on the overall results. After applying the market capitalization filter, the

size of the data set is an average of 2,102 stocks per month, with a range of 1,722 to 2,589.

For the analysis, a six-month formation period (-5 to 0 months) is implemented, using the
daily closing prices of each stock on the first trading day in the formation period and the last
trading day of the formation period. For example, the formation period starting in February
would run from the closing stock prices on February 1 to the closing prices on July 31,
providing both were valid trading days. Each stock would be ranked by its formation period
(six-month) performance, from best to worst.® The total return (RI in Datastream) for each
stock was used in order to fully reflect dividends.® After ranking each stock, equally weighted
portfolios were formed that contained the best (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50)

performing stocks in the formation period.

We established a 12-month holding period and bought each stock at the closing price on the

first trading day of the period. At the end of the 12-month holding period, all stocks were sold

7 When a person or group of persons acquires beneficial ownership of more than 5% of a voting class of a
company’s equity securities registered under Section 12 of the Securities Exchange Act of 1934, they are
required to file a Schedule 13D with the SEC. Viewed on 08.04.2014. http://www.sec.gov/answers/sched13.htm
8 Companies that become delisted during the formation period were assigned a return of 0%, which is consistent
with Agyei-Ampomah (2007) and Siganos (2010). However, no delisted stocks made it into any of the winner
portfolios during the analyzed period.

% As previously mentioned, investors can opt to fully reinvest dividends when buying each stock. This is a free
service at most discount brokers in the United States.



at the closing price on the last trading day of the period. For example, the holding period
would begin at the closing price on August 1 and all stocks would be held until the closing
price on July 31 the following year (given that both are valid trading days). The intuition
behind this is that individuals realistically would be able to turnover their portfolio in one
sitting. For instance, an investor could place “sell at the close” orders on the last day of the
holding period, calculate previous returns of the formation period after the market closes, and
set up his or her trades using the proceeds from the sales to place “buy at the close” orders on
the next trading day.° Proceeds from sold stocks are immediately available to purchase new
stocks at most discount brokers, thus avoiding the otherwise T+3 settlement days for funds to

become available.

The overall return of each time period was calculated by averaging the performance of all
stocks in each portfolio. Over multiple time periods, the average annual total return
(geometric mean) of each portfolio was calculated in order to reach the gross returns, as
prescribed by the SEC for all U.S. mutual funds.** Later in our analysis, these returns and
their respective trading costs were applied to nine different portfolio sizes with initial
investments ranging from $5,000 to $1,000,000. The returns after all applicable transaction

costs are applied are shown in the risk analysis section.
3. Empirical Findings
3.1 Gross Returns

For gross returns unadjusted for costs, we calculate the overall performance of each portfolio

from holding periods starting in January 1992 and lasting until December 2010.

10 Investors in the United States can set up “buy at the close” and “sell at the close” orders for no additional
charge.
11 SEC website viewed 08.02.2012 http://www.sec.gov/rules/final/33-7512f. htm#E12E2



Table 1: Gross Momentum Returns, Unadjusted for Costs (% per Month)

Portfolio Size spso0 | 1 | 2 | 3 | 4 | 5 | 6 | 7
Jan 1992-Dec 2010 | 0.63 115  2.68%* 204%x% g5sex 3 04%k% 304wk 3 Q7eR
Max 523 13500 7743 5505 4110 3362 2857  25.60
Min 38 714 684 -655 650 -641 620  -6.33
Median 099 078 245 337 303 348 349 355
Monthly St Dev. 006 070 044 034 029 024 022  0.20
Correlation NA 020 026 029 033 038 040 040
OutperformSP500 | NA  49%  64%  64%  68%  73%  73%  74%
Sub-periods

1992-2000 124 153 314 304 306 341 346 330
2001-2009 006 079 223 284 283 269 264 284
2007-2008 158  -432 431 -383 360 -342 322 301

1992-2006, 09-10 0.95 2.23 4.16 4.31 4.24 4.30 4.24 4.20

Portfolio Size 8 | o | 10 | 153 | 20 | 30 | 4 | 50

Jan 1992-Dec 2010 | 3.06%*% 2.Q1%%* .goswx pE4wsk D 3gkex D guRk D J0Rek D 13w
Max 2350 2372 2127 1680 1394 1113 1041  9.70

Min 620 594 58 573 553 507 518  -485
Median 340 353 332 308 304 285 276 276

Monthly St Dev. 019 018 017 014 012 011 010  0.10

Correlation 043 045 046 051 055 062 064  0.65

Outperform SP500 | 74%  74%  75%  73%  76%  78%  78%  77%
Sub-periods

1992-2000 336 320 308 272 252 260 254 253
2001-2009 277 264 257 236 221 197 18 174
2007-2008 281 270 271 242 217 206 212 212

1992-2006, 09-10 4.14 3.93 3.81 3.40 3.12 3.00 2.92 2.83

Note: For the analysis, a six-month formation period (-5 to 0 months) is implemented, ranking each stock by its
formation period (six-month) performance, from best to worst. After ranking each stock, equally weighted
portfolios were formed that contained the best (1, 2, 3, 4,5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50) performing stocks
in the formation period. We established a 12-month holding period and the overall return of each time period
was calculated by averaging the performance of all stocks in each portfolio. Over multiple time periods, the
average annual total return (geometric mean) of each portfolio was calculated in order to reach the monthly gross
returns. Correlation is between each portfolio and the S&P 500. "Outperform S&P 500" means the percentage of
months where each portfolio outperforms the S&P 500 benchmark. Statistical significance of the overall returns
is given by two sample parametric t-tests comparing the returns of each portfolio with the S&P 500.

* Significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.

The results in Table 1 show that all portfolios, on average, outperform the S&P 500
benchmark by 0.52%-2.44% per month.1? Consistent with Siganos (2007), larger momentum

profits were primarily seen in the smaller portfolios. However, the portfolio containing the

2 The S&P 500 was used as the benchmark in this analysis as it the most commonly used benchmark for U.S.
stocks. We also ran the risk analysis against the Willshire 5000 Index, arguably a more comparable benchmark,
and found similar results.
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best performing stock performed the worst out of all portfolios (1.15%), which is inconsistent
with the findings of Ammann, Moellenback, and Schmid (2011) and with those of Rey and
Schmid (2007). Overall portfolio performance gradually increases until it reaches the highest
performance, 3.07% per month, in the top seven stock portfolio. The returns then decrease as
the portfolio holds more stocks. Regardless, the top 50 stock portfolio still outperformed the

S&P 500 by 1.50% per month in the overall sample period.

Gross returns were divided into two equal sub-periods, January 1992 to December 2000 and
January 2001 to December 2009. Each sub-period appears to consistently outperform the S&P
500 in both categories. However, momentum trading clearly struggled during the financial
crisis of 2007 and 2008, incurring heavy losses and faring much worse than the S&P 500. In
this period, all portfolios underperformed the S&P 500 by 0.54% in the top 50 portfolio, and
by as much as 2.74% per month in the one stock portfolio. These findings are consistent with
Andrikopoulos, Clunie, and Siganos (2013), who find no evidence of momentum returns
during a similar period, February 2007 to February 2010, in the U.K. market. In hindsight, it
would have been more profitable to either stay in cash or seek an alternative trading
strategy.®> We hope that these findings inspire further research into whether it is possible to
capture reliable ex-ante cues from the formation period data that can inform investors as to
whether they should continue with the momentum strategy or opt for an alternative trading

strategy for those holding periods.
3.2 Transaction Costs

To more accurately analyze the true profitability of momentum trading, all applicable
transaction costs are applied to each portfolio. At the beginning and end of each holding

period, a flat $10 commission per trade was factored in for each buy and sell order.

13 Daniel and Moskowitz (2013) find that in extreme market environments, the loser portfolio provides a high
premium, while the winner portfolio returns are minimal following large market declines.



The bid and ask spreads were also taken into account for each stock. The actual bid and ask
spreads for the stocks were available only from April 2006 to December 2010. Therefore, we
implemented averaged bid and ask spreads based on the market capitalization of each stock,
using the bid/ask spread averages from small, mid, and large cap stocks listed on the NYSE in
1998 (Bessimbinder, 2003). Specifically, for all stocks with a market capitalization under
$215.6 million we assume a 0.750% half spread on both the buy and sell order each period. A
half spread of 0.497% was used for stocks with market capitalization between $215.7 and
$11,365.8 million. All stocks with a market capitalization greater than $11,365.8 million were
given a half spread of 0.212%.* For the top 50 performers over the 18-year sample period,
31% of the stocks were classified as small capitalization, 65% were mid-capitalization, and
4% were large capitalization. Although the lack of actual bid and ask data was not ideal, the
current market is so heavily traded that every stock ranked in the top 10 best performing
stocks for all 12 formation periods in 2010 had an average bid and ask spread of $.01,
providing a more favorable trading environment for investors seeking to implement this

strategy in the future.

Finally, a nominal “Securities and Exchange Commission (SEC) Fee” for every sale of a
stock was included at its rate, prior to December 28, 2001, 0.003333% of the total amount

sold.*®

14 These assumptions are supported by the available bid/ask spread data from April 2006 to December 2010.
During this time span, the average actual small cap stock posted a half bid/ask spread of 0.65%, which is slightly
less than our assumed average. The mid cap and large cap stocks posted significantly lower actual bid/ask half
spreads, 0.19% and 0.10%, respectively. As a robustness check, we ran the analysis with the actual spreads of
the relevant stocks for this period and found no systematic difference from the results in our base scenario with
fixed spreads for small, mid, and large caps.

15 Section 31 of the Securities Exchange Act of 1934 states that, “self-regulatory organizations (SROs) such as
the Financial Industry Regulatory Authority (FINRA) and all of the national securities exchanges (including the
New York Stock Exchange) must pay transaction fees to the SEC based on the volume of securities sold on their
markets. These fees recover the costs incurred by the government, including the SEC, for supervising and
regulating the securities markets and securities professionals.” Viewed on 05.03.2014 on at
http://www.sec.gov/answers/sec31.htm.
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To maintain an equally weighted portfolio at the beginning of each holding period, all
portfolios were rebalanced at the end of the previous holding period. Therefore, at the end of
the holding period, the full $10 commission for each stock, the other half bid/ask spread, and
the SEC selling fee were added to the full amount of the sell order of each stock. In summary,

the overall costs, o, to implement a 12-month momentum strategy are:

0 =2x*c)+ (2*055)+ f 1)

Where c is the sales commission, s is the bid/ask spread, and f is the SEC sales fee.

These transaction costs are applied to nine different initial investment amounts ranging from

$5,000 up to $1,000,000 in order to reflect the feasibility and effects on performance.

Table 2 shows the net monthly returns after applying transaction costs. With a trading
frequency of only once per year, all (except one) portfolios continued to outperform the S&P
500.16 Yearly traded portfolios containing the top five to eight stocks continue to generate the
highest gross returns, ranging from 2.66% to 2.96% per month. No expenses were added to

the S&P 500 benchmark in this section, which further strengthens the results.

16 The top 50 stock portfolio with an initial amount of $5,000 underperformed the S&P 500 by 0.39% per month.
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Table 2: Net Monthly Momentum Returns After Adding Transaction Costs (%) Full Turnover; Yearly Trading Frequency

S&P 500 Return: 0.63

mitial $f#stocks | 1 [ 2 | 3 | a4 | s | 6 | 7 | 8 | o | 10 15 20 30 40 50

$ 5000 | 1.O7 252%%% 2.71%%% 2.67%%% 274%%% 2.70%%% 2.60%%% 2.66%%* 247 234%** 180%** 154%* 111 067 024
$ 10,000 | 109 2.57%%% 277%%% 2.76%kx 2.84%xk 2.82%kk 2gRREx D GLRRK 2EEFEK DEFERR 2 1G%RX 1 QIREx 1 EEFOK L AQRRE 1 15%*
$ 15000 | 110 2.58%%% 270%%% 2.78%kx 287Rx% 28F%Rk 2BTREX 2BERRE 2T0FK 260%KE 2.26%F% 2.03%F% 183FRF 1 G4RRE 1 AR
$ 30,000 | 111 2.60%*% 2.81%%% 2.81%%% 2.91%*% 2Q0%%* 2.02%% 2QLF** 2TEFE% 2G6%FF 2.35%Rk 2IGwEx OLRKK ] GTRRE ] T4xRx
$ 50,000 | 111 2.60%*% 2.82%%% 2.82%%% 2.02%%% 2QIewk 2.Q4rex 2QFexk DTGEEK D EGERE 23GRRE 2Q0FEX 208FF 1 Q7ERE ] GErEX
$ 100,000 | LI1 2.61%%* 2.83%%% 2.83%%% 203%%% 2.pwkx 2Q5kkx 2Q5xRk D GURRE 270%RX DALREK 2Fwk 1Rk 2 04RRx ] gEEE
$ 250,000 | 112 2.61%%% 2.83%%% 2,835k 204%%k 2.03%kx 20GRK 206%RE 2BLERE 27INRK DAZREK 2GRkk 2 1GERE 20BNRX ,00%EF
$ 500,000 | 112 2.61%%*% 2.83%%% 2.84%%% 204%%% 2.03%kx 2QGFK 2QB%RE QBLERE 272RK DAJRER D2GRRR Q1THRE 20QRRX (2R
$ 1,000,000 | 112 2.61%%% 2.83%%% 2.84%%% 204%%% 2.03%kx 2QGFK 2QBFRE QBLERE 2T2NRK DALRER DOERRR 1GERE 2 10NRX ,02%E

Note: Full turnover applies the commission ($10 per stock) and half bid/ask spread at the beginning of each holding period. At the end of the holding period, the full
turnover applies the full commission for each stock, the other half bid/ask spread and the SEC selling fee on the full amount of the sell order of each stock. Statistical
significance is given by two sample parametric t-tests comparing the returns of each portfolio with the S&P 500.

* Significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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3.3 Real Turnover

It is possible that, when turning over the portfolio from one holding period to the next, an
individual stock could remain in the portfolio. In this case, the overall portfolio would still
need to be rebalanced, requiring a buy or sell order for a fraction of this stock position, in
order to maintain an equally weighted portfolio at the beginning of each holding period. Thus,
one $10 commission would still be applied for each stock. However, the second commission
of $10 is saved in this instance as only one transaction is needed for the adjustment.
Moreover, as only a fraction of the stock position would be bought or sold for rebalancing
purposes, the negative consequences of the bid/ask spread are mostly waived, thereby further
reducing the overall transaction fees. We make these adjustments so as to reflect the real-
world situation as accurately as possible, even though comparing Table 3 (real turnover) with
Table 2 (full turnover) shows that the performance effect is negligible. Nevertheless, we

consider the real turnover in all analyses that follow.
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Table 3: Net Monthly Momentum Returns After Adding Transaction Costs (%) Real Turnover; Yearly Trading Frequency
S&P 500 Return: 0.63

itial$stocks | 1 | 2 [ 3 | 4 [ s | 6 | 7 | 8 | 9o | 10 | 15 | 20 | 30 [ 40 | s0
$5,000 107 2.52%%% 271%%% 2.68%%% 2.74%%% 270%% 2.60%%* 266%% 248%*% 235%+% 1890 155%% 111* 068 025
$10,000 110 25740k 2774k 76X 284%Kx 282%Kx DBFNN GINHK 2EHNRK 25F0RK 21THRx 1QIRRX 1 GERNX 1AQRHR 115w
$15,000 110 2.58%%% 280%%  279%%%  288%kx 28G%K% 2.88%% 286Xk 271%kK 2B0MKK 226%K% 203FK* 18I 1 GANRK 1ABHR
$30,000 111 2.60%% 2.82%0% 28I%%* 2.Q1%kx 200%*% 2.02%%% 2Q1%k 276%k% 2BEFK 235%Kx 2AGRRK 201NN 1 8ERHK 174%kx
$50,000 111 2.60%% 2.82%k% 2.82%%%  2.00%kx 2QQRKX DQANNX QUNRR QTGRK DEQRRR 23QWKx D0RRE 20N 1 QTARK 1 8GR
$100,000 | 102 261%%% 2.83%%% 283kx 2.03%%% 203Nk 2Q5NRK 2QBRKK DGORRK DTORKK DATRNX DOFNRK Q14NKK 204%Kx 1 95RR*
$250,000 | 102 261%%% 2.84%%%  28A%KK  DQ4%N* QTR 2QENRK 2QGRKK DBIRRY DTDRRE DATRRX DOBRHR 2ITHRK 208K 2.00%A*
$500,000 | 102 261%K% 2.84%K%  28A%KK Q4NN DQANHR DOENRK 2QGRKK DE2RRK DTDRRK DAANRE DOBRR 21GHHK 210%K% 2.02%%%
$1,000000 | 112 2.61%%* 284%F% D8ARKY  QUNYRK DQURRX DGTRRY DOERRX DEPRRK DTPNRR DALNRK DOTHRX DGRRK DITRAX D OGHEH

Note: Net monthly momentum returns, reflecting the real portfolio returns for those stocks remaining in each portfolio from one holding period to the next. Thus, a

commission of $10 is saved in this instance as a new stock is not required to be purchased for the next holding period. Moreover, as only a fraction of the stock holding
would be sold for rebalancing purposes, the negative consequences of the bid/ask spread would be waived, thereby further reducing the overall transaction fees.
Statistical significance is given by two sample parametric t-tests comparing the returns of each portfolio with the S&P 500.
* Significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.

Net Monthly Momentum Returns after Transaction Costs (in %)
Yeary Trading Frequency - Real Tumover

0 10 20 30 40 50
Number of Stocks in Portfolio

Initial Portfolio Amount

— 55,000 ——=-§$10.000 - $15000 — — $30.000
— —-5§50,000 ——— $100,000 - - - $250,000----- $500,00
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3.4 Risk Factors

This section applies the net monthly results from the previous section to various risk factors in
order to determine if these returns continue to outperform the benchmark after factoring in
risk. The capital asset pricing model (Sharpe, 1964) and the Fama-French three factor model
(1993) are applied to the net monthly returns of each portfolio in order to test against

systematic risk.

For the capital asset pricing model (CAPM), overlapping data were used in the sample set. A
majority of recent finance literature employs overlapping data (Harri & Brorsen, 2009),
although there is no consensus on which type of data are less biased. To control for the
autocorrelation of the overlapping data, the Newey-West (1987) estimator with an 11-month

lag was applied. For our estimation, we use the following equation:

where “R;” is the risk free rate from French’s Data Library, “Nr” is the net monthly return,

and “K,,,” is the performance of the S&P 500.
For the Fama-French three factor model, we use the following regression:
Nr—R; = B(Km — Rf) + bs * SMB + b, x HML + « (3)

where “R¢” is the yearly risk free rate. The high minus low book to market ratio (HML) and

small minus big (SMB) data are from Kenneth French’s Data Library.

Tables 4 and 5 show the results for the monthly alpha for each portfolio traded one time per
year. In the CAPM and Fama-French models, all one-stock portfolios have a zero and slightly

negative alpha, respectively. Additionally, the $5,000 portfolios consisting of 40 and 50
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stocks post a negative alpha. All other portfolios alphas indicate a statistically significant
abnormal profit after factoring in risk using the capital asset pricing model and the Fama-
French three-factor model. The highest statistically significant alphas in the yearly traded
capital asset pricing and the Fama-French three-factor model were observed in the top five to

eight stock portfolios.
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Table 4: Capital Asset Pricing Model - Monthly Alpha "a™ (in %)

1X Year 1 | 2 ] 3 | 4 | 5 | 6 | 7] 8 | 9o | 10 ] 153 ] 20 | 30 | 4 | =0

$5,000| -0.06 1.30*** 1.52*%** 150*** 1.56*** 156*** 158*** 157*** 143*** 133** 100*** 0.72*** 0.32** -0.11  -0.54***

$10,000| -0.03  1.34*** 157*** 158** 165*%** 1.67** 1.70*** 170*** 158*%%* 150*** 125*** 105*** 0.83*** 0.61*** 0.39***
$15,000| -0.02 1.35*** 1.58*** 1.60*** 1.68*** 1.70*** 1.74*** 174** 163*** 155*** 133*** 116*** 1.00%** 0.83*** 0.68***
$30,000| -0.02 1.37*** 1.61*** 1.63*** 171%%* 173%* 178> 178%* 168** 1.61** 141** 127** 116*** 1.05*** 1.06***
$50,000| -0.01 1.38*** 1.62*** 1.63*** 172*%* 175** 180*** 1.80*** 1.69*** 1.63*** 144*** 131** 123%* 113*** 1.06***
$100,000| -0.01  1.38*** 1.62*** 1.64*** 173%* 1.76*** 181*** 182*%** 171*%* 1.64*** 147%** 134%%* 127 119%** 113***
$250,000| 0.00 1.38*** 1.63*** 1.64*** 173%%* 1.76*** 1.82*** 182*%** 172%* 1.65*** 148*** 136*** 130%** 1.23** 118***
$500,000| 0.00 1.38*** 1.63*** 1.64*** 173%%* 1.76*** 1.82*** 183*** 172%* 1.66*** 148*** 136*** 131*%** 124%** 120%**
$1,000,000| 0.00 1.38*** 1.63*** 1.65*%** 1.73%* 1.77** 182*** 1.83** 1.73%* 1.66*** 148> 137** 131*** 125%** 120***

* 10% statistical significance, ** 5% statistical significance, *** 1% statistical significance
To control for the autocorrelation of the overlapping data, the Newey-West (1987) estimator with an 11-month lag was applied.

We use: Nr - Rf = B(Km - Rf) + o, where "Rf" is the risk free rate from French’s Data Library, "Nr" is the net monthly real turnover portfolio returns, and "Km" is the
performance of the S&P 500.

Monthly Alpha "a" Statistical Significance (Newey-West Estimator, 11-Month Lag)
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Table 5: Fama French Three Factor Model - Monthly Alpha "a'" (in %)

1X Year 1 | 2 | 3 | 4 | 5 | 6 7 8 9 | 10 | 15 [ 20 | 3 | 40 | 50
$5,000 | -0.13 1.48*** 157*** 1 G1*** 1.64%F* 1 60*** 1.58%F* 154%*x [ 42%x* ] 33Fkx ] (3% (74%** (033* 009  -053%**
$10,000 | -0.10 151*** 1.63%** 1 GGFFx ] 73x* ] T0FRE ] GQFFF ] GGFFX [ 57RF* ] GQRRx ] 28%x ] (8Fkx () 83x* () F3FAX (. 41%**
$15,000 | -0.09 152%kx ] @Gr* ] TIRx ] 7ERER ] 7BFRx ] 7xk ] 7QRkx ] ik ] GERRX ] Gaak ] @kkx ] O]x* () 85FRx () OrEH
$30,000 | -0.08 1.53*kx ] G7FF* 1 T7FFRx ] 7QEER ] T7RRE ] JQRER ] TTRRR ] GREF ] GORRE ] 44%Fx ] QQFkx ] JT7RER ] Q7FRx () 9pFEH
$50,000 | -0.08 1.53**x ] E7FFF 1 T74%kx ] GOFF ] TGFRX | TQRER ] TGERX ] G(RR* ] E3FRX  JATFEF ] 3FFRx ] Fxkx ] [GERx ] O7xE*
$100,000 | -0.08 1.54%** 1 68*** 7GRk ] GlERx ] 7QREE ] GORRX ] 7QRIE ] TQRRK ] GAREE ] AQERx ] J7Rwk ] owkx ] ppkwk ] qux
$250,000 | -0.07 1.54%** 168*** 1 75%xk ] gowRx ] GORrE ] 8IRx QORI 1 70%F*  1.65%F ] 51wRx ] 3gRek ] 30Rx ] Q5kwk ] QR
$500,000 | -0.07 1.54%** 168*** 176%xk  182%*x ] 8ORrF 1 8IRx QORI 1 71%R* ] G5RF ] 5IwRx ] 3QRak ] 3 wkx ] p7Rwk ] Dk
$1,000,000 | -0.07 1.54%** 1 68**x ] 76%* 182%kx ] GOx* ] GIFrx ] QIrEx ] TIRRE ] GEFFF ] 5RRE ] 30wk ] Bpkwk ] gk ] Dok

* 10% statistical significance, ** 5% statistical significance, *** 1% statistical significance
For the Fama-French three factor model, the following regression was used: Nr-Rf= B(Km-Rf )+bs*SMB+ bv*HML+ o, where "Rf" is the yearly risk-free rate, high minus low
book to market ratio (HML) and small minus big (SMB) data are from Kenneth French’s Data Library. Similar to the capital asset pricing model, we use "Nr" to signify the net

monthly real turnover portfolio returns and "Km" to signify the performance of the S&P 500.
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4. Overlapping Momentum Trading Strategies

Tables 1 to 3 show that noticeably higher average returns were observed in the smaller
portfolios consisting of the top two to ten stocks, compared to the portfolios with 15 to 50
stocks. However, these increased returns coincide with a higher variance of returns. To
reduce the volatility of the portfolio returns, the remainder of the analysis applies six different
trading frequencies for each portfolio, varying from once per year up to monthly. This
strategy was implemented in order to investigate whether the additional trading frequencies
could decrease the volatility of the portfolio returns, while maintaining the larger returns seen
in the smaller portfolios after factoring in transaction costs. In addition to the once per year
strategy, we explore bi-yearly, tri-yearly, quarterly, bi-monthly, and monthly trading
frequencies in order to observe the effects of each trading frequency on their respective

portfolios.

An investor trying to decide how much he should buy of each stock when using an
overlapping strategy would first need to equally divide his initial investment by the number of
times he wants to trade each year, that is, his trading frequency. Then, he would equally
divide that amount by the number of stocks he would like in his portfolio. The equation of

buying power, BP, for each stock in dollars, is:

BP = (A/t) /k 4)
Where A is the initial investment amount, k is the number of stocks in the portfolio, and t is

the trading frequency per year.

For example, if an investor with an initial investment amount of $50,000 would like to buy
the top five stocks on a quarterly frequency, he would have a buying power of $2,500 for each
stock in the portfolio. Hypothetically, this investor would initially buy $12,500 ($2,500 of

each of the top five performing stocks of the previous six months) on January 1 and hold these
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stocks until December 31. He would repeat the process on April 1, July 1, and October 1 and
hold the respective portfolios for 12 months (thus selling on March 31, June 30, and
September 30, respectively). In the following year, he would sell each portfolio at the end of
each quarter and use the proceeds to buy the new portfolio. Once the strategy is fully
established, this individual will have up to 20 different stocks in his portfolio at any given

time.l’

This increase in stock holdings reduces the volatility of the overall portfolio returns while
enabling the investor to continue to enjoy the higher returns generated by the top five
performing stock portfolio.'® On the other hand, the increased trading frequency dramatically
increases trading costs. In the following sections, we analyze whether the benefits of
decreased volatility, particularly in the smaller portfolios, outweigh the negative effects of

these increased trading costs.

The effects of trading frequency on net monthly performance of the portfolio largely depends
on the initial amount in the portfolio. Unsurprisingly, portfolios with a $5,000 initial
investment were affected the most by the increased trading frequency, while the million dollar
portfolios were barely affected, decreasing from 2.96% per month traded yearly to 2.95%
traded monthly. As the trading frequency increases, the best performing portfolios remain in
the top five to eight stocks for all portfolios with an initial amount of $100,000 or more. The
smaller portfolios, which are more affected by the extra trading costs, post the highest
performance in the smaller (top two to five) stock portfolios as frequency increases. Figure 1
shows an example of the effects of various frequencies on net returns in a portfolio with an

initial investment of $15,000. The effects for all portfolios can be found in Appendix 1.

17.On the other hand, the investor could theoretically have a minimum of five different stocks in the portfolio at
any given time, if the same top performers remain in the “winner portfolio” each quarter.
18 This strategy would be compared to buying the top 20 performing stocks once a year.
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Figure 1: Net Monthly Momentum Returns After Transaction Costs (%) Real Turnover Returns Based on
Various Trading Frequencies. This figure shows the returns of a portfolio with an initial value of $15,000. The
remaining initial portfolio amounts can be found in Appendix 1.

$15,000 Initial Portfolio Amount

Net Monthly Return (in %)

0 10 20 30 40 50
Number of Stocks Per Frequency
Yearly ~ ————- Bi-Yearly = ----------- Tri-Yearly
——= Quarterly ——— Bi-Monthly ———-- Monthly

Next, we again apply the CAPM and Fama-French three-factor model to all trading
frequencies in order to examine the effects on the monthly alphas. Appendices 2 and 3 show
the monthly alphas in the CAPM and the Fama-French three-factor model for each trading
frequency. There are some slight decreases in alpha as the trading frequency increases.

However, most of these strategies maintain a statistically significant positive alpha.

Up to this point in the analysis, we have observed that excess returns exist in many of these
portfolios after factoring in costs and systematic risk. However, most individual investors are
less concerned with beta risk than they are with volatility risk. We maintain that increasing
trading frequencies will decrease the volatility of the returns as well as the idiosyncratic risk
of the portfolio. Therefore, this section determines the optimal trading frequency for each
initial investment amount based on the highest abnormal Sharpe ratio compared to the

benchmark.
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To analyze idiosyncratic risks, Sharpe ratios for each portfolio were computed and compared
against the benchmark’s Sharpe ratio in order to determine the optimal trading frequency for

each initial portfolio amount. The Sharpe ratio equation is:

Sharpe; = @ (5)

i

using the aforementioned net monthly real turnover returns “Nr”, “Rf” as the risk free rate,

and “o” as the standard deviation of the portfolio returns.

Figure 2: Abnormal Monthly Sharpe Ratios Compared to the S&P 500 Benchmark. This figure shows the
abnormal ratios of a portfolio with an initial value of $30,000 for different trading frequencies.
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$30,000 Initial Portfolio Amount

Figure 2 displays the abnormal monthly Sharpe ratios for each trading frequency compared to
the S&P 500 benchmark for a portfolio with an initial value of $30,000.%° The results indicate
that for all initial investment amounts with portfolios containing the top four to ten best
performing stocks, the abnormal Sharpe ratio increases as the trading frequency increases

(statistically significantly) from yearly to bi-yearly.?° This provides some initial evidence that

19 Again, replacing the S&P 500 with the Willshire 5000 as the benchmark makes no qualitative difference in the
analysis.
20 Abnormal Sharpe ratios for all portfolios are displayed in Appendix 4.
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as trading frequency increases, portfolio volatility decreases at a faster pace than performance.
At this point, the abnormal Sharpe ratios reach a peak and then begin to fall as the higher
transaction costs reduce performance at a faster rate than the rate of volatility reduction.
Therefore, the optimal trading frequency is largely dependent on the initial investment
amount. For example, abnormal Sharpe ratios for smaller initial investments of $10,000 and
$15,000 begin to decrease more quickly (between tri-yearly and quarterly trading), while
abnormal Sharpe ratios continue to increase up to monthly trading for the larger initial
investments of $250,000, $500,000, and $1,000,000. In robustness tests, we find similar

patterns in both sub-periods for all initial investment amounts.?*

Table 6 outlines the optimal trading frequency for each initial investment amount based on the
highest statistically significant abnormal Sharpe ratios for the top five to eight performing
stock portfolio. It is worth noting that all portfolios have a positive and statistically significant
monthly alpha in the CAPM and Fama-French three-factor model. With the exception of only
a small overlap of CAPM and Fama-French alphas in the $5,000 portfolio, we find evidence
in all other portfolios analyzed that overlapping portfolios provide higher net returns and
alphas compared to non-overlapping strategies with a similar number of stocks in the

portfolio.

2L These results are not shown, but are available on request.
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Table 6: Comparing Overlapping Portfolios to the Yearly Trading Strategy, by Initial Portfolio Amount.
The frequencies for each portfolio are based on the highest statistically significant abnormal Sharpe ratios of the
top five to eight performing stocks.

Overlapping Portfolios Yearly Strategy
Max #

Amount  Frequency | NetReturn CAPM o FF3F o Stocks Net Return  CAPM o FF3F a
$5,000 Bi-Yearly | 2.35%-2.54% 1.29-1.38 1.26-1.46| 10-16 (10-15) | 1.89%-2.35% 1.00-1.33 1.03-1.33
$10,000  Tri-Yearly | 2.50%-2.64% 1.43-1.47 1.41-1.56 | 15-24 (15-30) | 1.65%-2.17% 0.83-1.25 0.83-1.28
$15,000  Tri-Yearly | 2.66%-2.74% 1.56-1.58 1.54-1.64 | 15-24 (15-30) | 1.83%-2.26% 1.00-1.33 1.01-1.36
$30,000 Quarterly | 2.76%-2.81% 1.62-1.67 1.63-1.70 | 20-32 (20-30) | 2.01%-2.15% 1.16-1.27 1.17-1.29
$50,000 Quarterly | 2.84%-2.86% 1.67-1.73 1.70-1.75| 20-32 (20-30) | 2.08%-2.20% 1.23-1.31 1.23-1.33
$100,000 Bi-Monthly | 2.87%-2.88% 1.68-1.75 1.73-1.77 | 30-48 (30-50) | 1.95%-2.14% 1.13-1.27 1.14-1.28
$250,000 Monthly | 2.89%-2.90% 1.69-1.77 1.74-1.78| 60-96 (50) 2.00% 1.18 1.19
$500,000 Monthly | 2.92%-2.93% 1.72-1.80 1.78-1.80| 60-96 (50) 2.02% 1.20 1.21
$1,000,000 Monthly | 2.92%-2.95% 1.73-1.81 1.79-1.81| 60-96 (50) 2.03% 1.20 1.22

* Maximum number of stocks at any given time in a portfolio. The numbers in parentheses are the available
portfolio sizes used in this analysis to compare the results of the yearly trading frequency. Net monthly returns of
the real turnover portfolios are provided.

Note: All CAPM and FF3F a's in this table are significant at the 99% confidence level

5. Conclusion

This paper offers a simplified trading strategy for earning excess returns from top-side
momentum (i.e., buying only previously top performing stocks). Consistent with the U.K.
data employed by Siganos (2010), we find that it is indeed possible for individuals with initial
investment amounts of at least $5,000 to achieve profitability. After factoring in transaction
costs and risks, the highest returns and monthly alphas are obtained by buying the top five to
eight of the top performing stocks of the previous six-month holding period. Furthermore, we
find evidence that volatility decreases at a greater rate than performance as the trading
frequency increases. We conclude that, depending on the initial investment of the portfolio,

the optimal momentum trading frequency ranges from bi-yearly to monthly.

These findings provide a practical solution for individual investors looking for simple trading
strategies that generate excess returns. Moreover, we believe that more work can be done on

this topic, particularly in regard to effective “exit” trading strategies, such as stop losses and
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trailing stop losses, to achieve higher performance and less volatility, or by combining the
momentum portfolios mentioned in this paper with index funds in order to more optimally
diversify while still benefiting from the abnormal returns and positive alpha of the small

“winner” portfolios.
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Appendix 1: Net Monthly Momentum Returns After Transaction Costs (%) Real Turnover Returns Based on Various Trading Frequencies and Initial Portfolio Amounts.
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Appendix 2: Capital Asset Pricing Model - Monthly Alpha "e" (in %) by Trading Frequency

0|

|3o

1X Year 1 2 3 4 5 6 7 8 10 15 20 40 50
$5,000 -0.06  1.30*%**  1.52*%**  150***  156***  1.56***  158***  157FF*  143%* 133 1.00%** 0.72%** 0.32* -0.11 -0.54%**
$10,000 -0.03  1.34%F*  157F*  158%F  1.65%** 167 170*** 17 158%* 1.50%* 1.25%** 1.05%** 0.83*** 0.61*** 0.39**
$15,000 -0.02  1.35%F*  158%*  1.60***  1.68%**  1.70%**  1.74%*  174%* 1.63%F*  1.55%* 1.33%** 1.16%** 1.00%** 0.83*** 0.68***
$30,000 -0.02  1.37%F* 1LG1MA*F 1.63%F 171 173 178%Fx  178%F*  1.68%*F  1.61%* 1.41%** 1.27*** 1.16%** 1.05%** 1.06***
$50,000 -0.01  1.38***  1.62%**  1.63%*  1.72% 175 1.80***  1.80***  1.69%**  1.63*** 1.44%** 1.31%** 1.23%** 1.13%** 1.06***
$100,000 -0.01  1.38%**  1.62%F*  1.64%F  173% 176%* 181 1.82%F* LTI 1.64%* 1.47%** 1.34%** 1.27%** 1.19%** 1.13%**
$250,000 0.00  1.38***  1.63***  1.64**F* 173 LT76**F 1.82%%F  1.82%%* 1 72%**  1.65%** 1.48*** 1.36*** 1.30%** 1.23%** 1.18***
$500,000 0.00  1.38***  1.63***  1.64***  1.69%*  176%**  1.82%**  1.83*F**  172%F*  1.66™** 1.48*** 1.36*** 1.31%** 1.24%** 1.20%**
$1,000,000 0.00  1.38***  1.63*%**  1.65*%*F* 173K 177N 1.82%  1.83FF LT3R 1.66*** 1.48*** 1.37%** 1.31%** 1.25%** 1.20%**

* 10% statistical significance, ** 5% statistical significance, *** 1% statistical significance.
To control for the autocorrelation of the overlapping data, the Newey-West (1987) estimator with an 11-month lag was applied.

We use: Nr - Rf = B(Km - Rf) + o, where "Rf" is the risk-free rate from French’s Data Library, "Nr" is the net monthly real turnover portfolio returns, and "Km"

is the performance of the S&P 500.

1|
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5|

6|

|

5|

0|

10|

15|

|30

2X Year 3 4 20 40 50
$5,000 001 123%%  140%%* 135%Rx 13g%% ] 3G%Rx ] 34%kx ] QQRRx ] ]0%kk QOBRRX 0 47*F -0.02 0.88%%%  1.94%Rx 4 G1R*x
$10,000 20.068  130%F* 1526k ] BQRRX GERAR ] G7RRx ] GgERk ] E7RRx ] 43Rk ] 3wk ] QQRa 0.72%** 0.32%% 001 -0.54%*
$15,000 20.04  1.33%F%  15GERx ] BGRRX ] oRkk ] G3RRX LETARK L GERRX 1BFRAK [ AqmRx ] 17Re 0.94%** 0.67%%%  0.38%** 0.10
$30,000 0.03  1.35eRr  15gERR L BORRX  1EBRRK  LTONRR L 74Rx L 74%Rx ] §3Rex ] BHwRx ] 3Fwa 1.16%%* 100%*%  0.83%%%  0,90%**
$50,000 0,02 L37RRX L0RRF  LE2RRX 170K LT3R L7BRRK L T78%RR L GTRRK ] BQRR ] 3gea 1.24%%% 1A3%F%  101F* 0,.90%%*
$100,000 | -0.01 L3BFFX  1E2%RX  1E3NMR L 72RRk 7GRk [ GORRX ] GOKKK L BQRRX 1B3RKK ] A4k 1.31%%* 1.23%%%  1A3FRF 1 06%*
$250,000 | -0.01 L3BFEX  LE2RRX  LBANRR 1 7FRRE LTEERR [ GLRRX 1 GRRRK [ TIRRX ] BERRR ] ATRRE 1.34%%% 128%%%  121%%% ] 15RRx
$500,000 | -0.01 L3BFFX  1E3FEX  LBANRFE L 7FREE LTEERR ] GRRE ] GIRRR | 7oRRk ] GERRR ] AGRRx 1.36%%* 130%%%  123%%x ] 1gRex
$1,000,000 | 0.00  L3BFFX  LEIFEX  LBAYRE L 7FRRE  LTTRRR [ GRRX ] GIAAR [ 7QRRE ] GEANR ] AGRRX 1.36%* e R W) B
3X Year 1 | 2 3 4 | 5 6 | 7 | 8 9 | 10 15 20 | 30 40 50
$5,000 0.6 L14F* 128%Rx  10%%%  L1Q%RX 113%% L O8%RX 0.00%F*  Q7Q%RX 0 GLRA -0.13 0.88%%%  BgEkX L OTARR 3 5gRRx
$10,000 20,08 L26FKF LAGRRE LAZRRR LATRRR LAGRRR LATRRR LAZER 28Rk 1GRRY 0 74%F% 03R4 -0.24 -0.93%%%  168%*
$15,000 0,06 1.30%K%  15%Rx  5QRRK L BERRR S7RRR ] BgRRR [ B7RRx [ AZmRx ] 3Fkex Q%R 072%F%  0,32%% -0.11 -0.54%x
$30,000 0,03 L34Fx LETROR D5gRR L EERRR ] ETRRKY L T0%RR [ 70RFY  LBGRRR [ 5QRRx 1 25%kk ] O5eex 0 83Rex  QBIRRK  040%%*
$50,000 20,02 L3EFRF LBQRR L IRAY  LEERRR L 7IRMY L 7G%RR [ 75eex ] GF%Rk [ B7R6x ] 34%k ] geex ] (FRex Q88K (73%%*
$100,000 | -0.01  L37RFX LBIRMR 1EIFRX  L7IRNK L 73Rk L7GRRR ] 7QRRR LGERRR [ BIRRX 142%A% [ 2g%Rx LIgRRR Q7R 0%k
$250,000 | -0.01  L3GFEX  LE2RE LEARRX L73FRE L 76%X  L1GINMK L BIRRX L7INMR L BARRX LAGRRY  133%Rx 126Nk 11gRex ] 10%a
$500,000 | -0.01  L3GFFX  LE3RE L EARRX  L73FRE [ 7GRN LGINNR ] g2RRx 172k [ BERRX [AGRAK [ 3G%Rx ] ogkkk kx| 7Rk
$1,000,000 | 0.00  L3BFFF  LE3FE LB4RFX L73FAE L 77RRX 1goer I 8FRX 17260 LEGRRX 1AGRRY 13G%RF 130%F 124%% 1o
4X Year 1 | 2 3 4 | 5 6 | 7 | 8 9 | 10 15 20 | 30 40 50
$5,000 0,22 LOBF* LATRRX 103%% 0.00%FF  0.89%%%  0.80%F*F  0.68%%*  0.43%* 0.21 Q0.82%K%  LT4RRE 3AZRRE A 2FFFK 4 73%k
$10,000 001 1.23%%  L40%X 135%x 1 3gRRk ] 35x ] 34%kk ] oQwex ] kR (QgRFK  (47** -0.02 (0.87FF%  L1.93%%%  .83%*
$15,000 20,07 12BFK% LABRRX 1ABRRX L BORRR L AQERx [ BIRRR ] ARRx ] 3Fmkx ]k (B3RRR (0 48RK -0.04 -0.64%x% 1 27xR*
$30,000 0,04 1.33Fx IBGRRR DBGRRx ] ERRk ] EIRAK ] E7RRN L EERRKY I BFRRR LAgRRR L I7RRR Q04%F%  QE7RFY (38K 0.08
$50,000 0,02 1.35%% LBGRRX D 5gERx ] G7RRR ] EGRRK 178k [ 73Rex [ EIRRR [ BFeex 13080k [ I2Rex 0QFRRX Q74%%%  Q57RRk
$100,000 | -0.01  L37RFX LBOKE  LE2RRX L70%K  173RRX 178K ] 78%RX  LGTANK [ BQRRX [ 3gRAk g%k 1 I3%kk QIR QKR
$250,000 | -0.01  L1.3GFFx  LG2%AR 1 E3FRX  L73Fk% |75k 1 gOrRx ] GIRRX 170K 1B3FRX 1ABRRR ] 3p%kx 1 94%mk [ 1ERe ] QgRa
$500,000 | -0.01  L3GFRX  LE3RE L EARRX L73FRE [ 7GRN 1 GoeRx I gQRRx L 7INNK [ EERRX LATRAY ] 34%kx 1 28%kk 1Rk ] 5wk
$1,000,000 | 0.00  L3BFHF  LE3IFE LEARFX L3RR L 77RRX 1goer I 8FRX 1726k IEGRRX 1AGRRY  13G%RF 130%% 123% 1 1ge
6X Year 1 | 2 3 4 | 5 6 7 8 9 | 10 15 20 | 30 40 50
$5,000 0.33  0.88%*  0.92**  0.69** 055 0.36 0.14 -0.09 043 -0.79%*  2BA%RR D74RK ABGRFX LGE0NKE g OGRR*
$10,000 0.6 LA4FRx 128%x  120%%  LIQRRR  113FRx L 0BRRF 0.99%F%  Q79%F%  0.61%% -0.13 -0.88%%%  5gERX L3 O7ANK 3 EGRRx
$15,000 W01 122%K% LAQ%X 135%x 1 3gRRR ] 35%kx [ 34%kk ] oQwex ] Rk QKK (47R%* 0.14 -0.02 0.87HK% 1. 94xx
$30,000 0,06 1.30%K%  15%Rx  15QRRK L BERRR L57RRx ] BgRRR [ B7RRx [ AZmRx ] 3Fkex Q%R Q1R 0,32%% -0.11 -0.90%**
$50,000 0,03 1.33F% LBERR L15ERRK L EINR LARRK L EERRX 1ERR*  IBGRR LATRRR 1 Q0%R%  008F%  073%Fr  Q47x%* 0.22%
$100,000 | -0.02  L136***  L5QEAR L ELRRX 1EBRE L 71RX L75Rx ] 7G%kx ] 3RR [ E7RRR ] 3qeex ] Igekx ] 03%%% 088%%  (73%%
$250,000 | -0.01  L37REX LBIRMR LEIFRX L726% [ 74%x L7QRR% L GORRE LORE L E2%RX 14ZRA 120wk 10Nk Q1R ] Q3%a
$500,000 | -0.01  L3GFEX  LE2RAR LEARRX L73F% [ 76%X 1GINR L BIRRX L7INMR L B4RRX LAGRRY 133Rx 1 2G%RR 1 1gRex ] 1o%a
$1,000,000 | -0.01  L3BFFF  LE3FAE LEARFX L3R L 76%FX LGINM  1E2ARX 1726 I BERRX 1AGRNY 13G%RX 1 Q8%RR kx| 7Ra
12X Year 1 | 2 3 4 | 5 6 7 8 9 | 10 15 20 | 30 40 50
$5,000 -0.68 0.32 0.00 W0.68%  -LA4ERE L QIRRX D1GRRR 2BBRRX LZTLANK 4AQRRX BATRRE I4B1RF* -3128%FF  36.65FF%  -37.31%%*
$10,000 0.33  0.88%*  0.92%**  0.69** 055 0.37 0.14 -0.09 043 -0.79%*  2ETRRR 4B BEERFY  24.00%%%  28.41%k*
$15,000 022 LOBFR* LATRR 103%% 099%%%  0.89%%%  0.80%F*  0.68%%*  0.43* 0.21 0.826K%  LLQIRRX L4 BERRR 728K L]0.33%%%
$30,000 001 1.23%%  L40%X 135%x 1 3gRRk ] 35x ] 34%kk ] oQwex ] kR (QgRFK  (47** -0.02 -0.88%K%  L1.93%%% D ggRRx
$50,000 20,07 12BFK* LAQERX  1ABRR* ] BFrRR ] 5FEAx [ BZ0kx ] Blekx | 37wk ] o7Rex  QQORRR 0 5gRA 0.10 “0.42%%%  1,00%%*
$100,000 | -0.03  L.33FF*  LBERMR LBERRX  LE3FMR L GARRX  LGBRRR L EBRRX  LBERMR LATRRX 1 0%%  008%FX  (73%RF  048%% 0.22%
$250,000 | -0.02  L3EFFK  LBOKE  LE2RRX LEORRE  L72%kk L77ARR L 77RRR LGERRR ] BGRRX 1 3GRAx ] p%kk ] 0QRRR Q6% (,83%%
$500,000 | -0.01  L37RRX LBIRMR LEIFRX 1726k [ 74%ex L7gR% L GORRX LORE L E2%RX 14ZRA 1 2Q%Rx 1 0%k [ Q1Rex ] Q3%a
$1,000,000 | -0.01  L3BFHF LE2ER LBARFX L73FF 1 76%X 1GINMY  LBIMRY 171NN LBAMRY LABFYY 133X 196 11gRY 1o
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Appendix 3: Fama French Three -Factor Model - Monthly Alpha “a” (in %)

ixvear | 1| 2 | 3 | a4 5 6 | 7 8 9 10 15 20 30 40 50

$5,000 |-0.13 1.48 *** 157 *** 161 *** 164 *** 159 *** 158 *** 154 *Fx 4] ¥ 133 103 ¥ 074 *** 033 -0.09 -0.54  **
$10,000 | -0.10 1.50 *** 1.63 *** 168 *** 173 *** 170 *** 169 *** 168 *** 157 *** 149 ¥+ ]28 *¥ 108 *** (.83 ** 063 ** 040 **
$15,000 |-0.09 1.562 *** 1.64 *** 171 *** 176 *** 173 ** 173 *** 72 *¥* 161 *** 155 ** 136 *** 118 *** 101 *** 085 ** 0.68 ***
$30,000 |-0.08 1.563 *** 1.66 *** 173 *** 179 *** 177 *k* 177 W 176 *** 166 *** 160 ** 143 *¥ 129 < 117 ¢* 107 MY 096
$50,000 |-0.08 1.53 *** 1.67 *** 1.68 *** 180 *** 178 *** 178 *** 78 *** 168 *** 163 *** 147 < 133 <k 123 *x 115 R (096
$100,000 | -0.08 1.54 *** 168 *** 175 *** ]g81 *** 179 *** 180 *** 179 *** 169 *** 164 ¥ 149 ¥ 136 *¥* 128 A 122 R 114 A
$250,000 | -0.08 1.54 *** 168 *** 175 *** 182 *** 179 *x* 180 *** 180 ** 170 *** 165 ** 151 < 138 <+ 130 ** 125 M 118 Fr*
$500,000 | -0.08 1.54 *** 168 *** 175 ***x 182 *** 180 *** 181 *** 180 *** 171 *** 165 ¥ 151 ¥ 138 < 131 e 126 ** 120
151,000,000 -0.08 1.54 *** 1.68 *** 175 *** 182 ***x 180 *** 181 *¥* 180 *<* 171 *FrF 165 A 152 Rk 47 Axk 132 R Q27 RAx 121 R

* 10% statistical significance, ** 5% statistical significance, *** 1% statistical significance

For the Fama French three-factor model, the following regression was used: Nr-Rf= B(Km-Rf )+bs*SMB+ bv*HML+ o, where “Rf” is the yearly risk.free rate. The high minus low book to market ratio (HML)
and small minus big (SMB) data are from Kenneth French’s Data Library. Similar to the capital asset pricing model, we use “Nr” to signify the net monthly real turnover portfolio returns and “Km?” to signify
the performance of the S&P 500.

Trading Frequency

oXxvear| 1| 2 | 3 4 5 6 7 8 9 0 | 15 20 30 w0 | o
$5,000 [-0.18 1.38 *** 146 *%% 147 wx 146 kkx 13§ ek 133 ke 126 ke 111wk 008 <% 050 <% 002 0.87 ARR 191 Rex 28D wkx
$10,000 [-0.13 1.47 *** 158 %% 16 %k 164 *xx 160 *x* 5G Rk 54 ke 142 ek 33 ek 103 ek (74 % 033 * -008 -0.53  xxx

$15,000 |-0.11 1.49 *** 161 *** 166 *** 170 *** 167 *** 166 *** 163 *** 152 ** 144 ** 120 *** 097 *** 068 ** 040 ** 011
$30,000 |-0.09 1.52 *** 1.65 *** 171 *** 176 *** 173 *** 173 <k 72 *k* 162 **+ 155 ¥ 136 < 118 *** 101 *** 086 *** 0.69 ***
$50,000 | -0.08 1.563 *** 1.66 *** 173 *** 178 *** 176 *** 177 *** 176 *** 165 **+ 159 ¥ 143 Fxx 127 <¢x 113 M* 103 M (091 R
$100,000 | -0.08 1.53 *** 1.68 *** 174 *** 180 *** 178 *** 179 *** 178 *** 168 **+ 163 ** 147 *¥ 133 *¥x 123 M 15 M 107 F**
$250,000 | -0.07 1.54 *** 168 *** 175 ***x ]81 *** 179 *** 180 *** 180 *** 169 *** 164 ¥ 150 *+ 137 *¥x 128 123 R 116 A
$500,000 | -0.07 1.54 *** 168 *** 175 *** 182 *** 180 *** 181 *** 180 *** 171 *** 165 ** 151 *¥ 138 ¥ 130 ** 125 119 Ar*
1$1,000,000] -0.07 1.54 *** 168 *** 176 *** 1.82 *** 180 *** 181 *** 180 ** 171 *** 166 *** 151 *** 139 *¥x 132 x  ]27 A 12] F**

3XYear1|2|3|4|5|6|7|8|9|10 15 20 30 40 50

$5,000 |-0.23 1.30 *** 1.34 *** 131 *** 128 *** 116 *** 107 *** 097 *** 078 *** 061 ** -0.09 -0.84 *** 257 ***x .300 *** -359 ***
$10,000 |-0.15 1.43 *** 152 *** 154 ***x JB5§ **x 149 *Frk 146 ¥ 4] ¥ 127 **+ 116 ¥+ 077 *** 039 * -0.23 -0.91  **+ 167  *M*
$15,000 | -0.13 1.47 *** 158 *** 162 *** 164 *** 160 *** 158 *** 154 ¥+ 142 *x+ 133 w03 < (074 *** 033 * -0.08 -0.53  ***

$30,000 |-0.10 1.51 *** 1.63 *** 168 *** 173 *** 170 *** 169 *** 168 *** 157 *** 150 *** 128 *** 108 *** 084 ** 063 ** 041 **
$50,000 |-0.09 1.52 *** 1.65 *** 172 *** 177 **x 174 ¥k 174 <k 73 *k* 163 **+ 156 ¥ 138 A 121 < 104 *r 090 *<* (074
$100,000 | -0.08 1.53 *** 1,67 *** 173 *** 179 *** 178 **k 178 *xx 77 ¥ 167 *** 161 ¥ 145 < 130 ** 118 *** 109 ***  (0.99
$250,000 | -0.08 1.54 *** 168 *** 175 *** 181 *** 179 ** 180 *** 179 ¥ 169 **+ 164 ¥ 149 *¥ 136 <+ 127 Mr 121 M 113 Fr*
$500,000 | -0.07 1.54 *** 168 *** 175 *** 182 *** 179 *x* 18] *** 180 ** 170 *** 165 ** 150 **+ 138 *¥* 129 *x  ]24 M 118  Fr*
151,000,000 -0.07 1.54 *** 1.68 *** 176 *** 1.82 *** 180 *** 181 *** 180 ** 171 *** 165 ** 151 Ak 139 Axk 131 A 26 R4 120

4XYearl|2|3|4|5|6|7|8|9|10|15|20|30|40 50

$5,000 |-0.29 1.22 *** 123 *** 115 *** 108 *** (093 ** 078 ** 065 * 041 0.20 -0.78 ** 175 R 294 xxk 416 KRR 628 MK
$10,000 | -0.18 1.38 *** 146 *** 147 *** 147 ***x ]38 *** 133 ¥k 27 *<x 111 *** 098 *** 050 *** 0.02 -0.87 A 2192 A*x 284 AAx
$15,000 | -0.14 1.44 *** 153 *** 157 *** ]5§ *** 153 k149 *xr 45 vk 132 k122 ¥+ 086 *** 051 ** -0.04 -0.62  *** 126 ***

$30,000 |-0.11 1.49 *** 161 *** 166 *** 170 *** 167 *** 166 *** 163 *** 152 *** 144 *** 120 ** (097 *** 068 *** 040 * 011
$50,000 |-0.08 1.52 *** 1.64 *** 170 *** 175 *** 173 **k 172 <k 70 ** 159 **+ 153 ¥k ]33 A 114 < 094 e 077 *<x (58 Ar*
$100,000 | -0.08 1.53 *** 1.66 *** 173 *** 178 *** 176 *** 177 *** 176 *** 165 **+ 159 ¥ 143 Fxx 127 <Fx 113 M 103 K (091 Fr*
$250,000 | -0.08 1.54 *** 168 *** 174 *** 181 *** 178 *** 179 < 178 *** 168 **+ 163 ** 148 ¥ 135 <¥x 125 ¢x 18 M 110 Fr*
$500,000 | -0.07 1.54 *** 168 *** 175 ***x 181 *** 179 *** 180 *** 180 *** 170 *** 164 ¥ 150 * 137 *¥x 128 123 R 116 Fr*
1$1,000,000] -0.07 1.54 *** 1.68 *** 175 *** 182 *** 180 *** 181 ** 180 ** 171 *** 165 ** 151 Fx 138 A 131 A 25 A 119 A

6XYear1|2|3|4|5|6|7|8|9|10|15|20|30|40|50

$5,000 |-0.401.05 ** 098 ** 080 * 0.63 0.39 0.13 -0.12 -0.44 -0.81  **  -1.63 F** 272 *** 462 *** 849 FN 628 *M*
$10,000 |-0.23 1.30 *** 1.34 *** 131 *** 128 *** 116 *** 107 *** 097 *** 078 ** 061 ** -0.09 -0.92 **x 256 *<** 300 **+ 358 *r*
$15,000 | -0.18 1.38 *** 146 *** 147 *** 146 *** 138 *** 133 ¥ 27 *x 111 *** 098 *** 050 ** 0.01 -0.87 *** 2191 A 284 Ahx
$30,000 | -0.13 1.47 *** 158 *** 162 *** 164 *** 160 *** 158 *** 154 *** 142 *x+ 133 *x* ]03 *** (074 *** 033 * -0.08 -0.53  ***

$50,000 |-0.10 1.50 *** 1.62 *** 168 *** 172 *** 168 *** 168 *** 165 *** 153 **+ 147 ¥ 23 F¥ 102 < (074 049 (023 Fr*
$100,000 | -0.09 1.52 *** 1,65 *** 172 *** 177 *** 174 k% 174 <k |73 k163 *** 156 ¥ 138 A 121 < 104 ** 090 ** (074
$250,000 | -0.08 1.53 *** 167 *** 174 ***x 180 *** 178 *** 178 **¥* 178 *** 167 *** 162 ** 146 ¥ 132 *¥x 121 A 113 *<x 103 A
$500,000 | -0.08 1.54 *** 168 *** 175 *** 181 *** 179 *** 180 *** 179 ¥ 169 **+ 164 ** 149 *¥ 136 <+ 127 Mr 121 M 113 Fx*
151,000,000 -0.07 1.54 *** 1.68 *** 175 *** 182 ***x 179 *** 18] *¥* 180 *<* 170 ***+ 165 150 *Fr+ 138 Ak 129 kX 24 *kx 118 Fr*

12X Year| 1 | 2 | 3 4 5 6 7 8 9 10 15 20 30 40 50

$5,000 |-0.750.48 0.06 -0.57 -1.44 <% 2190 R 227 RRR 275 AR 377 RR* 454 RRX 849 RRx L1487 R** 3141 ¢** -36.57 *RN -37.41 *M*
$10,000 |-0.39 1.05 ** 098 ** 0.80 * 0.63 0.39 0.13 -0.12 -0.42 -0.81  ** 2,67 *** 469 *r 874 ¥k 1507 KA 2449 *r*
$15,000 |-0.28 1.22 *** 123 *** 115 *** 108 ** 093 ** 078 ** 065 * 042 0.20 -0.78  ** -1.92 *** 465 *** -7.29 % 1041 *M*
$30,000 | -0.17 1.38 *** 146 *** 147 *** 146 *** 138 *** 133 *** 127 ** 111 *** 098 ** 050 ** 0.02 -0.87 *** -191 <*x -2.88 ***
$50,000 | -0.13 1.45 *** 155 *** 158 ***x ]61 *** 156 *** 153 *** 49 < 136 *r+ 127 ¥ 093 ¥ 061 *** 011 -0.42  ** 096 ***

$100,000 | -0.10 1.50 *** 1.62 *** 1.68 *** 172 *** 168 *** 168 *** 165 *** 153 *** 147 ¥+ 23 ¥ 102 *** (074 ** 049 ** 023

$250,000 | -0.08 1.53 *** 1.66 *** 173 *** 178 *** 175 ¥+ 176 *** 174 ¥ 163 **+ 158 ¥ 140 ** 124 <+ 110 ** 098 ** (084 Fr*
$500,000 | -0.08 1.563 *** 1.67 *** 174 *** 180 *** 178 *** 178 *** 178 *** 168 *** 162 ** 146 ¥ 132 *rr 121 M 113 M 103 R
161,000,000 -0.07 1.54 *** 1.68 *** 175 *** 181 ***x 179 **k 180 *¥ 179 *x 169 *FrF 164 149 Ak 136 AN 127 X 2] R 113
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Appendix 4: Abnormal Sharpe Ratios (Compared to the S&P 500) All Periods (1992-2010), Based on Initial Portfolio Amount and Trading Frequency.

5,000 1 | 2 3 4 5 6 7 3 9 10 [ 15 | 20 [ 30 40 50
Yearly [-0.05 -0.01 0.01 0.02 0.04 0.05 0.06 0.06 0.06 0.06 0.05 0.04 0.01 -0.02 -0.07
Bi-Yearly [-0.06 0.00 0.02 003 * 005 * 006 ** 0.07 ** 007 *> 006 *> 006 * 0.03 -0.02 -0.10 -0.21 ** -0.33 ***
3X Year [-0.06 0.00 003 * 004 *> 005 ** 006 ** 0.07 *>* 006 *>* 005 *> 003 ** -0.03 -0.10 -0.26 *** -0.49 *** -0.74 ***
Quarterly |-0.06 * 001 * 003 ** 0.03 ** 0.04 *** 004 *** 005 *** 004 ** 002 ** 000 * -0.09 -0.20 *** -0.50 *** -0.78 *** -1.09 ***
Bi-Monthly[-0.06 ** 0.00 ** 0.02 *** 0.01 ** 002 *** 001 ** 0.00 ** -0.02 * -0.04 -0.07 -0.26 *** -0.47 *** 090 *** -1.40 **+ -2.37 **
Monthly [-0.07 *** -0.02 ** -0.02 ** -0.06 -0.10 -0.15 *** 021 *** -0.25 *** .0.31 *** 0.39 *F** 075 Fr* 121 ** 449 *r G574 *FH NA R
10,000 1 2 3 4 5 6 7 8 9 10 15 20 30 40 50
Yearly |-0.05 -0.01 0.01 0.02 0.04 0.05 0.07 0.07 0.07 0.07 0.07 0.07 0.06 0.05 0.03
Bi-Yearly [-0.05 0.00 003 * 004 * 007 ** 0.08 ** 009 ** 009 *> 009 *> 009 ** 008 ** 0.06 * 0.03 -0.02 -0.08
3X Year [-0.05 001 * 004 *> 005 ** 0.07 ** 008 ** 010 *** 010 *** 0.09 *** 0.08 *** 0.06 *** 0.03 * -0.04 -0.12 -0.21 ***
Quarterly F0.05 * 001 * 0.04 ** 005 *** 007 *** 0.08 *** 009 *** 009 *** 0.08 *** 007 *** 0.04 ** -0.01 -0.11 -0.23 *** -0.37 ***
Bi-Monthly[-0.05 ** 0.01 ** 0.04 *** 0.04 *** 0.06 *** 0.06 *** 0.07 *** 007 *** 0.05 *** 0.04 *** -0.02 -0.10 -0.28 *** 051 *** 077 ***
Monthly [-0.06 *** 0.00 *** (.02 *** (.01 *** 002 *** 0.01 *** 0.00 *** -0.02 ** -0.04 -0.07 -0.26 -0.48 *** 091 *rx 141 *F* 237 *r*
15,000 1 2 3 4 5 6 7 8 9 10 15 20 30 40 50
Yearly |-0.05 -0.01 0.01 0.02 0.04 0.05 0.07 0.07 0.07 0.07 008 * 008 * 008 * 0.07 0.06
Bi-Yearly [-0.05 0.00 003 * 004 * 007 ** 008 ** 010 *>* 010 *> 010 ** 010 ** 0.09 *** 0.08 ** 007 ** 003 * 0.00
3X Year [-0.05 001 * 004 ** 0.05 ** 0.08 *** 009 *** 011 *** 011 *** 010 *** 0.10 *** 0.09 *** 0.07 *** 003 ** -0.02 -0.08
Quarterly F0.05 * 001 * 0.05 *** 005 *** 008 *** 0.09 *** 011 *** 0.11 *** 010 *** 009 *** 0.08 *** 0.04 *** -0.01 -0.09 -0.17 **
Bi-Monthly[-0.05 ** 0.02 ** 0.05 *** 0.05 *** 0.08 *** 0.08 *** 0.09 *** 009 *** 0.08 *** 0.07 *** 004 *** -001 * -011 -0.23 *** -0.37 ***
Monthly |-0.06 *** 0.01 *** (.04 *** 0.03 *** 005 *** 0.05 *** (0.05 *** (.04 *** 0.02 *** 0.00 *** -0.09 -0.21 *** 052 *** -0.80 *** -1.12 ***
30,000 1 2 3 4 5 6 7 8 9 10 15 20 30 40 50
Yearly [0.05 -0.01 0.01 0.03 0.05 0.06 0.07 0.08 0.08 0.08 009 * 009 * 010 * 009 * 009 *
Bi-Yearly [-0.05 0.01 003 * 005 * 007 * 009 ** 010 ** 011 *** 010 *** 011 *** 011 ** 011 *** 011 *** 009 ** 008 **
3XYear [0.05 001 * 004 ** 006 ** 009 *** 010 *** 012 *** 012 *** 012 ** 11 ** 012 *% 011 ** 010 ** 007 ** 005 **
Quarterly [0.05 * 002 ** 005 *** 006 *** 009 *** 010 *** 012 *** 012 *** 012 *** 012 *** 011 *** 010 *** 008 *** 004 *** 001
Bi-Monthly[-0.05 ** 0,02 *** 0.05 *** 006 *** 009 *** 010 *** 012 *** 012 *** 011 *** 011 *** 010 *** 007 *** 003 *** -0.02 -0.08
Monthly [-0.05 *** 0,02 *** 0.05 *** 005 *** 008 *** 008 *** 010 *** 010 *** 008 *** 008 *** 0.04 *** -001 ** -0.11 -0.23 *** 037 *x
50,000 1 2 3 4 5 6 7 8 9 10 15 20 30 40 50
Yearly [-0.05 -0.01 0.01 0.03 0.05 0.06 0.07 0.08 0.08 0.08 009 * 009 * 010 * 010 * 010 *
Bi-Yearly [-0.05 0.01 003 * 005 * 007 ** 009 ** 010 *** 011 *** 011 *** 011 *** 012 *** 012 *** 013 *** 011 *** 011 ***
3X Year [-0.05 001 * 005 ** 0.06 ** 0.09 *** 010 *** 012 *** (012 *** (012 *** (.12 *** (013 *** (012 *** (013 *** (011 *** (.09 ***
Quarterly F0.05 * 002 ** 0.05 *** 0.06 *** 009 *** (.11 *** (013 *** (013 *** (12 *** (012 *** 012 *** (012 *** 012 *** (.09 *** (.07 ***
Bi-Monthly|-0.05 ** 0.02 *** 0.06 *** 0.06 *** 0.09 *** 011 *** (012 *** (013 *** (12 *** (.12 ** (012 *** 011 *** 009 *** 0.06 *** 0.02 ***
Monthly [-0.05 *** 0.02 *** (.05 *** (.06 *** 0.09 *** 0.10 *** (011 *** 012 *** (.11 *** (010 *** 009 *** (.06 *** 0.01 *** -0.06 -0.13 **
100,000 1 2 3 4 5 6 7 8 9 10 15 20 30 40 50
Yearly |-0.05 -0.01 0.01 0.03 0.05 0.06 0.07 0.08 0.08 008 * 009 * 010 * 011 * 011 * 011 *
Bi-Yearly [-0.05 0.01 003 * 005 * 0.08 ** 0.09 ** 011 *** 011 *** 011 *** 011 *** (012 *** (.13 *** (14 ** (013 *** (13 ***
3X Year [-0.05 001 * 005 ** 0.06 0.09 *** 010 *** 0.13 *** 013 *** 012 *** 013 *** 014 *** 014 *** 015 *** 014 *** (.13 ***
Quarterly |-0.05 * 0.02 ** 0.05 *** 0.06 *** 0.09 *** 0.11 *** (013 *** (013 *** (013 *** (.13 *** (014 *** (014 *** (015 *** (.13 *** (12 ***
Bi-Monthly[-0.05 ** 0.02 *** 0.06 *** 0.07 *** 010 *** 0.11 *** (013 *** (014 *** (13 *** (13 *** (14 *** (13 *** (13 *** (11 *** (010 ***
Monthly |-0.05 *** 0.02 *** 0.06 *** 0.07 *** 0.10 *** 0.11 *** (.13 *** (.13 *** (.13 *** (.13 *** (013 *** (.11 *** (0.09 *** (0.06 *** (.02 ***
250,000 1 2 3 4 5 6 7 8 9 10 15 20 30 40 50
Yearly [0.05 -0.01 0.01 0.03 0.05 0.06 0.07 0.08 0.08 008 * 009 * 010 * 011 * 011 * 012 *
Bi-Yearly [-0.05 0.01 003 * 005 * 0.08 ** 0.09 ** 011 *** 011 *** 011 *** 011 *** (.13 *** (13 *** (15 *** (014 *** (014 ***
3X Year [-0.05 001 * 005 ** 0.06 0.09 *** (011 *** (.13 *** (.13 *** (013 *** (013 *** (014 *** (014 *** (016 *** (.15 *** (.15 ***
Quarterly F0.05 * 002 ** 0.05 *** 0.07 *** 010 *** 011 *** (013 *** 014 *** (13 *** (014 *** (015 *** (015 *** (016 *** (.15 *** (015 ***
Bi-Monthly|-0.05 ** 0.02 *** 0.06 *** 0.07 *** 0.10 *** 011 *** 013 *** (014 *** (014 *** 014 *** (015 *** (015 *** 016 *** (015 *** (.15 ***
Monthly [-0.05 *** 0.03 *** (.06 *** (.07 *** 010 *** 0.11 *** (014 *** 014 *** (.14 *** (014 *** 015 *** (014 *** (015 *** (.13 *** (]2 ***
500,000 1 2 3 4 5 6 7 8 9 10 15 20 30 40 50
Yearly [0.05 -0.01 0.01 0.03 0.05 0.06 0.07 0.08 0.08 008 * 009 * 010 * 011 * 012 * 012 *
Bi-Yearly |-0.05 0.01 003 * 005 * 008 ** 009 ** 011 ** (12 *x (11 ** (1] **=* (13 *** (13 *** (15 *** (14 **x (15 *xx
3X Year [-0.05 001 * 005 ** 0.06 0.09 *** (011 *** (.13 *** (.13 *** (013 *** (013 *** (014 *** (015 *** 016 *** 0.16 *** 0.16 ***
Quarterly |-0.05 * 0.02 ** 0.05 *** 0.07 *** 010 *** 0.11 *** 013 *** (014 *** (013 *** (14 *** (015 *** (015 *** (017 *** (016 *** 016 ***
Bi-Monthly[-0.05 ** 0.02 *** 0.06 *** 0.07 *** 010 *** 0.11 *** (014 *** 014 *** 014 *** (014 *** 015 *** (015 *** 017 *** 016 *** 016 ***
Monthly |-0.05 *** 0.03 *** 0.06 *** 0.07 *** 0.10 *** 0.12 *** (.14 *** (014 *** (.14 *** 014 *** 015 *** (015 *** (016 *** (0.15 *** (.15 ***
1,000,000 1 2 3 4 5 6 7 8 9 10 15 20 30 40 50
Yearly |-0.05 -0.01 0.01 0.03 0.05 0.06 0.07 0.08 0.08 008 * 009 * 010 * 011 * 012 * 012 *
Bi-Yearly [-0.05 0.01 003 * 005 * 0.08 ** 0.09 ** 011 *** 012 *** (011 *** (011 *** (013 *** (.13 *** (15 ** (15 *** (15 ***
3X Year [-0.05 001 * 005 ** 0.06 0.09 *** 011 *** 013 *** 013 *** 013 *** (013 *** 015 *** 015 *** 017 *** 016 *** 016 ***
Quarterly |-0.05 * 0.02 ** 0.05 *** 0.07 *** 010 *** 0.11 *** 013 *** (014 *** (014 *** (14 *** (015 *** (015 *** (017 *** (017 *** (017 ***
Bi-Monthly|-0.05 ** 0.02 *** 0.06 *** 0.07 *** 0.10 *** 012 *** 014 *** 014 *** (014 *** 014 *** 016 *** 0.16 *** 017 *** (017 *** (017 ***
Monthly [-0.05 *** 0.03 *** (.06 *** (.07 *** 010 *** 0.12 *** (014 *** 015 *** (.14 *** (014 *** 016 *** 016 *** 017 *** 0.16 *** 016 ***
Statistical significance (conventional parametric t-tests) * 90%; ** 95%; *** 99%
The Sharpe ratio equation is: Sharpe= (Nr -Rf) /c. The abnormal monthly Sharpe ratio is the monthly Sharpe ratio of each portfolio minus the monthly Sharpe ratio of the S&P 500 (1992-2010).
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