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The question of
whether the
incremental
returns
attributed to a
given factor will
persist is
impossible to
answer
definitively.

– Aristotle
The notion that patterns in securities prices can be predicted and exploited
has given rise to at least two industries: quantitative fund management and,
more recently, the index-based alternative operating under the ambitious
moniker “smart beta.” The performance of such systematic strategies
poses a challenge to the “efficient” markets of classical theory, and has
therefore produced a third cottage industry for academics—alternatively
quantifying, explaining, or refuting the strategies’ supposed
outperformance. As funds or indices gain in popularity and usage, or
as academic papers exploring their themes are celebrated, there is
frequently a resultant change in performance. This creates a particular
challenge for investors interested in extrapolating the past into the future.
At a general level, there are two (not mutually exclusive) reasons that
explain why a particular strategy might outperform, above and beyond
sheer luck.1 The first reason is that the outperformance might simply be
compensation for increased risk. For example, Fama and French2
famously documented that cheap stocks outperform more expensive stocks
over time. Perhaps this effect arises because cheap stocks are more
volatile than expensive ones—in which case one might argue that the effect
is simply a reward for bearing the incremental risk of cheapness. On the
other hand, a strategy’s incremental performance might not be a
compensation for risk, but might represent a true anomaly.3 In our
example, this would imply that the incremental outperformance of cheap
stocks more than compensates for their putative higher risk.
The question of whether the incremental returns attributed to a given factor
(e.g., the outperformance of stocks with high momentum or low volatility)
will persist is impossible to answer definitively. Yet investment vehicles
tracking non-standard indices have become increasingly popular.4 The
vast majority posit both the existence and persistence of an anomaly in the
market (the undervaluation of value stocks, for example) and systematically
exploit them. When evaluating such investments, investors ranging from
the individual to the largest institution must ask themselves not only if a

1

Asness, Cliff, “How Can a Strategy Still Work If Everyone Knows About It?” Aug. 31, 2015.

2

Fama, Eugene F. and Kenneth R. French, “The Cross-Section of Expected Stock Returns,” The Journal of Finance, June 1992.

3

Asness (op. cit.) argues that the anomalies come about “because investors make errors.”

4

See BlackRock Global ETP Landscape, December 2014, p. 4. “Organic growth for smart beta is 18%, twice that of market-cap weighted
equity ETPs.”
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particular vehicle is well-designed to exploit the anomaly but, first, if the
anomaly is expected to persist?
We argue that the third industry—academic research—can have a material
impact on factor persistence.5 We illustrate this by identifying four distinct
types of anomalies, only two of which show any degree of persistence.


We argue that
academic
research can
have a material
impact on factor
persistence.







As the name suggests, disappearing anomalies don’t last. The
disappearance category includes strategies whose returns are
arbitraged away after discovery, indicating that the returns themselves
are neither a compensation for risk nor difficult to replicate. In such
cases, once the average investor becomes aware of the anomaly, its
benefits are completely eroded.
Worse yet are statistical anomalies. Here we illustrate the pitfalls of
investing based on spurious relationships that appear to exist due to
chance. In these circumstances, expecting a predictable pattern of
returns to emerge is naïve; we caution against the high false-positive
rate to be expected with modern computing power.6
Moving to the positive side of the ledger, we consider attenuated
anomalies, the risk-adjusted returns of which diminish as they
become more widely known. Attenuation shows the importance of
assessing returns on a risk-adjusted basis; seemingly persistent
returns may simply be a compensation for bearing additional
downside risk.
Finally, there are persistent anomalies. This final type shows that
persistent returns can exist, even after adjustment for risk—and
reminds us of the importance of conducting risk analysis to distinguish
the character of anomalies.

This is not a purely academic exercise, as these four categories
provide investors with a toolkit to use when assessing the anomalous
returns on various strategies. In particular, we hope to provide a deeper
insight into what may happen to anomalous returns—and “smart beta”
indices—in the future.

5

The authors acknowledge their debt in particular to two papers that inspired their approach, namely Harvey et al “… and the Cross Section
of Expected Returns” (2015) and McLean & Pontiff, “Does Academic Research Destroy Stock Return Predictability?” (forthcoming).

6

To clarify, disappearing anomalies really do exist, for a while, until they become widely appreciated, at which point they vanish. Statistical
anomalies, in the sense used here, are mirages—there’s really nothing there, and never was—although with enough data mining, an effect
may appear to be real.
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DISAPPEARANCE
“Tell me why? I don’t like Mondays.” – Bob Geldof, The Boomtown Rats
In 1973, Frank Cross’ paper was the first published research to document
the difference in returns between Fridays and Mondays. His research
showed that the distribution of positive (negative) returns on Mondays
preceded by positive (negative) returns on Fridays differed significantly
from the corresponding daily differences in returns for the rest of the week.
Cross also provided evidence that the difference in the probability of
positive returns on Fridays (62%) and Mondays (39.5%) was statistically
significant.7 Taken together, these results highlighted an example of nonrandom movement in stock prices, therefore raising questions about the
validity of the Efficient Market Hypothesis (EMH). Given the prominence of
EMH at this time, the weekend effect became one of the hallmark
anomalies of the period.
Whilst 1973 is viewed as the birth of literature on what is now called the
“Weekend Effect,” it was Kenneth French who coined the term in his 1980
paper supporting Cross’ findings. In many cases, the unexpected returns
were explained with recourse to a behavioral observation: companies
tended to release bad news after the market’s close on Fridays, and market
participants did not fully account for this phenomenon in their day-to-day
trading. However, following a period when many further, supportive papers
were published, there began a growing movement against the initial
literature.

Exploiting the
Weekend Effect
is simple: buy
stocks at the
market close on
Monday, and
sell them at the
close on the
subsequent
Friday.

Connolly (1989) argued that the whole effect disappeared after the 1970s,
while Rogalski (1984) asserted that the anomaly could be entirely attributed
to the period between Friday’s close and Monday’s open, and that
Monday’s returns from open to close did not differ significantly from those
on Friday. More recently, Brusa, Liu, and Schulman (2000) showed the
existence of a reverse weekend effect, whereas Sullivan, Timmerman, and
White (2001) are skeptical that the historical results are not examples of
data mining. The latest development appears to draw upon the shortselling theory to explain this violation of the EMH.8
To determine the impact of all this research, it is convenient to examine
investment strategies based on their results. Exploiting the Weekend Effect
is simple: buy stocks at the market close on Monday, and sell them at the
close on the subsequent Friday. The cumulative returns attributed to this
strategy as hypothetically applied to the S&P 500®, compared to the S&P
500 itself, are shown in Exhibit 1.

7

The results given in Cross’ paper are for the S&P Composite 1500® between Jan. 2, 1953, and Dec. 21, 1970. Similar results were found
for the Dow Jones Industrial Average® and the New York Stock Exchange Composite Index, but these were not included in the paper.

8

See Chen and Singal (2003).
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Exhibit 1: Exploiting the Weekend Effect in U.S. Equities
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reduced after
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Source: S&P Dow Jones Indices LLC. Data from December 1949 to June 2015. Past performance is
no guarantee of future results. Chart is provided for illustrative purposes and reflects hypothetical
historical performance. Please see the Performance Disclosures at the end of this document for more
information regarding the inherent limitations associated with back-tested performance.

The log scale of Exhibit 1 allows us to observe the growth rate of
cumulative returns. Until the early 1970s, the strategy’s returns increased
at a fairly constant rate, which appears to be reduced after this period;
there appears to have been a change in the pattern of excess returns.9
This change is better illustrated when looking at the difference in average
daily returns between the strategy and the market, i.e. the difference
between the average return of the S&P 500 on Tuesdays, Wednesdays,
Thursdays, and Fridays, and the average return on all five days of the
trading week including Monday. As Exhibit 2 shows, a downward trend
clearly started in the early 1970s, with the exception of the late 1980s, and
a reverse in the downward trend emerges around 2000.

9

The fact that the October 1987 crash occurred on a Monday might cause concern over the dominance of extreme events in such results. In
fact, once removing extremes from the data, both the original Weekend Effect and its disappearance during the 1980s remain evident.
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Exhibit 2: What a Difference a Day Makes
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Source: S&P Dow Jones Indices LLC. Data from December 1949 to June 2015. Line represents
difference in performance between the average return of the S&P 500 on Tuesdays, Wednesday,
Thursdays, and Fridays and the average return on all five days of the trading week including Monday.
Past performance is no guarantee of future results. Chart is provided for illustrative purposes. .

The inflection
points and
overriding trend
in the data
appear to be
explained by
the stance of
prominent
research
papers of the
time.

If the research confirming the anomaly’s existence was convincing enough
at the time, we might suppose late 1970s investors frequently sold stocks
late on Fridays and bought them back on Mondays to capture the ex-ante
returns. The expected consequence is that the more investors exploit the
Weekend Effect, the worse the performance on Fridays would be, the
better the performance on Mondays would be, and the lower the returns
would be for such investors going forward.
This is exactly what we see in Exhibit 2; the downward trend starting in
1974 came one year after Cross’ paper. The sharp increase in the
difference just after 1984 coincides with Rogalski’s paper questioning the
Weekend Effect—and if Rogalski’s paper dissuaded investors from
avoiding Mondays, it takes little imagination to suppose that the “Black
Monday” of October 1987 provided grounds to reconsider. A positive trend
emerged around 2000, during which there was growing skepticism about
the statistical techniques used in previous research.10 Brusa, Liu, and
Schulman (2000) also published evidence in favor of a reverse Weekend
Effect. Hence, the inflection points and overriding trend in the data appear
to be explained by the stance of prominent research papers of the time.
As a result, the Weekend Effect exemplifies the disappearing anomaly; the
pattern of returns is impacted as expected, and the returns themselves

10

See Sullivan, Timmerman, and White (2001) for a more detailed discussion on the critiques of statistical techniques used to derive evidence
in favor of the Weekend Effect.
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are arbitraged away as investors become aware of the anomaly’s
existence. The strategy itself is also easy to understand and act upon
without suffering undue trading costs (using futures, for example); a
characteristic that most certainly accelerated its disappearance.

STATISTICAL ANOMALIES
“Get your facts first, then you can distort them as you please.” – Mark
Twain
We have assumed so far that anomalies, and their disappearance, can be
explained by some coherent economic or behavioral argument. In the case
of the Weekend Effect, a behavioral argument involving the timing of bad
news created the anomaly, and arbitrageurs’ responses diminished it. But
is this always a valid assumption?

We have
assumed so far
that anomalies,
and their
disappearance,
can be
explained by
some coherent
economic or
behavioral
argument.

The quantity of information at our fingertips today is without historical
precedent. Coupled with advances in computer processing power, these
data enable investors to fit many relationships within financial markets that,
they believe, will provide some competitive edge. Unsurprisingly, a large
number of relationships have been identified and many strategies continue
to be proposed in order to obtain anomalous returns. It is possible,
however, that the people proposing these investment ideas are, knowingly
or otherwise, distorting the facts. In particular, what if there is no
explainable pattern in returns because the returns only ever existed due to
chance?
Competing with the Dutch tulip market for historical infamy, the stock
market crash of the 1720s has become known as the “South Sea Bubble.”
After the British South Sea Company made extravagant claims about the
potential value of trade deals with the New World, investors readily bought
stock. But after the company’s share price increased tenfold during 1720,
many began selling. This downward pressure caused prices to fall, which
created a liquidity crisis as leveraged investors faced margin calls.
Individuals were left bewildered by the stock’s wild gyrations; one of the
numerous people to be left out of pocket, Isaac Newton, commented after
the crash, “I can calculate the motion of heavenly bodies, but not the
madness of people.”
In 1992, David Dolos began to use the daily price records of South Sea
Company stock to generate extraordinary profits trading the Dow Jones
Industrial Average. His trading rule was simple: starting in December 1992
(for the Dow®) and starting with the South Sea Company’s stock price as of
August 11, 1719, if the South Sea Company’s daily price increased
(decreased), Dolos bought (sold short) the Dow. The next month, his
position in the Dow was determined by the next day’s return from the South
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Sea Company. Exhibit 3 shows the cumulative returns from this strategy
through the end of March 2008.11
Exhibit 3: Dolos’ South Sea Strategy
USD 9,719
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8,000

Dow Jones Industrial Average
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Using such a
strong
predicative
indicator should
have made
Dolos a rich
man.

2,000
1,000
0

Source: S&P Dow Jones Indices LLC. Data from December 1992 to March 2008. Past performance is
no guarantee of future results. Chart is provided for illustrative purposes.

The strategy performed admirably, delivering triple the Dow’s increase over
the period. Since Dolos’ discovery was not widely publicized, it is
unsurprising that the anomaly persisted; if arbitrageurs were unaware of the
relationship then their behavior could not have diminished it.
Consequently, using such a strong predicative indicator should have made
Dolos a rich man, especially during 2008-2009, when relatively few
investors were able to avoid the effects of the global financial crisis. As
Exhibit 4 shows, however, Dolos had no such luck.
Exhibit 4: Dolos’ South Sea Strategy Unravels
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Source: S&P Dow Jones Indices LLC. Data from December 1992 to December 2011. Past
performance is no guarantee of future results. Chart is provided for illustrative purposes.

11

South Sea daily returns are those between Aug. 11, 1719, and June 29, 1720 (source: International Center for Finance at Yale). The
monthly returns on the DJIA are those between Dec. 31, 1992, and March 31, 2008.
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The strategy’s cumulative returns fell dramatically after 2007, reflecting a
breakdown in the predictive relationship. So what changed to influence this
trend? The answer is: nothing!

Confidence
intervals are
powerful tools
for isolated
tests, but they
are increasingly
meaningless as
the search
broadens.

David Dolos never discovered, traded, or wrote about this strategy; in fact,
David Dolos never existed at all. (Scholars of Greek mythology may recall
that Dolos is the spirit of trickery and guile.) The purpose of this trickery
was to show how easy it can be to “mine” data using large datasets; by
assigning 1s and 0s to prices that went up or down, respectively, it is
straightforward to find a match using the power of computer processing.
The relationship broke down because there was no more reason for
its existence in the first place than coincidence—some string of 1s and
0s will yield the longest match, and it just so happens that this match has
been shown on the graph between December 1992 and March 2008.
Another way to view the chance aspect of this type of anomaly is through
statistics. As John Allen Paulos pointed out, “uncertainty is the only
certainty there is.” 12 Relatedly, the discovery of an anomaly via the use of
statistical techniques is accompanied by a confidence level. This
confidence level provides an indication of how likely it is that the
relationship found may have arisen by chance, simply through random
variations in the data.
Confidence intervals are powerful tools for isolated tests, but they are
increasingly meaningless as the search broadens, a fact that means that
the risk of statistical anomalies is frequently underestimated. For
example, suppose an investment is proposed exploiting the predictive
power of an accounting statistic—revenue per salesperson, for example.
The proposer states that he has identified a profitable relationship with
share prices and tells you, with a 95% degree of confidence, that the
relationship has not arisen through chance alone. Dangerously, the
proposer also looked at 100 different accounting statistics before finding
one that worked. However, if the 95% confidence interval is correct, then
by chance alone one might expect to find relationships for 5 of the 100
accounting statistics with similarly strong—yet entirely misplaced—
confidence. In such circumstances, the high confidence interval provides
scant comfort; if there were only one relationship found at that level of
confidence, it would seem much more likely to be casual than causal.
Combined with the real-world truth that researchers have tested the
predictive power of thousands of statistics in manifold combinations,
we should be exceedingly cautious of those few showing sufficiently
convincing performance to merit inclusion in a sales pitch.
The statistical anomaly category acts as a note of caution to investors.
Worse, its appearance is not limited to pure coincidence; how do you
distinguish between a strong relationship and weak relationship when the

12

See Paulos, John Allen, A Mathematician Plays the Stock Market, 2003.
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weak relationship benefits from recent good fortune? There is no silver
bullet to distinguish meaningful from meaningless coincidences, but there is
an armory of more prosaic weapons.13 Two types of analysis are
particularly useful; the first is to extend samples beyond the time frame (or
assets) in which the relationship was found. Second, and arguably more
important, is a robust and critical examination of the economic reasoning
behind relationships. If possible, the reasoning should be tested in other
ways; for example if for U.S. stocks a high revenue per salesperson in one
quarter predicts an increase in share prices the next, does the same hold in
each sector? Does it work for smaller stocks and larger stocks? Does it
work for Canadian companies? What happens during and after mergers of
companies with differing statistics?
Nonetheless, it remains difficult to distinguish the merit of newly found
strategies with sparse history, or when the proposed explanations are
conceptually challenging.

ATTENUATION
“Every side of a coin has another side.” – Myron Scholes
Risk and return in financial markets are two sides of the same coin—
investors should be extremely wary of considering one without the other.
Our analysis thus far has focused only on the return side of the coin, since
the disappearance of arbitrageable or chance returns does not warrant an
analysis of risk. Some observed effects, however, are attenuated by
greater awareness. Our attenuation category includes anomalies which
can, in principle, be impacted by increasing awareness, but where the
impact is to increase the associated risk (or otherwise to adjust the balance
of risk and reward). If the returns are simply a reward for risk, this is
obviously grounds to expect their persistence, an explanation for why
they are unlikely to be arbitraged away, and a reason for caution in
investment.
In order to provide an example of an attenuated anomaly, we turn to
momentum. There is a stark simplicity to the concept of trend-following
and—as an informal heuristic to capital allocation—it is probably as old as
commerce itself. Momentum was first formalized into a systematic
investment strategy no later than the late 19th century, as a part of Dow
Theory. At least as early as the 1930s, the question of its effectiveness
was the subject of celebrated academic pursuits.14 The history of
momentum is rich in controversy and characters, with the post-war
development of both modern financial theory and computing power, a
stream of papers debated its existence and potential genesis.15 However,

13

See Lazzara, Craig J., “The Limits of History,” January 2013.

14

See Cowles (1933).

15

See Swinkels (2003) for an overview.
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the field was stacked with oddballs and fans of esoteric technical analysis;
it took a different approach to bring momentum to wider prominence.

The most
influential paper
in the field is
arguably Mark
Carhart’s 1997
study.

The most influential paper in the field is arguably Mark Carhart’s 1997
study, which showed that adding a momentum factor to the Fama-French
three-factor model considerably increased the model’s explanatory power.16
With momentum understood as a key factor in describing cross-sectional
returns, the returns to that factor began to be broadly incorporated into risk
management and active management processes; a multitude of investors
took notice of its performance. Momentum has a complicated interaction
with its own popularity. In the case of the Weekend Effect, its systematic
exploitation acted to diminish returns, but in the case of momentum, greater
awareness is initially self-reinforcing: the greater the demand for winners,
the more they should continue winning. We argue that this feedback loop
may give rise to a systematic instability, with continued outperformance
leading to a risk of increasingly material drawdowns.
To examine the performance of momentum, the natural starting place is the
so-called 12-month-1-month momentum strategy (12M-1M). It forms the
basis of Carhart’s extension of the Fama-French three-factor model and
has since become the default expression of momentum’s performance in
the investment community more generally. It is also a simple strategy: as
first documented in Jegadeesh and Titman’s 1993 paper, the 12M-1M
momentum of a security is simply its 11-month return up to one month ago.
Practically, it can be viewed as an 11-month momentum strategy executed
with a one-month delay.
Another justification for using 12M-1M momentum is that its prominence
has resulted in the wide availability of long-term data for analysis. Exhibit 5
shows one such example, the hypothetical performance of a momentum
strategy based on U.S. equities going back to 194717. The performance
shown in Exhibit 5 is constructed as follows: calculated monthly, the return
of the momentum strategy is the difference in performance between two
hypothetical portfolios, each constructed from a broad universe of listed
U.S. stocks. The first portfolio comprises stocks with momentum in the top
tertile among all stocks, the second portfolio comprises stocks in the bottom
tertile, and the weight of each stock in each portfolio is calibrated so that
neither company size nor book-to-market value differs significantly between
the two hypothetical portfolios.18 Thus, the performance of the strategy

16

Carhart, Mark M., “On Persistence in Mutual Fund Performance.” The paper has 8,985 citations on Google Scholar, as of Aug. 18, 2015,
which ranks highest for all the research papers on momentum we analyzed. See also Fama and French, op. cit.

17

In fact, performance is available going back to 1924; we exclude the pre-war period in part acknowledgement of the very different market
environment of the time, but the reader may be interested to know that the market crash of 1929 represented a reversal in momentum’s
performance far greater than any seen since.

18

Full details on the construction of the momentum factor, as well as a downloadable return series, are available in the French Factor Library
at http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/Data_Library.html.
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approximates those returns to momentum that are not generated by an
unintended bias for cheap or smaller stocks.
Exhibit 5: The Momentum of Momentum
1,000
Momentum Factor Cumulative Returns
(Log Scale)
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100

Carhart, 1997

10

1

The most
influential paper
in the field is
arguably Mark
Carhart’s 1997
study.

Source: S&P Dow Jones Indices LLC. Data from December 1943 to June 2015. Line shows cumulative
hypothetical return of difference between high and low momentum portfolios. Past performance is no
guarantee of future results. Chart is provided for illustrative purposes and reflects hypothetical (backtested) historical performance. Back-tested data is subject to inherent limitations because it reflects
application of a methodology in hindsight.

As Exhibit 5 shows, between 1944 and 2015, there was a definite upward
trend in the cumulative returns attributed to the momentum factor. The
near straight-line performance of the strategy from 1943 to the end of the
century implies a consistent growth rate more or less unvaried over
decades. There appears to be some change in the pattern of returns
beginning in the late 1990s, which coincides (among other things) with
Carhart’s influential 1997 paper, but the upward trend remains. Indeed, if
we discount the performance during the 2008-2009 financial crisis, an
outlier event, the returns attributed to momentum are more or less
persistent. In summary, advertisement of the strong performance of the
12M-1M strategy seems to have had little impact on its returns.
But the pattern of returns did change. The graph in Exhibit 5 clearly
becomes more volatile after the late 1990s; successes come at an
increased cost. As noted in the start of this section, momentum strategies
can be initially self-reinforcing. Stocks with strong price performance are
bought by momentum followers, which drives up prices further and
subsequently provides momentum with an even more compelling track
record and more followers. As long as this continues without correction,
bubbles in the valuations of single equities are likely to form and become
exaggerated. But even the most committed follower of momentum has a
modicum of historical awareness, and experience tells us that at some
point, stock valuations become so excessive that reality bites. Previous
winners will become viewed as the most overpriced; a downturn hurts those
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stocks with positive momentum harder. As winners become losers,
momentum chasers rush to sell. Those investors who wait a month to
reassess their positions are hit harder still. Experience therefore suggests
that as momentum strategies become increasingly popular, their propensity
to generate losses during market corrections should increase.
Exhibit 6 demonstrates the increasing drawdown risks faced by the 12M1M strategy. Specifically, the exhibit compares the cumulative return of the
strategy at any point to its highest level over the previous five years, a
measure of the hypothetical losses faced at the time by an investor who
entered at the recent “top”.
Exhibit 6: Increasing Drawdowns Over Time in Momentum
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Source: S&P Dow Jones Indices LLC. Data from 1948 to 2014. Past performance is no guarantee of
future results. Chart is provided for illustrative purposes.

Exhibit 6 shows that while the 12M-1M momentum strategy may have
continued to add returns, its downside risk has increased, especially since
1997. Carhart’s paper seems relevant because such a widely read piece of
research is likely to have increased the awareness and popularity of
momentum strategies; certainly its publication marks a period of
dramatically increased drawdowns. On a longer time scale it would appear
that in fact the downside risk in momentum has been increasing since the
end of WWII.
In conclusion, 12M-1M momentum epitomizes the existence of strategies
for which research and popularity have not—as yet—triggered a
disappearance of returns. On the surface, such persistence would appear
attractive. However, the returns have come at an increasing risk, with the
current risk profile appearing more elevated than ever. It may well be that
the risk attributable to momentum strategies normalizes in the future, with
the additional return attributable to momentum varying commensurately
with the (informed) risk preferences of market participants. Or, the risk may
continue to increase until its realization convinces a wide audience
(including academics) to demote 12M-1M momentum from its current
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position as a celebrated anomaly. In either case, this risk-based
attenuation of anomalous returns is conceptually possible for a majority of
popular strategies, and analyzing the risk-adjusted returns attributable to
strategies becomes a vital component of their assessment.

Some of the
most elegant
financial
theories are
also those with
results that can
be digested
easily and have
significant
ramifications for
investors’
behavior.

PERSISTENCE
“No matter how beautiful the theory, one irritating fact can dismiss the
entire formulism, so it has to be proven” – Michio Kaku.
Some of the most elegant financial theories are also those with results that
can be digested easily and have significant ramifications for investors’
behavior. In our attempts to identify anomalies that can, in principle, be
affected by popularity but which show return persistence without an
increase in downside risk, it seems reasonable to consider an anomaly with
a fairly stable risk profile.
The idea that investments should offer returns commensurate to their risk,
as put forward by the CAPM, is one of the cornerstones of financial theory.
However, the irritating fact that contradicts this theory is the low-volatility
anomaly. It was first discovered by Haugen and Heins in 1975, when they
found that stocks with lower volatility in monthly returns experienced
greater average returns than for the high-volatility stocks.19
Rather than this discovery standing alone against a bank of literature
questioning Haugen and Heins, many other papers have supported the
initial findings. Similar to Haugen and Baker’s (1991) work, Jagannathan
and Ma (2003) showed that investing in a minimum variance portfolio
delivered higher returns and lower risk in the U.S. than for the cap-weighted
benchmark. In global markets, Carvalho, Xiao, and Moulon (2012) found
the highest Sharpe ratio of many investment strategies was a minimum
variance portfolio, while Blitz and van Vliet (2007) found a 12% spread
between low- and high-volatility decile portfolios, even after accounting for
value and momentum effects. More recently, various authors have shown
that such anomalous effects appear to be present in most equity markets,
globally.20
With broad evidence of a low-volatility anomaly in different markets and
timeframes, and cogent behavioral and economic arguments available in
support, it seems there is more than a spurious relationship at work.
However, there has been growing demand for low-volatility strategies after
the financial crisis of 2008, while easily accessible vehicles such as ETFs
have removed barriers to constructing portfolios exploiting the anomaly and

19

The result was anticipated by the observation that market beta appeared to be negatively correlated to returns, found in Black, Jensen, and
Scholes’ earlier 1972 paper; “The Capital Asset Pricing Model: Some Empirical Tests.”

20

This spread was found using data between 1986 and 2006 and the paper provides potential explanations for the existence of the anomaly:
leverage-confined investors being unable to arbitrage away the returns; inefficient decentralized investment approaches; and behavioral
biases among private investors. See also Chan, Fei Mei and Craig J. Lazzara, “Is the Low Volatility Anomaly Universal?” April 2015.
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popularized the concept. The increasing awareness and popularity of lowvolatility strategies leads us to wonder if the return patterns for strategies
based on this anomaly have been affected—by either increased risk or
diminished return.
However, if we look at the cumulative returns to the S&P 500 Low Volatility
Index—either since its launch in 2011 or to the full extent of its back-tested
performance since 1990, this is not the case.21 Exhibits 7 and 8
demonstrate this persistence—first by a direct comparison of total return
and, second, by comparing the risk-adjusted excess return of the S&P 500
Low Volatility Index to that of the benchmark S&P 500.
Exhibit 7: S&P 500 Low Volatility Index Outperformance
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1990)
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Source: S&P Dow Jones Indices LLC. Data from November 1990 to August 2015. Past performance is
no guarantee of future results. Chart is provided for illustrative purposes. Some data for the S&P 500
Low Volatility Index reflect hypothetical historical performance. Please see the Performance
Disclosures at the end of this document for more information regarding the inherent limitations
associated with back-tested performance.

Exhibit 7 demonstrates the persistence of an excess return, but it requires
us to check that such persistence has not come at the expense of
increased risk. It’s appropriate to evaluate the strategy’s risk on a relative
basis (i.e., in comparison to a market benchmark) and over a suitably long
period to capture longer-term trends.22 The risk-adjusted relative return
shown in Exhibit 8 is calculated as follows: at each point in time, the
previous six-year daily volatility of returns for both the S&P 500 Low
Volatility Index and the S&P 500 are calculated, and the six-year total
return of the S&P 500 is multiplied by the ratio of the two volatilities to
derive a “risk-adjusted benchmark return.” The risk-adjusted benchmark
return is thus the return of the S&P 500, but scaled to the volatility of the
low-volatility strategy. The risk-adjusted relative return is the six-year return
of the S&P 500 Low Volatility Index, minus the risk-adjusted benchmark

21

The S&P 500 Low Volatility Index comprises 100 stocks that are members of the S&P 500 and have the lowest levels of realized volatility
over the previous 12 months. Rebalancing occurs quarterly, with the index weights of each component set at each rebalance in inverse
proportion to realized volatility.

22

We chose six years so that the most recent values capture the strong bull market in equities that began in March 2009 and encompass the
period over which low-volatility may be said to have gained its current popularity, but the results are not particularly sensitive to the length of
period chosen.

INDEX INVESTMENT STRATEGY

14

The Persistence of Smart Beta

October 2015

return. Thus, the risk-adjusted relative return is the excess (or deficit)
return in the strategy compared to the volatility-scaled benchmark’s return.
If the risk-adjusted relative return is greater than zero, we appear to be
earning a greater return than might be expected given the strategy’s risk,
and vice-versa. The results are shown in Exhibit 8.
Exhibit 8: S&P 500 Low Volatility Index Six-Year, Risk-Adjusted
Relative Return
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Source: S&P Dow Jones Indices LLC. Data from 1990 to 2014. Past performance is no guarantee of
future results. Chart is provided for illustrative purposes and reflects hypothetical historical
performance. Please see the Performance Disclosures at the end of this document for more information
regarding the inherent limitations associated with back-tested performance.

Aside from two periods around 2000 and 2008, the pattern of risk-adjusted
annual returns remains relatively flat; the oscillations persist around a
stable, positive mean. If anything, notwithstanding those two major events,
the level of the long-term, risk-adjusted relative returns would appear to be
increasing over time. In particular, the current reading (covering the years
since the market for U.S. equities began its remarkable bull run) is as good
as, if not better than, what might be expected from history and current
circumstances.
The S&P 500 Low Volatility Index provides a particularly resonant example
of persistent anomalous returns that are not easily dismissed as a
compensation for risk. However, a note of caution is still needed. All that
Exhibits 7 and 8 demonstrate conclusively is that, so far, the investment
and attention directed toward low-volatility strategies has not been sufficient
to temper their returns or attenuate their risk/return profile. This can be
taken as an indication that, whatever investment flows or perspectives
give rise to the anomaly, they exceed those set to exploit it—by several
orders of magnitude. As such, this analysis may provide a degree of
comfort to investors considering such strategies.
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CONCLUSION
"In theory, there is no difference between theory and practice. In practice,
there is." – Yogi Berra

The
sophisticated
explanations
proposed for
some statistical
anomalies can
make this effect
fiendishly
difficult to
identify and
avoid.

Some might see our attempts to categorize anomalies as a fact-finding
mission that has little practical benefit or a zoo-like menagerie of some
things that have happened to some anomalies and may happen to others,
but this would miss the bigger point. In particular, we stress that investors
should be wary of analyzing returns in isolation without any
consideration for the associated risk, and that seemingly persistent
returns may actually be a reward for thus far unappreciated risks.
More important, arguably, is an awareness of the chance relationships in
large datasets; the power of computers means that an increasing number
of these relationships can be found at an exponentially increasing risk of
confusing the spurious with the causal. Moreover, the sophisticated
explanations proposed for some statistical anomalies can make this effect
fiendishly difficult to identify and avoid. To reduce the possible impact of
unanticipated changes in the returns’ patterns, solutions such as extending
samples and thinking about the economic reasoning are on offer.
It would be naïve to expect persistent performance from anomalies
that rely on investors behaving insensibly, are easy to trade, and that
are not a reward for risk—unless evidence suggests that the bank of
investors offering to be exploited is deep pocketed and broadly populated.
Examining the performance of strategies as they are popularized by
broadly cited academic papers and offered in products made widely
available allows us to glean information about what is driving their
unexpected returns, and the potential for those returns either to continue or
to come at the price of increased risk. This provides a toolkit to use when
assessing the success of many strategies.
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ABOUT S&P DOW JONES INDICES
S&P Dow Jones Indices LLC, a division of S&P Global, is the world’s largest, global resource for index-based concepts, data and research.
Home to iconic financial market indicators, such as the S&P 500® and the Dow Jones Industrial AverageTM, S&P Dow Jones Indices LLC has
over 115 years of experience constructing innovative and transparent solutions that fulfill the needs of institutional and retail investors. More
assets are invested in products based upon our indices than any other provider in the world. With over 1,000,000 indices covering a wide range
of assets classes across the globe, S&P Dow Jones Indices LLC defines the way investors measure and trade the markets. To learn more
about our company, please visit www.spdji.com.
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PERFORMANCE DISCLOSURES
The S&P 500 was launched on March 4, 1957. The S&P 500 Low Volatility Index was launched on April 4, 2011. All information
presented prior to the launch date is back-tested. Back-tested performance is not actual performance, but is hypothetical. The
back-test calculations are based on the same methodology that was in effect when the index was officially launched. Complete
index methodology details are available at www.spdji.com. It is not possible to invest directly in an index.
S&P Dow Jones Indices defines various dates to assist our clients in providing transparency on their products. The First Value
Date is the first day for which there is a calculated value (either live or back-tested) for a given index. The Base Date is the date
at which the Index is set at a fixed value for calculation purposes. The Launch Date designates the date upon which the values
of an index are first considered live: index values provided for any date or time period prior to the index’s Launch Date are
considered back-tested. S&P Dow Jones Indices defines the Launch Date as the date by which the values of an index are
known to have been released to the public, for example via the company’s public website or its datafeed to external parties. For
Dow Jones-branded indicates introduced prior to May 31, 2013, the Launch Date (which prior to May 31, 2013, was termed
“Date of introduction”) is set at a date upon which no further changes were permitted to be made to the index methodology, but
that may have been prior to the Index’s public release date.
Past performance of the Index is not an indication of future results. Prospective application of the methodology used to
construct the Index may not result in performance commensurate with the back-test returns shown. The back-test period does
not necessarily correspond to the entire available history of the Index. Please refer to the methodology paper for the Index,
available at www.spdji.com for more details about the index, including the manner in which it is rebalanced, the timing of such
rebalancing, criteria for additions and deletions, as well as all index calculations.
Another limitation of using back-tested information is that the back-tested calculation is prepared with the benefit of hindsight.
Back-tested information reflects the application of the index methodology and selection of index constituents in hindsight. No
hypothetical record can completely account for the impact of financial risk in actual trading. For example, there are numerous
factors related to the equities, fixed income, or commodities markets in general which cannot be, and have not been accounted
for in the preparation of the index information set forth, all of which can affect actual performance.
The Index returns shown do not represent the results of actual trading of investable assets/securities. S&P Dow Jones Indices
LLC maintains the Index and calculates the Index levels and performance shown or discussed, but does not manage actual
assets. Index returns do not reflect payment of any sales charges or fees an investor may pay to purchase the securities
underlying the Index or investment funds that are intended to track the performance of the Index. The imposition of these fees
and charges would cause actual and back-tested performance of the securities/fund to be lower than the Index performance
shown. As a simple example, if an index returned 10% on a US $100,000 investment for a 12-month period (or US $10,000)
and an actual asset-based fee of 1.5% was imposed at the end of the period on the investment plus accrued interest (or US
$1,650), the net return would be 8.35% (or US $8,350) for the year. Over a three year period, an annual 1.5% fee taken at year
end with an assumed 10% return per year would result in a cumulative gross return of 33.10%, a total fee of US $5,375, and a
cumulative net return of 27.2% (or US $27,200).
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GENERAL DISCLAIMER
Copyright © 2016 S&P Dow Jones Indices LLC, a division of S&P Global. All rights reserved. STANDARD & POOR’S, S&P, SPDR, S&P 500,
S&P EUROPE 350, S&P 100, S&P 1000, S&P COMPOSITE 1500, S&P MIDCAP 400, S&P SMALLCAP 600, GIVI, GLOBAL TITANS, S&P
RISK CONTROL INDICES, S&P GLOBAL THEMATIC INDICES, S&P TARGET DATE INDICES, S&P TARGET RISK INDICES, DIVIDEND
ARISTOCRATS, STARS, GICS, HOUSINGVIEWS, INDEX ALERT, INDEXOLOGY, MARKET ATTRIBUTES, PRACTICE ESSENTIALS, S&P
HEALTHCARE MONITOR, SPICE, and SPIVA are registered trademarks of Standard & Poor’s Financial Services LLC, a division of S&P
Global (“S&P”). DOW JONES, DJ, DJIA and DOW JONES INDUSTRIAL AVERAGE are registered trademarks of Dow Jones Trademark
Holdings LLC (“Dow Jones”). These trademarks together with others have been licensed to S&P Dow Jones Indices LLC. Redistribution,
reproduction and/or photocopying in whole or in part are prohibited without written permission. This document does not constitute an offer of
services in jurisdictions where S&P Dow Jones Indices LLC, Dow Jones, S&P or their respective affiliates (collectively “S&P Dow Jones
Indices”) do not have the necessary licenses. All information provided by S&P Dow Jones Indices is impersonal and not tailored to the needs of
any person, entity or group of persons. S&P Dow Jones Indices receives compensation in connection with licensing its indices to third parties.
Past performance of an index is not a guarantee of future results.
It is not possible to invest directly in an index. Exposure to an asset class represented by an index is available through investable instruments
based on that index. S&P Dow Jones Indices does not sponsor, endorse, sell, promote or manage any investment fund or other investment
vehicle that is offered by third parties and that seeks to provide an investment return based on the performance of any index. S&P Dow Jones
Indices makes no assurance that investment products based on the index will accurately track index performance or provide positive
investment returns. S&P Dow Jones Indices LLC is not an investment advisor, and S&P Dow Jones Indices makes no representation regarding
the advisability of investing in any such investment fund or other investment vehicle. A decision to invest in any such investment fund or other
investment vehicle should not be made in reliance on any of the statements set forth in this document. Prospective investors are advised to
make an investment in any such fund or other vehicle only after carefully considering the risks associated with investing in such funds, as
detailed in an offering memorandum or similar document that is prepared by or on behalf of the issuer of the investment fund or other
investment product or vehicle. S&P Dow Jones Indices LLC is not a tax advisor. A tax advisor should be consulted to evaluate the impact of any
tax-exempt securities on portfolios and the tax consequences of making any particular investment decision. Inclusion of a security within an
index is not a recommendation by S&P Dow Jones Indices to buy, sell, or hold such security, nor is it considered to be investment advice.
Closing prices for S&P Dow Jones Indices’ US benchmark indices are calculated by S&P Dow Jones Indices based on the closing price of the
individual constituents of the index as set by their primary exchange. Closing prices are received by S&P Dow Jones Indices from one of its
third party vendors and verified by comparing them with prices from an alternative vendor. The vendors receive the closing price from the
primary exchanges. Real-time intraday prices are calculated similarly without a second verification.
These materials have been prepared solely for informational purposes based upon information generally available to the public and from
sources believed to be reliable. No content contained in these materials (including index data, ratings, credit-related analyses and data,
research, valuations, model, software or other application or output therefrom) or any part thereof (“Content”) may be modified, reverseengineered, reproduced or distributed in any form or by any means, or stored in a database or retrieval system, without the prior written
permission of S&P Dow Jones Indices. The Content shall not be used for any unlawful or unauthorized purposes. S&P Dow Jones Indices and
its third-party data providers and licensors (collectively “S&P Dow Jones Indices Parties”) do not guarantee the accuracy, completeness,
timeliness or availability of the Content. S&P Dow Jones Indices Parties are not responsible for any errors or omissions, regardless of the
cause, for the results obtained from the use of the Content. THE CONTENT IS PROVIDED ON AN “AS IS” BASIS. S&P DOW JONES
INDICES PARTIES DISCLAIM ANY AND ALL EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, ANY
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR USE, FREEDOM FROM BUGS, SOFTWARE
ERRORS OR DEFECTS, THAT THE CONTENT’S FUNCTIONING WILL BE UNINTERRUPTED OR THAT THE CONTENT WILL OPERATE
WITH ANY SOFTWARE OR HARDWARE CONFIGURATION. In no event shall S&P Dow Jones Indices Parties be liable to any party for any
direct, indirect, incidental, exemplary, compensatory, punitive, special or consequential damages, costs, expenses, legal fees, or losses
(including, without limitation, lost income or lost profits and opportunity costs) in connection with any use of the Content even if advised of the
possibility of such damages.
Credit-related information and other analyses, including ratings, research and valuations are generally provided by licensors and/or affiliates of
S&P Dow Jones Indices, including but not limited to S&P Global’s other divisions such as Standard & Poor’s Financial Services LLC and S&P
Capital IQ LLC. Any credit-related information and other related analyses and statements in the Content are statements of opinion as of the
date they are expressed and not statements of fact. Any opinion, analyses and rating acknowledgement decisions are not recommendations to
purchase, hold, or sell any securities or to make any investment decisions, and do not address the suitability of any security. S&P Dow Jones
Indices does not assume any obligation to update the Content following publication in any form or format. The Content should not be relied on
and is not a substitute for the skill, judgment and experience of the user, its management, employees, advisors and/or clients when making
investment and other business decisions. S&P Dow Jones Indices LLC does not act as a fiduciary or an investment advisor. While S&P Dow
Jones Indices has obtained information from sources they believe to be reliable, S&P Dow Jones Indices does not perform an audit or
undertake any duty of due diligence or independent verification of any information it receives.
To the extent that regulatory authorities allow a rating agency to acknowledge in one jurisdiction a rating issued in another jurisdiction for certain
regulatory purposes, S&P Global Ratings Services reserves the right to assign, withdraw or suspend such acknowledgement at any time and in
its sole discretion. S&P Dow Jones Indices, including S&P Global Ratings Services, disclaim any duty whatsoever arising out of the
assignment, withdrawal or suspension of an acknowledgement as well as any liability for any damage alleged to have been suffered on account
thereof.
Affiliates of S&P Dow Jones Indices LLC, including S&P Global Ratings Services, may receive compensation for its ratings and certain creditrelated analyses, normally from issuers or underwriters of securities or from obligors. Such affiliates of S&P Dow Jones Indices LLC, including
S&P Global Ratings Services, reserve the right to disseminate its opinions and analyses. Public ratings and analyses from S&P Global Ratings
Services are made available on its Web sites, www.standardandpoors.com (free of charge), and www.ratingsdirect.com and
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www.globalcreditportal.com (subscription), and may be distributed through other means, including via S&P Global Rating Services publications
and third-party redistributors. Additional information about our ratings fees is available at www.standardandpoors.com/usratingsfees.
S&P Global keeps certain activities of its various divisions and business units separate from each other in order to preserve the independence
and objectivity of their respective activities. As a result, certain divisions and business units of S&P Global may have information that is not
available to other business units. S&P Global has established policies and procedures to maintain the confidentiality of certain non-public
information received in connection with each analytical process.
In addition, S&P Dow Jones Indices provides a wide range of services to, or relating to, many organizations, including issuers of securities,
investment advisers, broker-dealers, investment banks, other financial institutions and financial intermediaries, and accordingly may receive
fees or other economic benefits from those organizations, including organizations whose securities or services they may recommend, rate,
include in model portfolios, evaluate or otherwise address.
The Global Industry Classification Standard (GICS®) was developed by and is the exclusive property and a trademark of Standard & Poor’s
and MSCI. Neither MSCI, Standard & Poor’s nor any other party involved in making or compiling any GICS classifications makes any express
or implied warranties or representations with respect to such standard or classification (or the results to be obtained by the use thereof), and all
such parties hereby expressly disclaim all warranties of originality, accuracy, completeness, merchantability or fitness for a particular purpose
with respect to any of such standard or classification. Without limiting any of the foregoing, in no event shall MSCI, Standard & Poor’s, any of
their affiliates or any third party involved in making or compiling any GICS classifications have any liability for any direct, indirect, special,
punitive, consequential or any other damages (including lost profits) even if notified of the possibility of such damages.
TSX is a trademark of TSX, Inc. and has been licensed for use by S&P Dow Jones Indices. RAFI is a trademark of Research Affiliates, LLC
and has been licensed for use by S&P Dow Jones Indices. CASE-SHILLER is a registered trademark of CoreLogic Case-Shiller, LLC and has
been licensed for use by S&P Dow Jones Indices. LSTA is a trademark of Loan Syndications and Trading Association, Inc. and has been
licensed for use by S&P Dow Jones Indices. VIX is a trademark of Chicago Board Options Exchange, Incorporated and has been licensed for
use by S&P Dow Jones Indices. BVL is a trademark of Bolsa de Valores de Lima S.A. and has been licensed for use by S&P Dow Jones
Indices. VALMER is a trademark of Bolsa Mexicana de Valores, S.A.B. de C.V. and has been licensed for use by S&P Dow Jones Indices.
NZX is a trademark of NZX Limited and has been licensed for use by S&P Dow Jones Indices. ISDA is a trademark of the International Swaps
& Derivatives Association, Inc. and has been licensed for use by S&P Dow Jones Indices. GSCI is a registered trademark of The Goldman
Sachs Group, Inc. (“Goldman”) and has been licensed for use by S&P Dow Jones Indices. The S&P GSCI index is not created, owned,
endorsed, sponsored, sold or promoted by Goldman or its affiliates and Goldman bears no liability with respect to such index or data related
thereto. Goldman provides no guarantee as to the accuracy and/or the completeness of the S&P GSCI index or any data related thereto.
All trade names, trademarks and service marks, and attendant goodwill, now owned by Citigroup Index LLC or any of its affiliates and used in
connection with the S&P/Citigroup International Treasury Bond (Ex-US) Indices shall remain its or its affiliates’ respective sole property, and all
rights accruing from their use shall inure solely to the benefit of Citigroup Index LLC or any of its affiliates.
IN NO EVENT WHATSOEVER SHALL CITIGROUP INDEX LLC OR ANY OF ITS AFFILIATES BE LIABLE WITH RESPECT TO SUCH
INDICES FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, PUNITIVE OR CONSEQUENTIAL DAMAGES, INCLUDING BUT NOT
LIMITED TO, LOSS OF PROFITS, LOST TIME OR GOODWILL, EVEN IF IT THEY HAVE BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES, REGARDLESS OF THE FORM OF ACTION, WHETHER IN CONTRACT, TORT (INCLUDING NEGLIGENCE), STRICT
LIABILITY OR OTHERWISE.
Brookfield Redding, Inc. and/or its affiliates (including but not limited to Brookfield Asset Management Inc., collectively “Co-Publisher”) own
certain intellectual property rights with respect to the Dow Jones Brookfield Infrastructure Indexes, which rights have been licensed to S&P for
use.
SAM Indexes Gmbh and/or its successors or affiliates (collectively, “SAM”) own certain intellectual property rights with respect to the Dow
Jones Sustainability Indexes, which rights have been licensed to S&P for use.
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