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Abstract

Successfulinvesting requires translating sound investment concepts into actual trading strategies. We study many of the
implementation details that portfolio managers need to pay attention to; such choices range from portfolio construction to
execution.

While thesekinds of decisions apply to any type of investment strategy, they are particularly importantin the context of style
investing. Consider two managers who both intend to capturethe value factor in a long/short context: each manager might
make a number of decisions, many of which can lead to meaningfully different outcomes. These choices can often explain
why one value manager outperforms another.

Ultimately, what may seemlike inconsequential design decisions can actually matter a lot for style portfolios. In fact, the
skillful targeting and capturing of style premia may constitute a form of alpha on its own — one we refer to as
“craftsmanship alpha.”

We thank Ryan Wei for providing exceptional research assistance. We also thank Gregor Andrade, Cliff Asness, Andrea Frazzini, April
Frieda, Anttillmanen, T obias Moskowitz, and Lasse Pedersen for helpful commentsand suggestions.



Introduction

Today, many investors are looking to take advantage of alternative sources of return, specifically those that are uncorrelated
with traditionalassets. In doing so, they have turned their attention to style premia. Style premia are a set of systematic
sources of returns that are well researched and have been shown to deliver long-run returns that are uncorrelated with
traditional assets." Styles have been mostwidely studied in U.S. equity markets, buthave been shown to work consistently
across markets, across geographies, and over time. There is a logical, economic rationale for why they work and are likely to
continue to do so.

The growing popularity of style investing has also given rise to a variety of investment options for investors. There are
variations in the types of style portfolios, but also — importantly — in how different managers choose to build those
portfolios. While practitioners might define styles with similar “labels,” actual portfolios can differ significantly fromone
another. Even asingle style such as value has variations that an investor should consider: for example, it can be applied as a
tilt to a long-only portfolio, orit can be applied in a “purer” formthrough long/short strategies; it can be based on multiple
measures of value, or a single measure; it can be done in isolation, or combined with other styles in a synergistic way.
Investors should consider these differences and also recognize thatthereis potentially value-added (or subtracted) in every
step of the investment process: signal choice, portfolio construction, risk management, and cost-effective trading.

Our paper focuses on the craftsmanship requiredto build effective style portfolios. Thatis, the kind of decisions that happen
after we have already agreed on the type of style portfolio thatwe want to build. We start with a brief discussion of the types
of style portfolios an investor may choose; we then go into more detail on design decisions related to building style
portfolios;andfinally, we address other considerations for style investing, such as trading and risk management. We will
share ourthoughts on anumber of enhancements that can be made without deviating from the main thesis. While many of
these enhancements reflect our opinions on better ways to build portfolios, the main point is that these choices need to be
made consciously. Certain design choices may improve the risk/return characteristics of the overall portfolio, by enhancing
returns, reducing risk, or a combination of both. We call the sources of alpha that involve implementation choices
“craftsmanship alpha.”

What Kind of Style Portfolio?

While style premia investing has certainly grown in popularity, there still remains considerable disagreement over which
styles drivereturns —which styles oneshould believe in. Generally, the most widely accepted and utilized styles relate to
value (the tendency for cheap assets to outperformexpensive ones), momentum (the tendency for outperformers to continue
to outperform), defensive (the tendency for low-risk, high-quality assets to outperformhigh-risk, low-quality assets on a risk
adjusted basis), and carry (the tendency for higher-yielding assets to outperform lower-yielding assets). However, there are
also other styles, such as size or liquidity. While the efficacy ofthe latter two styles has generally been more challenged, it is
outsidethe scopeofthis paperto present the merit of each style. Instead, we aim to highlight thateven general agreement on
which style to include does not map as directly to a portfolio as many think.

! Asness, Moskowitz, and Pedersen (2013); Asness et al. (2015a). Past performance isnot a guarantee of future performance.

2 Some of the challengesrelated to the size anomaly relate to itslackof pervasiveness (only applicable in equities), the limited economic
intuitionbehinditsefficacy, and itsweakin-sample evidence. Eventhough Asnesset al. (2015b) showthat the size premium may be
resurrected when you control for quality, we believe the size anomaly may be betterthought of asa subset of illiquidity, which ismore robust,
more pervasive, and accompanied by bettertheory (but comesat a cost which isthatitisless liquid, so more costly to trade).
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Toillustrate this point, consider, just as a starting point, all the different ways to take advantage of a single style such as
value. Arguably, themost popular expression is the long-only (or “smart beta”) approach, which applies tilts within equities
to overweightstocks thatare relatively cheap.® This approach results in deviations frommarket capitalization weights that in
practice imply certain systematic style tilts.* Relative to other forms of value investing, long-only style tilts are typically
easier formany institutions to adopt because they involve less peer risk (they have lower tracking error to conventional
portfolios and benchmarks), have greater capacity, and do not require the use of leverage, shorting or derivatives. But for
investors who are more comfortable with less traditional implementations, a “purer” expression of value would be a
long/short approach, which seeks to capture the entire style premiumand none of the traditional beta. Such an approach may
be valuable for investors who wantto add uncorrelated sources of return.” Both long-only and long/shortapproaches can have
merit, sometimes even for the same investor.

While single-style (long-only or long/short) investing may be beneficial on its own, we believe that investors may do better
by combining styles in amulti-style portfolio. Relative to a single-style approach, multi-style approaches may produce more
robustportfolios.® Investing in styles thatare lowly correlated with each other can have attractive diversification benefits as
the styles tend to pay offat different times.” In particular, combining value with momentum, for example, allows investors to
take advantage of two different potential sources of returns. Importantly, however, how they are combined matters (we will
come back to this point later).

It’s also worth mentioning thatif investors are comfortable with a long/short approach, they may also apply styles across a
broaderrangeofassetclasses. In asimilar vein to how combining styles may offer greater diversification, sodoes combining
assetclass portfolios.? Regardless of the implementation choice, we believe investing in styles will continue to produce
positive long-runexcess returns, but it is critical to implement them efficiently. We now turn to a discussion of portfolio
construction.

How to Build Style Portfolios?

Once aninvestor has decided onthe typeof style portfolio they are most comfortable with (e.g., long/short value), there are a
number of choices thatcan be made in actually building that portfolio. Put differently, two long/short strategies that rely on
the same style may have different exposures and performance over time, likely a result of different design decisions in
portfolio construction. While certain design decisions may result in better investment outcomes, these choices may not
materialize in every period (oreven overa5-10 year period). However, to theextent they are based on sound economic logic

% In the case of value in equities, the portfolioistypically constructed by tilting a market portfolio according to some fundamental measure. For
example, a manager mightoverweight high book-to-price (B/P) stocks and underweight low B/P stocks. The resulting portfolio will have both
market and “pure” style exposure. It is the long-only equivalent of Fama and French’s famous HML factor, the return spread between a
diversified portfolio of high book-to-price and low book-to-price stocks.

* See Ilmanen, Israel, and Villalon (2014); Asness et al. (2015c); Amott, Hsu, and Moore (2004) for more on this.

® For more on long-only versuslong/short style investing, see limanen, Israel, and Villalon (2014). And for more on multi-asset style investing,
see Asness et al. (2015a). While we do not getinto “130/30” (also calledrelaxed constraint or active extension) implementation in any detail
here, it's worth mentioning that it can be considered a hybrid between long-only and long/short approaches.

® We do see a standalone rolefor some risk-reducing styles(such as defensive equity ortrend-following) when an investor'sfocus is on
downside protection for their total portfolio.
" Novy-Marx (2012, 2013); Asness, Frazzini, and Pedersen (2013); Asnesset al. (2015a); Frazzini et al. (2013). Diversification doesnot
eliminate the riskof experiencing investment losses.
® In orderto fully embrace thismulti-asset approach, however, investorsneed to adoptthe long/short framework. There are certain asset
classes where along-only style portfolio wouldn’'t apply, such ascurrencieswhere there isno real benchmark
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and empirical evaluation over longer histories, we do expect themto pay off overthelong-run. We now focus on a number of
the portfolio construction decisions that may improve the targeting and capturing of style premia; we focus mostly on
long/short value portfolios in U.S. equities, butwhere relevant, may use along-only approach ora different style to illustrate
our point.

Smarter Style Measures

Typically value portfolios sort stocks based on some measure of fundamental value relative to price, such as book value
relative to price orearnings relative to price. While these concepts might seemsimple, practitioners may vary the inputs that
they useorthe adjustments that they make in defining each measure. Forexample, whetherornot toinclude intangible assets
and/or non-operating assets® can differ among managers in calculating the book value of a company. For eamings
calculations, managers may also treat unusual or infrequently occurring items differently.

Surprisingly, even thechoice of market price can also vary by manager: the price used can be the latest figure or a lagged
one. The standard academic approach, HML (“High Minus Low”), uses the price that existed contemporaneously with the
bookvalue, which dueto financial reporting canbe lagged by 6to 18 months. To illustrate why this decision is important and
why using lagged price might differ from using the latest price, consider a companythatlooked expensive based on its book
value and price from six months ago, but whose stock price has fallen over the past six months. Holding book value
constant,™ this stock should now look better froma valuation perspective (since the price is lower). Yet, in a traditional
definition (usinglagged prices) the stock is viewed the same way irrespective of the price move. As a result, HML can be
viewed as an incidental bet on both value and momentum.

To correct for this “noisy” combination of valueand momentum, Asness and Frazzini (2013) suggest replacing the 6- to 18-
month lagged market price with the current market price to compute valuation ratios that use more updated information.
Measuring HML using current price (what they refer to as “HML Devil”) seeks to eliminate any incidental exposure to
momentum, resulting in a better proxy fortrue “value,” while stillusing information available at the time of investing. While
such an adjustment may seeminconsequential, it can actually make a big difference — ultimately, the devil is in the details
(as we will show again and again throughout this paper?).

Multiple Style Measures

While stocks selected using the traditional academic measure of value (discussed above) performwell in empirical studies ,**
there is no theory thatsays book-to-price is the best measure for value. In fact, we believe other measures can be used and
applied simultaneously to forma more robust and reliable view of a stock’s value.™ In addition to the fact that no theory
exists forwhy you would use only one measure, there is actually a strong theoretical argument forwhy you would want more
than one:regardless of whether you believe style returns comes from capturing a risk premia or a mispricing, a multiple-
measure approach canreduce the measurement noise associated with any onemeasure. Utilizing multiple measures can help

° Penman, Richardson, and Tuna (2006).

“While such an assumption may be unrealistic, Asnessand Frazzini (2013) show that movesin bookvalue are generally smallerthan market
moves.

" Famaand French (1992).
2 Frazzini et al. (2013); Asnesset al. (2015c).



isolate the common component (the “true” measure of value), which is the core of what we’re trying to capture. As such,
investors can relate prices toa variety of other reasonable fundamentals, including, but not limited to, earnings, cash flows,
and sales. To understand the potential benefits of a multiple-measure approach, Exhibit 1 looks at rolling 5-year Sharpe
ratios fortwo value portfolios: one based on just book-to-price, and another based on a composite of five different value
indicators.”

The results showthat both book-to-price and multiple value measures provide positive risk-adjusted returns on average (0.07
and 0.26, respectively),"* and are highly correlated with each other (roughly 0.9 correlated based on monthly returns).
However, the multiple-measure value portfolio outperforms book-to-price in almost every 5-year period since 1990." The
same multiple-measure approach can be applied to other styles too: for example, momentum portfolios that include both
earnings momentumand price momentummay be more robust. Itis important to note that using multiple measures is not a
form of factor proliferation, which can lead to concerns aboutdatamining; instead, using additional measures leads to a more
robust version of the ideas behind the factors as there isn’t a single, perfect definition of each style.

Exhibit 1 | Diversified Signals May Improve Risk-Adjusted Performance

5-Year Hypothetical Sharpe Ratios: Book-to-Price vs. Multiple Value Measures
U.S. Stocks Long/Short, January 1990 — December 2015
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¥ Here we use book-to-price, eamings-to-price, forecasted earings-to-price, cash flow-to-enterprise value (an adjusted measure of price),
and sales-to-enterprise value.

“ Book-to-price was the worst performer within the multiple-measure value composite; however, the composite still outperformedthree out of
the five standalone measureson a risk-adjusted basis overthis period.

® Hypothetical performance data hascertain inherent limitations, some of which are discussed in the disclosures.
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Source: AQR, Russell 1000. For illustrative purposes only and not representative of an actual portfolio AQR manages. For all measures, we
use current prices. The multiple measures include book-to-price, cash flow-to-enterprise value, earnings-to-price, forecasted earnings-to-
price, and sales-to-enterprise value. Value portfoliosare formedevery month by ranking all U.S. stocksin the Russell 1000 universe on
these metrics. Portfoliosare formed by going long the top half (cheap) and short the bottom half (expensive) of stocks; stocks are weighted
by market capitalization. Hypothetical returnsare gross of estimatedtransaction costs. Hypothetical performance data has certain inherent
limitations, some of which are discussed in disclosures. Please read important disclosures at the end of this paper.

Stock Selection and Weighting Schemes

Another portfolio construction design choice that can result in different exposure to a given style, and thus different
performance, is howto select and weightstocks within a portfolio. A common approach among academics is to set a cutoff
and weight stocks in a style portfolio via their market capitalization. The standard academic approach — in Fama French’s
HML, for example — is to rank stocks based on book-to-price, go longthe top 33% of stocks with the highest book-to-price
and shortthe bottom 33% with the lowest book-to-price, and thenweight those stocks based on their market capitalization.
However, the 33% cutoff is just one choice a manager can make; as is the choice of weighting by market capitalization.

To illustrate this point, let’s goback to our hypothetical value portfolio based on multiple measures from Exhibit 1. Here we
are creating a portfolio based on the top 50% of stocks with the highest “composite” value rank across five different value
measures. Every month we rank stocks based on each value measure, and go long the top 50% of stocks with the highest
aggregate score andshortthe bottom50% with the lowest score; we thenweightthe stocks in the resulting portfolio by their
market capitalization (i.e., market-cap weight). The 50% cutoff is one choice we made; if, however, we had decided to
restrict the portfolio to the top 33% (as per the standard academic approach), the portfolio would end up having more
concentrated value exposure and slightly better performance, but also higher risk, and therefore virtually the same Sharpe
ratio.

An alternate weighting choicethatcan result in even more value exposureis to account for relative cheapness within stocks
held long and short. This approach assigns larger positive (negative) weights to the stocks thatrank most (least) favorably on
its value rank (i.e., signal-weighting). While weighting stocks in a value portfolio based on signal strength results in the
highestexposureto the desired style (andtherefore potentially higher returns and Sharpe ratios), it tends to result in exposure
to smaller, less liquid stocks, effectively foregoing some of the potential liquidity benefits of a market capitalization
weighting scheme. As such, an approachthat blends market capitalization and signal strength may provide a good balance
between liquidity and higher expected gross return.'®

The results forall theseweighting choices are shown in Exhibit 2. The point here, again, is notto argue for specific choices,
though we of course have and will share our favorites. The broader pointis that evenafter substantial agreement on the basic
styles, there are many important choices to be made.

' Note that these results are gross of transaction costs.



Exhibit 2 | Different Selection and Weighting Schemes Produce Varying Performance

Weighting Stocks in a Hypothetical Value Portfolio
U.S. Stocks Long/Short, January 1990— December 2015
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Source: AQR, Russell 1000. For illustrative purposes only and not representative of an actual portfolio AQR manages. The portfoliois
constructed every month by first sortingstocks on multiple measures including book-to-price, cash flow-to-enterprise value, earnings-to-
price, forecasted earnings-to-price, and sales-to-enterprise value. T he long/short portfolio isformedby going long (short) the cheap
(expensive) stocks. Value portfoliosare formedevery month by ranking all U.S. stocksin the Russell 1000 universe. We test two cutoffs:
top thirdminus bottom third and top half minus bottom half. T he portfolio weights stocks either by the market capitalization of the stocks,
the relative ranking of the stocks, or a blend of the two measures based on a 50/50 weight. Throughout, we use current prices. Hypothetical
returnsare gross of estimated transaction costs. Hypothetical performance data has certain inherent limitations, some of which are

discussed in disclosures. Please read important disclosures at the end of this paper.

Unintended Risks

There are also specific choices managers may make to help mitigate poorly rewarded or unintended risk exposures. Even if
the manager has the intention of capturing the purest formof a risk premium, certain design choices can result in other
embedded risks. These risks might be unintentional, or even worse, unwanted and perhaps uncompensated.

To illustrate this point, let’s examine the Fama-FrenchHML portfolio, butconstructed using current prices as done in HML
Devil.'" Recall that this portfolio follows an academic methodology: ranking stocks based on book-to-priceand selecting the
top 33% stocks togo longand the bottom33% to short.® This simple ranking results in a portfolio that implicitly takes style
bets both within industries and across industries, withoutany explicit risk controls on the relative contributions of each. In
addition, eventhough this portfolio is constructed with $1 long and $1short, it can stillhave varying market beta over time.*

' For the remainder of thispaper we will utilize current (rather than lagged) prices, asdone underthe HML Devil approachas discussed
earlier. However, for simplicity we will refer to thisportfolio asbook-to-price.
'® Fama and French utilize current pricesand also construct their portfolios over the entire CRSP universe (large - and small-cap stocks,
including many micro-cap stocks).
¥ See Israel and Ross (2017)for more on how HML’smarket exposure variesovertime.
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The average risk exposures of this portfolio are shown in the pie chart in Exhibit 3 where we use portfolio holdings to
breakdown risk exposures. Theresults show thatthe majority of risk is coming from market exposure and industry selection
(value across industries), with only 32% of the risk coming from stock selection (value within industries).

To understand howa long/short value portfolio can have suchsignificant market (and industry) risk, consider what happened
during the technology bubble: technology stocks were expensive based onbook-to-priceratios and were generally higherrisk
as well, which meant that they exhibited higher market beta. Because thesestocks fellon the short side of a naive $1 long/$1
short value portfolio, that portfolio would have been netshortthe technology sector and effectively the market as well (i.e.,
higherbeta on the short sidethanthelong side). A key question here is whether timing the market and technology sector is
intentional. In general, we believe that ifan exposure is intentional and believed to be compensated, it’s better to separately
and explicitly gain said exposure, rather than let it fall out of a naive implementation. If exposure is neither intentional nor
compensated, we believe that risk should be eliminated.

So howshould managers deal with these risks? One way may be to “hedge” out these risks and build a value portfolio that
isolates style exposure. For market risk, that might mean constructing a portfolio with a beta of zero (i.e., the long side beta is
equalto the short side beta), effectively hedging out market risk.?° For industry risk, one might apply style measures (book-
to-price, forexample) on a within-industry basis (i.e., focus on comparisons relative to industry peers).”* Managers may then
avoid unintended industry bets but also make explicit inter-industry bets where deemed beneficial. However, for styles in
general, we believe it makes senseto assign more risk to within-industry comparisons given the greater breadth (i.e., more
securities within industries than industries tocompare). In addition, at least when it comes to value, industry selection may
not be as well compensated over the long-run.?

To understandthe potential benefits of constructing a “pure play” value portfolio, the right hand side of Exhibit 3 compares
the risk-adjusted performance for a book-to-price portfolio with significant market and industry risk to one that eliminates
any incidental industry and market risk.”® The book-to-price portfolio thatisolates value exposure has delivered higher risk-
adjusted returns. Overlayingan industry neutrality constraint on value strategies often reduces volatility while keeping long-
run returns broadly unaffected, which implies higher portfolio Sharpe ratios.* But the tradeoff is that this adjustment
typically results in higher turnover.”® We are notsaying these choices and trade-offs are easy or obvious, just thatthey’re real
and should be made consciously.

® For a long-only portfolio, the analogous conceptisto target a beta of 1 to the benchmark; such an approach ensuresthat active returns are
not driven by the market.

 Note thatindustriesare just one way to define peers; an additional craftsmanship refinement may be to define peer groupsth rough
additional economic and statistical linkages, forexample.

% For momentum there ismore evidence that it iseffective acrossindustries. Moskowitz and Grinblatt (1999); Asness, Porter, and Stevens
(2000).

# Managerscan also seek to mitigate these risks by explicitly hedging them, separating comparisonsof stocks within industriesfrom
comparisonsacross industries, or diversifying acrossmulti-style portfolios. Forinstance, in the case of industry exposure, combining value and
momentum may provide offsetting industry exposure. Thinkof the tech bubble — during thisperiod a value portfoliowould be underweight
“expensive”tech stocks, while a momentum portfoliowould be overweight “increasing in price” tech stocks. The combination of these two
styles may help mitigate industry exposure.

*'specifically, portfoliosthat are long high within-industry B/P stocks and short low within-industry B/P stocks should have about the same to
slightly higher expected return, but lessvariance, than portfolioslong high market-wide B/P stocks and short low market-wide B/P stocks
(Asness, Porter, and Stevens, 2000).

% |n general, when portfolio adjustmentsresult in higher turnover, investorsneed to consider transaction costsand taxes. The higher costs

associated with additional turnover may be mitigated through efficienttrading — more onthisto come. The tax efficiency of a portfolioisa

complicated function of turnover, short-and long-term gain andlossrealizationsand dividend income. Seelsrael and Moskowitz (2012) and
8



Exhibit 3 | Naive Approaches Result in Significant Market and Industry Exposure

Hypothetical Book-to-Price Risk Decomposition Sharpe Ratios of Simple vs. Risk Controlled Book-to-Price Portfolios
U.S. Stocks Long/Short, January 1990-December 2015 U.S. Stocks Long/Short, January 1990-December 2015
020 -
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B Stock Selection g
0.05 4
0.00 -
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Source: AQR, Russell 1000, MSCI BARRA. For illustrative purposes only and not representative of an actual portfolio AQR manages. We
form our value portfolio every month by rankingall U.S. stocksin the Russell 1000 universe on book -to-price. The portfolio is formed by
going long the top third (cheap) and short the bottomthird (expensive) of stocks; stocks are weighted based on mar ket capitalization. The
risk decomposition (on the left) iscomputed by analyzing of the holdings of the hypothetical long/short value portfolio. Usingthe BARRA
USE3L risk model, we decompose holdings into three components: 1) a market portfolio based on the value portfolio’s market beta
multiplied by the Russell 1000 index, 2) an industry portfolio, based on the value portfolio’s beta to each industry multiplied by the
respective cap-weighted industry portfolio, and 3) the residual portfolio thatis free of market and industry biases. The Sharpe ratios (on the
right) use the long/short value portfolio comparedto the residual portfolio thatisfree of market and industry biases. Hypothetical
performance data has certain inherent limitations, some of which are discussed in disclosures. Please read important disclosures at the end
of thispaper.

It’s also important to note that these risks are notjustpresent in value portfolios. A momentum portfolio that simply ranks
stocks based on past 12 month price returns and overweights the relative winners may result in a portfolio that implicitly
makes market bets. Forexample, during a bull market, the stocks that tend to outperformare typically higher beta names; so
by going long these stocks, the momentum portfolio will have significant market beta. Put differently, the momentum
portfolio construction implicitly times the market: generally overweighting the market afteran up market and underweighting
after a down market. This may or may not be desired, but it should be consciously chosen!

Lastly, while we have focused onmarket and industry risk, there are also other unintended risks that may be hedged from
portfolios. Forexample, in international equity portfolios, a manager can havestock, industry, country and currency risks.?
Forinstance, in creating a portfolio, if one just ranked all global stocks on valuation, part of the risk would come frombuying
cheap stocks within each country, part fromcountry tilts, and perhaps evenodder, part from currency bets. You may or may

Sialm and Sosner (2017) for more information on the after-tax performance, tax exposure, and tax efficiency of equity styles.
* Aghassi etal. (2011).



not desire allthosebets, but you certainly may desire themat different levels of risk/confidence than what falls out of this
simple ranking approach. We believe a better approach to building style portfolios separates and manages these risks
independently. This approach may improve the comparability of stocks by controlling for differences across industries and
countries, and allows the manager to betterallocate and control risk to each source of return (i.e., capture and target risk to
each return source independently).

Volatility Targeting

Typically, investors understand thatthey mustperiodically rebalance their portfolios to maintain a strategic asset allocation.
Yet, many investors commonly let their portfolio volatility fluctuate with market volatility, which can result in large time-
varying portfolio risk where returns tend to be dominated by certain periods of higher volatility. Volatility (or risk) targ eting
is an approachthatseeks to yield more consistentrisk-taking over time, by adjusting nominal position sizes dynamically in
response to these portfolio volatility changes. Suchan approach may lead to more stable portfolios and better diversification
acrosstime periods. Similarly, volatility targeting each style within a multi-style portfolio can lead to better diversification at
all times. As a result, volatility targeting is a technique that practitioners may use when constructing long/short style
portfolios. In long-only portfolios, the analogous concept is targeting tracking error.

Of course, targeting a more consistent level of volatility only makes sense if investors believe that it is forecastable (one
needs forecastable volatility in orderto targetit), and also that thetrading costs of doingsodo not eliminate the benefits. To
understand ifthis approach is realistic and beneficial, Exhibit 4 looks at the realized volatility overtime for two hypothetical
value portfolios, a long/short value portfolio where the volatility is not controlled, and one where the portfolio is scaled to
target a fixed volatility. The volatility targeted portfolio has realized volatility that is more stable and closer to the target
volatility over time.

It is also worth noting that there could be a case for allowing volatility to fluctuate, for example, if higher volatility is

associated with higher Sharpe ratios. But without a view on attractiveness, taking a consistent level of risk (i.e., being
diversified across time) seems to be a defensible approach.
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Exhibit 4 | Diversification Through Time

Hypothetical Three-Year Rolling Volatilities of Book-to-Price Portfolios
U.S. Stocks Long/Short, January 1990 — December 2015
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Source: AQR, Russell 1000. For illustrative purposes only and not representative of an actual portfolio AQR manages. Volatilities above
are computedon 3-year rolling returns of long/short book-to-price portfolios. Value portfolios are formedevery month by rankingall U.S.
stocksin the Russell 1000 universe on book-to-price. The long/short portfolio is formed by going long the top half (cheap) and short the
bottom half (expensive) of stocks; stocks are weighted by value signal strength. Both volatility-adjustedand non-volatility-adjusted
portfoliosare designed to be market andindustry neutral ex-ante. The volatility adjusted portfolio targets 5% volatility at each rebalance;
thislevel was chosen since it was the average volatility of the book-to-price portfolio. Hypothetical performance data has certain inherent
limitations, some of which are discussed in disclosures. Please read important disclosures at the end of this paper.

Integrating Styles in a Multi-Style Portfolio

Similar to weighting stocks in asingle style portfolio, there are also differentways to weightstyles in a multi-style portfolio.
There are two popularapproaches that are often considered as potential starting points for investors: the “portfolio mix” that
builds astyle portfolio by investing in separate, standalone style portfolios (effectively an “a la carte” approach to style
investing) and the “integrated approach” that endogenously integrates styles directly in the portfolio construction process.
The portfolio mix approachmay be used by individual investors building their own portfolios (perhaps diversifying across
managers), or by managers building a multi-style portfolio for them.

To understand how theseapproaches candiffer, consider two portfolios thataimto take advantage of two historically lowly
correlated styles, value and momentum: the portfolio mix first picks the “best” value stocks and the “best” momentumstocks
and then combines them to form a portfolio; in contrast, the integrated approach first blends each stock’s value and
momentumscores and thenforms a portfolio with the stocks that look best in combination (i.e., it considers the exposure to
both styles before investing). The two approaches can actually end up holding very different stocks (especially when
investingin lowly correlated styles, such as value and momentum). To see why this may be the case, the top half of Exhibit 5
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shows a simple example of how 16 representative stocks (as represented by the boxes) map to different portfolios based on
their value and momentumscores or “grades.”

Focusingfirst on thetop left long-only example, we see that stocks thatscore highly based on value and momentum make it
into both themix and the integrated portfolios, but those that look excellent on onestyle (e.g., “A” on value) and terrible on
the other (e.g., “F” on momentum) are those that make it into the portfolio mix only. Notably, the integrated approach avoids
these stocks (e.g., “A/F”value/momentumcombinations) and instead focuses on stocks that look ‘good’ on both value and
momentum (e.g., “B/B” combinations).

Now, consider how the same 16 stocks map to different long/shortportfolios (topright of the BExhibit). The ability to go short
means that we can now take advantage of stocks thatare unattractive based on valueand momentum.”” For both the portfolio
mix and integrated portfolios, stocks that look excellent (terrible) on value and momentum make it into the long (short) side,
while the integrated portfolio also focuses on stocks that look good (bad) in combination for the long (short) sides. There is
one subtle nuance with the long/short approach that is worth highlighting: the “A/F” stock does not actually make it into the
mix portfolio (as it did forlong-only);this is dueto the offsetting nature between the “A”stock long and the “F” stock short,
which can be expressed in the long/short example.”®

It turns out these kinds of distinctions have implications when it comes to returns. Stocks thatlook excellent on one style, but
horrible on the other (e.g., “A/F” stocks) have mediocre expected returns, while those that look good on each style (e.g.,
“B/B” stocks) have higher expectedreturns. The long-only integrated portfolio correctly avoids the former types of stocks
and instead focuses on thelatter, underscoring the importance of an integrated approach for long-only investing (a point
which is discussedat length in Fitzgibbons et al., 2016). However, integration is also important for long/short portfolios as
the types of stocks that make it into the mix still tend to underperformthose in the integrated. The bottom half of Exhibit 5
examines the performance differences between various groupings of stocks. It shows that the stocks that are unique to the
integrated portfolio tend to outperform those that are unique to the portfolio mix— for both long-only and long/short
portfolios.

# Note that a long-only portfolio can take advantage of unattractive stocks by holding them at a weight lessthan the benchmark(.e.,
underweightthese stocks). However, for simplicity, we choose to represent pure longsand shortshere.

% Such a stock actually "makesit" into both the long and short side, but it would not appearin the implemented portfoliodue to position
netting. If the long/short value and momentum portfolioswere run separately it wouldindeed appearin the long portfolio of oneand inthe
short portfolio of the other.
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Exhibit 5 | Comparing Portfolio Mix and Integrated Approaches, Long-Only and Long/Short

Long-Only Portfolio Mapping Long/Short Portfolio Mapping
Hypothetical Example of 16 Stocks Hypothetical Example of 16 Stocks
| A | | F | A | | F |
PortfolioMix  PortfolioMix “ Portfolio Mix
Only Only Only
)”t%?r:fyted lnt%g';”r/(z/ted F’ortg’:ql’i;)Mix
PortfolioMix PortfolioMix Integrated
Only Only Only
- PortfolioMix — PortfolioMix
Only Only
Stocks Not in Any Style Portfolio
Hypothetical Performance of Various Groups of Stocks
U.S. Stocks, January 1990 - December 2015
Long/Short
Alpha* 1.9% 1.6% 0.7% 6.5% 5.4% 4.2%
t-statistic 2.88 211 0.73 3.63 2.94 2.15
Example Stocks Long: Val/Mom“Grade” AIA B/B A/IC& AJF A/A B/B A/IC
Example Stocks Short:Val/Mom"Grade” - - - F/E c/C BIF

* Alpha is measured relative to an equally-weighted composite of Russell 1000 stocks. The stocks in each respective group are also
equally-weighted.

Source: AQR, Russell 1000. For illustrative purposes only and not representative of an actual portfolio AQR manages. The long-only
“portfolio mix” is constructed by equally weighting standalone value (book-to-price) and momentum (past 12-monthprice return,
excluding the recent month),each with a 15% cutoff based on the Russell 1000 universe. The long-only “integrated” portfolio is
constructed by first combining value and momentum scoresand then selectinga cutoff so that it has the same trackingerror as the portfolio
mix. The long/short portfolio isconstructed using a similar approach, with the portfolio mix usinga 15% cutoff and the cutoff for the
integrated portfolio determinedso that it hasthe same leverage and volatility asthe portfolio mix. These simple portfoliosare neither
market- nor industry-neutral. Returnsare gross of transaction costs. Hypothetical performance data has certain inherent limitations, some of
which are discussed in disclosures. Please read importantdisclosures at the end of this paper.

While we have focused on performance differences, an additional benefit of an integrated approachis the potential reduction
in transaction and other costs. Forming a portfolio of multiple styles in an integrated way allows managers to net positions
and trades, which may allow for a reduction in turnover of the portfolio.” However, the tradeoff is that allocation and
attribution may not be as straightforward.*

Strategic or Tactical

A bigger picture question when it comes to investing in styles is whether to tactically time or to simply maintain strategic
allocations. Tactical timing means owning more (less) of a particular style when its expected return is higher (lower) than
normal. Practitioners use a variety of ways todetermine whethera style is conditionally attractive; for instance, timing may
be based onvaluation metrics (increasing/decreasing the weight ofa style when the spreads in valuation between the long

® There are also potential tax benefitsto an integrated approach. See Israel and Moskowitz (2012) for more information on the tax efficiency

of standalone and integrated equity styles.

¥ For an integrated approach, allocatingto stylesisdone in the portfolio formation processand therefore the attribution processis not as

straightforward asallocating to standalone style portfolios. See Fitzgibbonset al. (2016) for more on the benefitsof an in tegrated approach.
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and shortsides are wide/tight), momentummeasures (increasing/decreasing the weight of a style when recent performance
has been betterAworse), or macroeconomic conditions (identifying the best market environments for each style). While several
studies have looked at the efficacy of tactical timing (whether for markets or styles, based on a variety of measures), the
evidence shows that timing is very difficult in practice.** Valuation timing tends to have slightly more predictive power for
long-horizon factor returns, particularly for slower turnover factors (like the market itself and, to a lesser extent, the value
factor) versus faster ones.* Still, the evidence shows that the benefit of timing strategies has been weak historically, and
some tests of the long-term power of timing may even be exaggerated and/or inapplicable.®

Specifically, for factors theevidence on timing is further complicated by the fact that timing styles based on valuation is
highly correlated with having direct value factor exposure in the portfolio. As such, value timing may not add much to a
portfolio that already has a strategic allocation to value. These results are addressed in Asness et al. (2017), who show that
the baris raised further for contrarian style rotation when the relevant benchmark is a strategically diversified multi-style
strategy with direct value exposure. Thus, contrariantilting across style premia is potentially evenharder to do successfully
than contrarian market timing.

To furtherunderstand the high barto timing styles, we ask the question of how good (or skilled) you would need to be at
timing to justify tactical tilts. We do sorelative to a diversified baseline portfolio, an equally-weighted 50/50 combination of
value and momentum,* and fora timing strategy thatis based on valuation metrics (i.e., one that is correlated with strategic
value exposure).® For simplicity, we ignore the (weak) empirical evidence on the efficacy of value timing, and instead,
define timing ‘skill’ by assumed standalone strategy Sharpe ratios. The results in Exhibit 6 show that the amount of timing
(or how large the tactical tilt should be) varies as a function of skill: modest timing skills merit modest tilts. Importantly,
timing skills need to be betterthana 0.1 Sharpe strategy to merit any weight at all; that is, when the timing strategy has a 0.1
Sharpe ratio, it may be better to stick with the strategic value/momentumweights. But even when timing skills are very large
(the standalone timing strategy Sharperatio is 0.5), the results show that the size of the tilt should still be modest, at +/- 12%.
More extreme tacticaltilts require higher levels of skill to justify the concentration. Timing skills must be good enough to
overcome not only thehurdle ofagood starting point (such as a well-diversified portfolio of multiple styles), but also the
transaction costs of doingso as tactical allocators often face higher turnover than their strategic counterparts. Finally, the
results shown here have lookedat a timing strategy thatis positively correlated with the strategic baseline exposure, but if
instead such a strategy were lowly correlatedto the baseline portfolio (i.e., the baseline portfolio did not already have value

% Asness, llmanen,and Maloney (2017) focuson valuation-based market timing and show that correlation evidence (in-sample and over long
horizons) make contrarian market timinglookpromising,yet when an actual contrarian tradingrule isap plied, the performance improvement is
weak.

® There may also be a case fortiming at extremes: when the spread between ‘cheap’ and ‘expensive’ assetsis particularly wide. One period
in which value timingwasat extremeswas during the tech bubble (1999-2000). While a value investor wasultimately rewarded handily after
the tech bubbleburst, she would have lost a lot before making anything, highlightinganother example of how value timing may be difficultin
practice.

® Timing strategy backtests can be vulnerable to look-ahead biases. In particular, the use of in-sample spreadsmay over-fit the past and
under-deliverin the future (see Asness, IImanen, and Maloney,2017) and attemptsto increase the sample size by using overlapping dataor
performing multiple regressionsover different horizonsdo not improve inference about long -horizon return predictability (see Boudoukh, Israel,
and Richardson, 2017).

¥ Given assumed volatilitiesof 5% and expected Sharpe ratiosof 0.5 foreach style, the equally-weighted combination hasa Sharpe ratio of
around 1.0, due to diversification. These stylesare diversifying to each otherasthey are -0.5 correlated. The 1.0 strategic baseline Sharpe
ratio isconsistent with long-run empirical evidence on an equally-weighted value (HML) and momentum (UMD) portfolio.

* Historically, the contemporaneouscorrelationsbetween the retumnsto value timing (difference between the value-timed multi-style portfolio
and the non-timed multi-style portfolio) and returnsto value and momentum are +0.7 and -0.6, respectively (see Asness etal., 2017).
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exposure)® there could be a case for higher tilts. Similarly, a lower baseline strategic Sharpe ratio could also merit higher
tilts.*’

The decision of whether to time styles (and by how much!) should ultimately depend on how skilled you are at timing,
combined with what is already in your portfolio. W e believe that strategic diversification generally beats extreme tactical tilts
(i.e., tactical concentration) andthatifyou are to try to time factors (or the market) you should doso on the margin (i.e., “sin
a little”).*® The positive craftsmanship choice here is resisting the temptation to sin a lot.

Exhibit 6 | The Bar for Tactical Timing

Size of Optimal Tactical Tilt as a Function of Skill
Given a Strategic Baseline Portfolio with a Sharpe Ratio of 1.0

20%

15%
X
=
i=

< 10%
0
)
O
©
l—

5%

0%

0 01 0.2 03 04 0.5

Sharpe Ratio of Hypothetical Tactical Timing Strategy

Source: AQR. The example aboveisprovidedforillustrative purposesonly. The baseline portfolioisa simple equal-weighted 50/50
combination of value and momentum, assumingthe two stylesare lowly correlated (-0.5 correlation). For value and momentum, we assume
arithmetic Sharperatiosof 0.5 and volatilitiesof 5%, such that the combination of value and momentum (the strategic baseline portfolio) hasa
Sharpe of 1.0. We then evaluate the inclusion of a timing strategy with a correlation of +0.7 with valueand -0.6 withmomentum, and solve for
optimalriskallocation to thetiming strategy at different Sharperatios. Thatis, given a Sharpe assumption for a timing strategy, how much risk
would you want to take in it; we then translate that riskto a tilt. Transactioncostswill likely further penalize tactical strategies. Please read
important disclosuresin the Appendix. The Sharpe ratiosand volatility assumptionsused are meant to be illustrative and not based off of any
actual underlying data. Hypothetical performance data hascertain inherent limitations, some of which are discussed in disclosure s.

* For example, if an investor doesnot have value exposure in their strategic portfolio, then value timing may be potentially a dditive. However,
compared to an explicit risk-targeted strategic allocation to value, value timing providesan intermittent and sub optimal amount of value
exposure; Asness etal. (2017).
¥ In ourexample, we have assumed a baseline portfolio that hasa Sharpe of 1.0. If, however, the baseline portfolio had a lowe r Sharpe ratio,
the results would imply higher tactical tilts.
¥ Asness, llmanen,and, Maloney (2017); Asnessetal. (2017).
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In this sectionwe have focused ondesigndecisions and choices thatmanagers can make when constructing style portfolios
— each choicehas the opportunity to add value or subtract if done poorly, but may also require sophisticated portfolio
constructiontechniques. These individual choices may result in more modest Sharperatio improvementsthan, say, the large
gains to diversifyingacross factors. But, while these improvements may seem incremental, they are still worth pursuing as
every little bit counts. At the end of the day, it is up to the manager to decide howto construct her style portfolio; we aimto
highlight how various craftsmanship choices can affect exposures and performance of style portfolios.

How To Execute Style Portfolios?

While portfolio constructiondecisions may allow managers to more-efficiently harvest the underlying risk premia through
enhancedsignals or better weighting schemes, it is important to ensure that trading and risk management decisions do not
erode the value added fromother steps of the process.

Portfolio Implementation

The previous sectionoutlined some choices managers need to make when designing their theoretical style portfolios. So far,
the discussion has focused on portfolio construction in a world without real-world costs, suchas thecost totrade toward that
theoretical, ideal portfolio. Effective portfolio implementation is aboutachieving high returns netofthosecosts. A simplistic
implementation is to build theoretical portfolios, and trade directly to them, withoutweighing the expected benefit of trading
to the ideal portfolio against theexpected trading cost of doingso. Style investing requires active portfolio rebalancing: what
was considered cheap yesterday may no longer be trading cheap today. Because of this dynamic nature of style investing, it’s
very important to think about execution and implementation.

Toillustrate this point: consider a style portfolio that rebalanced at different frequencies. A portfolio that is rebalanced daily
may result in the “freshest” portfolio (with the highest correlation with the ideal portfolio) and the highest gross-of-
transaction-costs performance; while a portfolio thatis rebalanced annually will likely be “stale” (furtheraway fromthe ideal
portfolio) and therefore have worse gross performance. But these comparisons don’t take transaction costs into account.® A
better pointof comparison s to focus on net-of-transaction-costs performance. Obviously the daily rebalanced portfolio will
incur high transaction costs, thereby reducing the gross performance benefits. And the annual rebalanced portfolio will have
much lower transaction costs, but applied against lower gross returns. Ultimately, the transaction costs savings of rebalancing
ata lower frequency needs to be weighed against the performance degradation of trading a more stale portfolio (i.e., thereis a
tradeoff between the cost of trading vs. the opportunity cost of not trading). Exhibit 7 looks at a simple long/short
momentumportfolio and shows the impact that different rebalancing frequencies can haveon gross and netperformance. We
focus on momentum because of its higher natural turnover, relative to other styles. As a result of its higher turnover,
rebalance decisions may have a larger impact for momentum portfolios.

® See Israel and Moskowitz (2012) for more information on taxesand style investing, and Frazzini, Israel, and Moskowitz (2012) formore on
trading costs.
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Exhibit 7 | The Tradeoff Between Rebalancing Frequency and Performance

Performance at Different Rebalance Frequencies for Hypothetical Price Momentum Portfolios
U.S. Stocks Long/Short, January 1990 — December 2015

B Gross Return ENet Return

10.0%

8.0%

6.0%

4.0%

20%

Annual Returns

0.0%

-2.0%
Daily Weekly Monthly Quarterly Yearly

Turnover 58X 22X 9X 4% 1X

Correlationto‘;hte"\deal" 1.00 1.00 098 095 075
Portfolio

* The “ideal” portfolio reflects the model based on past 12-month price returns, excluding the most recent month, rebalanced daily.

Source: AQR, Russell 1000. For illustrative purposes only and not representative of an actual portfolio AQR managed. We vary the
rebalance frequency ona long/short momentum portfolio. Returnsare shown gross of cash. The momentum portfolio is formed at various
frequencies, as shown along the x-axis, by ranking all U.S. stocksin the Russell 1000 universe on past 12-month price returns, excluding
the most recent month. A long/short portfolio is formedby going longthe top half (outperformers) and short the bottom half
(underperformers); stocksare weighted by momentum-signal strength. Reportedare returns gross and net of transaction costs. All numbers
are also gross of cash and financingcosts. Transaction costsare calculated using a propriety trading cost model. Turnover is quoted as total
buys and sells over total short-side notional. Please read important disclosuresin the Appendix. Hypothetical performance data has certain
inherent limitations, some of which are discussed in disclosures.

Anotherway to potentially reduce transaction costs is to allow for some deviation fromthe ideal (or “freshest”) portfolio
throughan optimization. Given that a manager has decided to rebalance daily, for example, they may still reduce trading
costs by allowing some deviation to the ideal portfolio. It turns out that varying the deviation can have a similar effect as
changing the rebalance frequency: a higher deviation induces greater style drift and therefore greater performance
degradation, but also less turnover and therefore, lower transaction costs.

This exercise is not meant to suggestthat there is one magic turnover level thatworks for all style portfolios. The behavior of
style portfolios constructed by different managers can vary greatly (we’ve already shown several design decisions in this
paper that can lead to vastly differentportfolios); as a result, it may not be informative to compare turnover or transaction
costsinisolation across different products or managers. Low, or high, turnover by itself should not be seen as a virtue.
Ultimately, net returns, judged over a long enough sample period, is a better way to compare different strategies.

Cost-Effective Execution
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We have discussed the tradeoff between expected returns and rebalance frequency and how transaction costs play a crucial
role in that determination. But it’s also importantthat once therebalance frequency orturnover is set, managers utilize smart
trading techniques to minimize costs incurred per dollar traded. A big portion of trading costs for large investors is price
impact,® or how different the execution price is relative to the price at the time the manager enters the market. Price impact
often dwarfs explicit costs like commissions. Interestingly, however, many managers and investors focus on the explicit,
rather than the implicit, costs of trading.

One way that managers may reduce their market impact is by being patient. Using real world execution data, Frazzini, Israel,
and Moskowitz (2012) observe that the greater the participation rate (shares traded/market trading volume) the costlier it is to
trade. Exhibit 8, extracted from their paper, shows that trading 2% of a stock’s daily volume results in roughly 17 basis
points (bps) of market impact; in contrast, trading 6% costs roughly 28 bps per dollar traded on average. An implication of
this is that ifa manager wants to trade 6% ofa stock’s daily volume, there needs to be a decision onhowbestto do so. In the
case of style investing, trades are generally based onslower signals (rather than higher frequency ones), so a manager may
choose a patient trading approach. Rather than completing the trades in one day, they may spread themout across 3 days
(utilizing roughly 2% oftrading volume per day). A patient trading approach such as this may reduce trading costs.** A
similar logic can apply to intra-day trading: spreading outtrades over the course of a day, rather thantrading in a shortperiod
(e.g., around market close), will likely lead to lower market impact.

Exhibit 8 | Smarter Trading Can Reduce Transaction Costs
Market Impact by Fraction of Trading Volume

August 1998 — September 2013
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Average daily volume

Source: Frazzini, Israel, and Moskowitz (2012). The data through 2013 isan extension of datafrom 2011 using the same methodology. For
illustrative purposes only. Plotted isthe average market impact for actual live tradesfrom AQR’s proprietary database, as in Frazzini,
Israel, and Moskowitz (2012). T he authors sort all trades in their dataset into 30 binsbased on their fraction of daily volume and compute
average market impact for each bucket. Thisincludes all available developed market equity transactions (cash equities and equity swaps) in
their data between August 1998 and September 2013. See Appendix A for more detail. Market Impact is in basis points (annualized) and

“ See Frazzini, Israel, and Moskowitz (2012) for additional information on explicit (commissions, bid-askspread) and implicit (price impact)
trading costs.

“" In ourexample, thetrading cost savingscould be 11bps (28 bps-17bps), but thisis likely an overestimate aswe cannot assume the cost
functionsoverthree daysare independent. Thatis, trading 2% on the last day might be costlier thantrading 2% on the first day, since you've
been trading inthe same direction for consecutive days. However, thisestimate of reduced trading costsshould be directionally correct.
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defined as the difference between trade-weighted average execution price and the price at the time the manager entersthe market. Please
read important disclosures in the Appendix.

Risk Management

Another important aspect of running a style portfolio is being intentional in the type of risks the portfolio takes on and
managing those risks through time. We have already touched on hedging out unintended risks (such as market or even
industry risk) and volatility targeting, butthereare other dimensions of risk investors need to be mindful of as well; these
include leverage, illiquidity, solvency (i.e., adequate free cash levels), left tail risk, and correlation risk (i.e., styles becoming
more correlated). For long/short portfolios, leverage is an important risk dimension, which can be managed by varying
exposures as volatilities movearound (e.g., reducing leverage whenvolatility increases), limiting leverage at some absolute
level, trading liquid instruments, and maintaining comfortable levels of cash to support that leverage.

Even with thoughtful risk management, there can be painfultimes for style portfolios. Having a pre-specified plan for how to
handle a crisis is of paramountimportance, especially for long/short levered portfolios. One alternative is doing nothing, but
it is unlikely amanager can actually stick to that in all circumstances. The reality is that in a crisis, risk aversion tends to
increase; eventually risk appetiteand risk levels diverge enough such that they have to be brought back in line, which is
typically accomplished via deleveraging. This behavior often means that investors capitulate at thebottom or worst possible
time, and then are averse about putting risk back on.

To help avoid this typeof situation, investors can benefit fromhaving a systematic plan in place on how to handle a crisis.
This type of plan begins cutting risk when the portfolio experiences a drawdown, or if the short-term tail risk of the portfolio
goes up. It then systematically adds back risk as the returns improve and the left tail risk subsides.* In other words,
mechanical drawdown rules may dial down risk if pre-specified loss levels are reached (and dial risk exposures back up when
performance recovers). A pre-specified planned drawdown control systemmay be beneficial in times of panic; underscoring
the importance of havinga plan before you need one. Such an approach may allow investors to maintain diversification and
stay invested in tough times.

Conclusion

Throughoutthis paperwe have discussed many of the craftsmanship choices that can be made when constructing style
portfolios. While there may be broad agreement on the major styles that drive asset returns, we have shown that when it
comes to style investing, many details matter — from how to transformsignals into portfolio weights to risk control to
optimization to trading. In the design of style portfolios, craftsmanship choices are present again and again, explicitly or
implicitly, and these are the kinds of decisions that can impact investment success.

While there may not always be a clear right or wrong with some of these design decisions, managers should be able to defend
their choices and understand their implications. We believe design choices that are based on economic principles and
empirical evidence should lead to better investment outcomes —even if not in every period (over theshort-term, randomness
can trump an ex-ante edge!). Ultimately, what may seemlike inconsequential decisions can lead to a meaningful edge over
time.

* Ourviewis that such a planislikely unnecessary in long-only implementationsbut becomesmore helpfulin long/short portfolioswith
leverage.
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Appendix A: Trade Execution Data from Exhibit 8, Summary Statistics

Panel A: Amount Traded By region By size By portfolio type
(Billion USD)

Year Total U.S. Intemational Large Cap Small Cap Long short  Long only
1998* 296 129 1.67 296 296

1999 529 1.99 3.30 529 5.29

2000 1.99 0.76 1.23 1.99 1.86 0.13
2001 1.08 0.55 0.53 1.08 1.00 0.08
2002 421 0.71 3.50 421 0.00 1.40 281
2003 543 269 275 543 0.00 417 126
2004 10.00 295 7.05 9.99 0.01 6.38 362
2005 16.16 8.06 810 1575 041 11.45 471
2006 67.01 3479 3222 64.23 2.78 44.69 2231
2007 129.46 50.70 78.76 12521 425 96.65 3281
2008 108.29 25.06 83.24 104.27 4.02 69.30 38.99
2009 11112 18.58 92.54 108.12 299 85.50 2562
2010 117.17 29.15 88.02 113.78 338 91.94 2523
2011 146.50 56.62 89.88 141.93 4.58 115.69 30.81
2012 179.09 121.39 5770 173.41 5.68 141.97 3713
2013** 141.18 92.87 48.31 136.04 5.14 95.21 45.98
Total 1.046.94 448.15 598.79 1,013.69 3325 T75.46 271.48

*Indicates partial year from August 31, 1998. **Indicates partial year up to September 30, 2013. Source: T histable shows summary
statistics of the trade execution database used in Exhibit 8. See Frazzini, Israel, and Moskowitz (2012) for more detail. The datathrough
2013 is an extension of data from 2011 using the same methodology as detailed in this paper. For illustrative purposes only.
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