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ARTICLE

Factor Timing: Keep It Simple

April 2021

Readers of “Factor Returns’ Relationship with the Economy? It's Complicated” (Aked,
2020) learned that some degree of variability in a factor's return across the business
cycle exists. Therefore, the ability to add additional sources of return by adding
exposure to more than one factor should be of great interest to investors who seek
more consistency in shorter-term results.! Here, | extend the research of Aked (2020)
to help investors better understand how they can vary their factor exposures through
factor timing to potentially gain more profitable and more dependable investment
results.

Factor timing is the ability to add value to an investment strategy by altering the
exposure to various factors through time. | evaluate three factor-timing strategies
using 1) a factor's historical return, 2) the economic stage, and 3) a factor's discount
and momentum. In each case, the strategy is constructed out of sample, using data
only available at the time of the specific sample period.

We find that the third strategy, employing a factor's discount and momentum, is the
most effective tool for determining how to vary a factor's exposure through time.
Although a factor's return changes throughout the business cycle, the ability to
predict economic regimes and alter factor allocations accordingly produces less
successful results despite being intuitively pleasing. We find that the first strategy,
using a factor’s historical performance as a guide to the future, is nearly worthless.
Therefore, whereas keeping track of the economy is an important part of the overall
investment process, the most important element in factor investing strategies is
maintaining a close link to a factor's discount and momentum.

Factor Portfolio Construction

We examine the same eight primary factors as Aked (2020) (market, value,
investment, size, illiquidity, profitability, low beta, and momentum) across the same
six regions of Australia, United States, Europe, United Kingdom, Japan, and the
emerging markets.2 Appendix A provides the factor definitions and their returns over
the four economic stages.

We construct a small and a large portfolio for each factor, with the exception of
market and size. This process yields 14 separate factor portfolios. Because the United
States has the longest history, the first month of our analysis period (June 1969)
includes only US data. We rank each portfolio by its expected return, and place the
highest four in Quartile 4 and the lowest four in Quartile 1, repeating the exercise for
the next month, and so on.

KEEP IT
SIMPLE

AUTHORS

Michael Aked

Key Points

We analyze three factor-timing strategies and
find that a strategy based on a factor's discount
(or valuation) and momentum is the most
effective tool for determining how to vary a
factor's exposure through time.

We find that the economic stage six months
ahead influences factor returns. Accurately
predicting what that stage will be is difficult,
however, given current economic forecasting
tools.

Until economic-prediction models can be
improved, we find that information gained by
estimating the economic stages is already
incorporated in a factor's discount and
momentum.
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We introduce the other five regions into the portfolio construction process as data availability allows. In June 1996, the factor pool
widens with the introduction of Europe, increasing the total number of factors to 28 from 14; each factor is constructed in the two
regions. At this point, each of the quartiles is composed of 7 factor portfolios. Thus, with four quartiles—a highest-expected-return
(Quartile 4) and a lowest-expected-return (Quartile 1) quartile in both regions—we have 28 total region-factors. We continue to
progress through time until we reach a total of 70 region-factors, with each quartile containing either 17 or 18 region-factors.

Using Historical Returns for Factor Timing

Some investors assume the historical return of an investment, whether an asset class, an industry, a factor, or an individual equity
security, equates with the investment'’s future return. This investing approach is the equivalent of driving while looking in the rearview
mirror. Nevertheless, because it is a common approach, we consider it as the first potential factor-timing strategy.

We assume the expected return of a region-factor is based on the factor's historical return. The model calculates the return for the
period from the beginning of the dataset through the date at which we build each monthly factor portfolio. The model calculates the
historical return across all regions and does not allow a factor's expected return to vary by region. We only use factor data that were
available at the time that we build each month's factor-timing portfolio.

The model calculates the average annualized return for each of the quartiles. Quartile 1, the lowest-expected-return quartile, has a
return of 2.5% a year, and Quartile 4, the highest-expected-return quartile, has a return of 3.8% a year. Each quartile's return is positive
and has a t-statistic well above our threshold of materiality.

Portfolio Returns for All Quartiles Using Factor's Historical Return,
ending December 31, 2020

- . ’ . ’ Quartile 4 —
Historical Return Quartile 1 Quartile 2 Quartile 3 Quartile 4 .
Quartile 1
Annual Return 2.5%*** 1.9%** 4.3%*** 3.8%*** 1.3%
t-statistic 3.74 222 4.05 4.19 1.04
Annual Volatility 4.3% 5.5% 5.9% 6.9% 8.3%
Note: Standard errors are Newey-West adjusted. ***, **, and * indicate a significant positive performance at the 1%, 5%, and 10% level,
respectively.
Source: Research Affiliates, LLC, using data from CRSP /Compustat and Worldscope/Datastream for strategy returns and
characteristics. Data period for the United States begins in May 1969, for Europe in April 1996, for Australia in May 2001, for Japan in
October 2001, for the United Kingdom in December 2002, and for the emerging markets in May 2003.
Any use of the above content is subject to all important legal disclosures, disclaimers, and terms of use found at res.e‘arch
www.researchaffiliates.com, which are fully incorporated by reference as if set out herein at length. affiliates

The statistical significance of each quartile's return should not be a surprise, because the factors we include in our analysis are the best
known and most respected by investors in the factor-investing space. The return difference between the top and bottom quartiles,
Quartile 4 - Quartile 1, is not significant, however, meaning the annual return difference of 1.3% between these two quartiles can arise
from randomness. We thus conclude that factor timing based on the historical returns of well-known factors is not an overly
compelling strategy.

Using the Economic Cycle for Factor Timing

We learned, and confirmed our suspicions, that the factors each perform differently across the four stages of the economic cycle
(Aked, 2020). The observation alone, however, is not a sufficient condition to profit from this knowledge. To investigate if an
investment benefit exists, rather than just an attribution or commentary advantage, we need to generate a quasi-out-of-sample timing
strategy3 that employs dynamic factor allocation based on the prediction of economic cycles.
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Simply put, the economy matters, and at any point in time, both historically and in the present, information about the economic stage
of the world is readily available. Can we profit by applying nowcasting? to forecast a factor's concurrent and future economic stages in
a way that is useful in a factor-timing approach?

For this analysis, we build the factor-timing strategy as described in the previous section, but alter the way we calculate the expected
return. Performance of a region-factor takes account of the economic stage. Aked (2020) uses this same analysis. The result is four
expected returns, one for each economic stage (recession, slowdown, recovery, and growth) for each of the factors. The next step is
estimating the probability of the region-factor being in each economic stage for each month in the sample period.>

Because economic data and reporting lag real time (e.g., GDP growth numbers are not reported until after each quarter's end), our
model estimates a factor's “current” economic stage over its history using nowcasting. In order to predict the upcoming economic
stages, our model forecasts economic-stage probabilities 6 and 12 months into the future. Not surprisingly, the further we look into the
future, the hazier our view gets. Now, instead of driving while looking in the rearview mirror, at least we are looking out the windscreen,
but we can only see so far through the fog.

Although the global economic environment rhymes across regions,
a high degree of variability exists.

Sample of the Probability of Current Economic Stage by Region, 2003-2020
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Note: Europe includes Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, N orway,
Portugal, Spain, Sweden, Switzerland, and the United Kingdom. The emerging markets include Brazil, Chile, China, Colombia, Czech Republic,
Egypt, Hungary, India, Indonesia, Korea, Malaysia, Morocco, Mexico, Peru, Philippines, Poland, Russia, South Africa, Thailand, Turkey, and
Taiwan.

Source: Research Affiliates, LLC, using data from CRSP/Compustat and Worldscope/Datastream for strategy returns and characteristics, and
from Bloomberg, OECD, and FRED database of the Federal Reserve Bank of St. Louis for current economic stage forecasting data.

Any use of the above content is subject to all important legal disclosures, disclaimers, and terms of use found at resgarch
www.researchaffiliates.com, which are fully incorporated by reference as if set out herein at length. affiliates
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For each month, for each region, the model makes a prediction, based only on the data and experience of the economy and the factor
up to that point in time. The model estimates the probability of being in each economic stage, then weights the factor's expected
return for each economic stage by the probability associated with that stage. Each region can, and usually does, experience a different
economic stage from the other regions. While the global economic environment rhymes across all regions, variability is present in the
economic-stage probabilities of the regions.

We repeat our factor-timing strategy, using the economically weighted expected returns of each region-factor. Each month a quarter of
the region-factors with the highest expected returns are sorted into Quartile 4, and a quarter of those with the lowest expected returns
are sorted into Quartile 1. Of those portfolios classified as being in the concurrent economic cycle, the highest-expected-return
quartile, Quartile 4, has an average return of 3.4% a year and the lowest-expected-return quartile, Quartile 1, has an average return of
2.0% a year. The annual return difference, Quartile 4 - Quartile 1, of 1.4% a year with annualized 8.1% volatility and 1.21 t-statistic
indicates that forecasting the concurrent economic cycle is of little extra value. Going long (or buying) factors favored by the
concurrent economic environment and shorting (or selling) factors that are disadvantaged in the concurrent economic environment is
as good as relying on historical winners and losers.

Portfolio Returns Using Economic-Stage-Based Factor Returns, ending December 31, 2020

Quartile 1 Quartle2 Quartle3 Quartile4 ~Cu3rtie4-
Quartile 1

Annual Return 2.5%*** 1.9%** 4.3%** 3.8%*** 1.3%
Historical Return t-statistic 3.74 2.22 4.05 419 1.04

Annual Volatility 4.3% 5.5% 5.9% 6.9% 8.3%

Annual Return 2.0%*** 3.9%*** 3.4%*** 3.4%*** 1.4%
Forecast Concurrent ;_atistic 273 3.38 368 4.02 121
Economic Stage -

Annual Volatility 4.5% 5.4% 5.6% 6.2% 8.1%
Forecast 6-Months- Annual Return 2.2%*** 3.2%*** 2.5%** 4.4%** 2.2%**
Ahead Economic t-statistic 3.04 3.41 2.38 6.34 2.03
Stage Annual Volatility 4.8% 5.1% 6.3% 5.0% 7.3%
Forecast 12-Months- Annual Return 1.9%** 2.3%** 3.6%*** 4.3%*** 2.5%**
Ahead Economic t-statistic 2.23 242 4.1 5.22 222
Stage Annual Volatility 4.9% 5.2% 5.1% 4.7% 6.4%
Note: Standard errors are Newey-West adjusted. ***,**, and * indicate a significant positive performance at the 1%, 5%, and 10% level, respectively.

and from OECD
in May 1969, for

Source: Research Affiliates, LLC a from CRSP/Compustat and Worldscope/Datastream for strategy returns and character

and FRED database of the Federal Reserve Bank of St. Louis for economic stage forecasting data. Data period for the United States beg

Europe in April 1996, for Australia in May 2001, for Japan in October 2001, for the United Kingdom in December 2002, and for the emerging markets in

May 2003.
Any use of the above content is subject to all important legal disclosures, disclaimers, and terms of use found at resle.arch
www.researchaffiliates.com, which are fully incorporated by reference as if set out herein at length. affiliates

Good evidence exists that the forward economic stage matters far more than the concurrent stage to the performance of factor
investing (Aked, 2020). To test this dependency, we forecast the probability of the economic stage 6 and 12 months ahead. Our
finding is unsurprising. Building the factor-timing strategy by estimating the economic cycle 6 months out produces a higher, and
significantly different to zero, annual return premium (Quartile 4 - Quartile 1) of 2.2% a year. Pushing the economic-stage estimation
to 12 months out, the average return difference between highest-expected-return and lowest-expected-return quartiles is even higher
at 2.5% a year. Both the 6-month and 12-month forward returns are significantly different from zero.

Using Factor Discount and Momentum for Factor Timing

Incorporating information imparted by the various economic stages being experienced around the world is useful for investors and
sure beats relying on factors’ historical returns. That said, successfully using economic-stage forecasting in factor investing is a
complicated process. The Research Affiliates investing approach is based on building simple rules-based factor portfolios. Our
experience suggests that the less complicated option of using an investment’s discount and momentum—in this case, the region-
factor's discount and moment—can yield better results. A factor portfolio’s discount is calculated as its current valuation (using the
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relationship of price to various fundamental measures of the component equities) relative to its average historical valuation. A factor's
momentum is the performance of the factor over the previous 12 months.®

Over the last few years we have introduced the investment community to the importance of both valuation and momentum, not just as
factors in their own right, but drivers of the return to portfolios of assets. Research by Aked, Mazzoleni, and Shakernia (2016) as well
as comprehensive research by Arnott et al. (2021) and Ehsani and Linnainmaa (2019) point to momentum having macroeconomic
origins. The pattern of returns for momentum indicates a return source driven by the factor exposure of an asset rather than by the
idiosyncratic nature of the asset itself. Additionally, Arnott et al. (2019) weigh in on how important valuation is, even at the factor level.
Equity factors that are trading at a significant discount (based on fundamental measures such as book value or sales) versus their
long-term average valuation produce larger excess returns moving forward than factors’ trading at premiums to their long-term
average valuation.

“A factor’s discount and momentum subsumes the investment benefit of our current
economic forecasting tools.”

We repeat the same process for building factor-timing portfolios as in the two previous factor-timing strategies. The only difference is
that we estimate the future return of a regional strategy based on its own discount and momentum. We do not allow the regions or the
factors to respond in a different manner than that dictated by their own discount and momentum. We make this decision because of
limited data and because we do not believe the factors would react differently across regions beyond their unique discount and
momentum characteristics.

Our results are surprising. Recall that the first factor-timing strategy, which solely considers a factor's historical return, has a quartile
spread, Quartile 4 - Quartile 1, of 1.3% a year. We then allow the model's region-factor return prediction to incorporate the factor
portfolio’'s discount. In this case, the strategy yields 3.2% a year. If instead, the model's region-factor return prediction incorporates the
factor portfolio’'s momentum, the strategy yields 4.1% a year. Finally, if the model allows the region-factor return prediction to
incorporate a portfolio’'s discount and momentum, the strategy return jumps to 5.5% a year, with a volatility of 9.1% a year, and a t-
statistic of 4.83. Discounts and momentum clearly matter! A factor's discount and momentum are a significant and synergistic
determinant of future factor returns.

Portfolio Returns of Quartile Spread Using Factor Discount and Momentum,
ending December 31, 2020

Historical Factor Factor Factor Discount

Return Discount Momentum and Momentum
Quartile 4 — Quartile 1 Quartile 4 — Quartile 1 Quartile 4 — Quartile 1 Quartile 4 — Quartile 1

Annual Return 1.3% 3.2%** 4.1%*** 5.5%***
No Economic -
t-statistic 1.02 2.30 2.86 4.83
Stage
Annual Volatility 8.3% 8.1% 10.3% 9.1%
Note: Standard errors are Newey-West adjusted. ***,**, and * indicate a significant positive performance at the 1%, 5%, and 10%level, respectively.
Source: Research Affiliates, LLC, us from CRSP/Compustat and Worldscope/Datastream for str: returns and characteristics, and from OECD and FRED

database of the Federal Reserve Bank of St. Louis for economic data. Data period for the United States begins in May 1969, for Europe in April 1996, for Australia in May
2001, for Japan in October 2001, for the United Kingdom in December 2002, and for the emerging markets in May 2003.
Any use of the above content is subject to all important legal disclosures, disclaimers, and terms of use found at research
www.researchaffiliates.com, which are fully incorporated by reference as if set out herein at length. affiliates
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Recall that the economic forecasting approach to factor timing delivers an average return of 2.2% a year for the 6-month-forward
forecasts and 2.5% a year for the 12-month-forward forecasts. An approach that considers either discount or momentum, but not the
economic cycle, yields superior returns. And taking into consideration both a factor's discount and its momentum, again without any
economic forecasting, comfortably yields a higher return, with more confidence, at similar volatility. But is that the end of the story?
Perhaps combining economic forecasting with a factor's discount and momentum would lead to even better outcomes and happier
investors.

Unfortunately, we find that a factor's discount and momentum subsumes the investment benefit of our current economic forecasting
tools. The reason is not that economic forecasting is not valuable, but that any information we have gained from estimating the
economic stages is already incorporated into a factor's discount and momentum.

“Basing a dynamic factor strategy on a factor’s discount and momentum, investors should
be able to generate far more robust outcomes.”

How do we know this? We investigate whether any residual alpha exists from the economic-stage strategies after we account for the
impact of a factor's discount and momentum. Appendix C displays the results from this analysis.

If we use actual economic stages, we find some evidence that knowing the six-month ahead stage would be useful. Unfortunately,
such knowledge in the real world is unavailable, forcing us to predict the next economic stage. In this case, the significant 2.5%
annualized return from knowing the future falls to an insignificant 1.8% if we must predict the economic stage six months out.
Appendix D displays the returns for the full set of strategies.

Residual Returns for Economic-Stage Strategy in Excess of Strategy Using
Factor Discount and Momentum, ending December 31, 2020
Independent Strategy

Next Month Return ~ Factors +
Discount + Momentum

Annual Intercept -1.6%
o Concurrent e
o t-statistic 1.43
] % Annual Intercept 2.5%**
5 E 6 Months Ahead o
> <g t-statistic 2.00
[o)
Q
% 3 Annual Intercept 0.6%
= 12 Months Ahead o
@ t-statistic 0.50
c
=z Annual Intercept -0.9%
5 o Concurrent o
Q 2 t-statistic 0.72
(0] s
|7}
= g % Annual Intercept 1.8%
© g 6 Months Ahead o
6 6 t-statistic 1.54
- g
8 Annual Intercept 1.7%
12 Months Ahead o
t-statistic 1.49
Note: Standard errors are Newey-West adjusted. ***,** and * indicate a significant positive performance at the 1%, 5%, and 10% level,
respectively.
Source: Research Affiliates, LLC, using data from CRSP/Compustat and Worldscope/Datastream for strategy returns and
characteristics, and from OECD and FRED database of the Federal Reserve Bank of St. Louis for econom ual, and forecasted
data. Data period for the United States begins in May 1969, for Europe in April 1996, for Australia in May 2001, for Japan in October
2001, for the United Kingdom in December 2002, and for the emerging markets in May 2003.
Any use of the above content is subject to all important legal disclosures, disclaimers, and terms of use found at reslelarch
www.researchaffiliates.com, which are fully incorporated by reference as if set out herein at length. affiliates
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Next Steps

Having investigated the performance of three factor-timing strategies, we find that just like the market factor, the eight factors we
analyze in this article demonstrate an economic-stage preference. Although a differential in performance exists, we show that the
momentum and discount, or valuation, of a strategy captures all pertinent information about the current economic cycle.

Thus, although alluring to default to an investment approach based on the economic stage of an economy, it seems to be a siren’s
song. By focusing on a much more parsimonious approach of basing a dynamic factor strategy on a factor's discount and momentum,
investors should be able to generate far more robust outcomes.

We also find that the economic stage six months hence influences the factor returns of a market. Undeniably economic prediction is
difficult, but continuing to improve economic-prediction models holds value as a means of capturing their influence (even if limited) in
a factor-timing strategy. Nonlinear and big data methods may be useful in improving our forecasting ability for regions within the
global economy.

70f13

© 2022 Research Affiliates, LLC. All rights reserved. Duplication or dissemination prohibited without prior written permission. Generated on 09/23/22. yesea rchaffi“ates_com


https://www.researchaffiliates.com/
https://www.researchaffiliates.com/

research
affiliates

Appendix A

Factor Definitions

Component Reference Long Portfolio Short Portfolio

Market Market Large Sharpe (1964) Large-Cap Stocks Cash Return

Low Price-to-

Fundamental Ratio High ...

Value Composite Large and Small Arnott, Hsu, and Moore

(2005) The four fundamentals are Book Value, Five-Year
Value Average Sales, Five-Year Average Earnings, and
Five-Year Average Dividends
Value P/B Large and Small Fama(?gggemh Low Price-to-Book Ratio High ...
EarnalE nen Low Investments
Investment Investment Large and Small (1993) (Prior Year Asset High ...
Growth)
5 Fama and French
Size Size Small (1992) Small-Cap Stocks Large-Cap Stocks

- S Amihud High price impact of

llliquidity llliquidity Large and Small (2002) Sty Low ...
N Novy-Marx High Gross Profitability
Gross Profitability Large and Small (2013) (Sales - COGS) / Asset Low ...
High Operating
Fama and French Profitability
- Operating Profitability Large and Small (Sales — COGS - SG&A Low ...
Profitability (2015)
Expenses — Interest
Expenses) / Book
High ROE
Hou, Xue and Zhang Net Income Before
ROE Large and Small (2015) Extraordinary ltems / Low
Book
Frazzini and Pedersen .
Low Beta Low Beta Large and Small (2014) Low Market Beta High ...
Carhart High past returns over

Momentum Momentum Large and Small the prior year, skipping Low ...
(1997)
the most recent month

Note: Size—Outside the United States, large stocks are the top 90% of cumulative market capitalization, and small stocks are the remaining 10%. In the United
States, large and small stocks are delineated by the median NYSE market-capitalization stock. Long/Short—Portfolios are the top 30% by respective long or
short portfolio measure. Weighting—Portfolios are free-float market-capitalization weighted. Ellipsis in the Short Portfolio column indicates the same metric
named in the Long Portfolio column.

Source: Research Affiliates, LLC.

Any use of the above content is subject to all important legal disclosures, disclaimers, and terms of use found at I'ES.E‘.EII'Ch ’
www.researchaffiliates.com, which are fully incorporated by reference as if set out herein at length. affiliates

Portfolio Returns for All Factors in the Four Different Economic Stages, ending December 31, 2020

All Recession Slowdown Recovery Growth
Market 3.9%*** -5.5% 1.2% 9.1%™** 6.3%***
Value 3.3%*** 0.1% 3.6%*** 6.1%** 3.0%
Investment 3.7%** 6.9% 4.4%** 5.5%* 2.1%*
Size 2.0%** 4.2% -0.6% 8.1%*** 1.7%
llliquidity 1.7%* 3.7%** -0.7% 4.9%* 2.4%*
Profitability 4.3%*** 8.2%* 5.7%*** 1.1% 3.3%*
Low Beta 1.5% 2.8% 4.8%*** -3.2% 0.0%
Momentum 4.8%*** -0.9% 5.4%*** 1.8% 6.3%***

Note: Standard errors are adjusted for the correlation structure across region-factors and across time by the double-clustering method of Cameron,

Gelbach, and Miller (2011). ***,** and * indicate the statistical significance of the factor’s beta difference from zero at the 1%, 5%, and 10% level,

respectively.

ch Affiliz s, and from

Source: R tes, LLC, using data from CRSP/Compustat and Worldscope/Datastream for strategy returns and characteristic:

OECD and FRED database of the Federal Reserve Bank of St. Louis for economic data. Data period for the United States begins in May 1969, for

Lurope in April 1996, for Australia in May 2001, for Japan in October 2001, for the United Kingdom in December 2002, and for the emerging markets

May 2003.
Any use of the above content is subject to all important legal disclosures, disclaimers, and terms of use found at resgarch
www.researchaffiliates.com, which are fully incorporated by reference as if set out herein at length. affiliates
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Appendix B: Factor-Timing Model
Economic Stage-Based

To determine the economic stages, we collect information on real GDP and the OECD Composite Leading Indicators from the FRED
database, with either monthly or quarterly frequency. Additional financial and macroeconomic data for each region are sourced from
either the FRED database or Bloomberg. We also calculate the regional factor momentum (the return for the previous 12 months) of
the market, value, and momentum portfolios.

We build a hierarchical logit probability regression of the economic stage. First, we estimate the probability of being either in an above-
or below-trend growth economic stage. Further, we estimate the probability that, if the economy is growing slower than trend whether
the stage is a recession, and if the economy is growing faster than trend whether the stage is a recovery.

In building the quasi-out-of-sample strategy, we take account of the lags in reporting of economic data. We reparameterize the
economic-stage prediction model each month using available history at the date of portfolio construction. We lag the use of the
economic stage by six months and only use data in the prediction of economic stages if the data were available at the end of the
corresponding month-end. For example, January Purchasing Managers' Index data are released in the first week of February. We
therefore lag these data a month so they are first used at the end of February.

Factor Discount and Momentum

In addition to the monthly performance of each of the 40 factor portfolios, scaled to a 10% a year volatility, we calculate the
momentum, last 12-month return, and the discount, which is based on the valuation of the regional factor. The valuation of a regional
factor portfolio is the average price ratio of the long portfolio divided by the short portfolio.

We take into account four metrics relative to the market portfolio. For the long and short legs of the factor, we calculate separately the
price-to-book (P/B), price-to-equity (P/E), price-to-sales (P/S), and price-to-dividends (P/D) ratios. The long portfolio metric is
divided by the short portfolio metric and averaged across all four measures.

For example, the US momentum factor portfolio as of year-end 2018 had a relative valuation of 2.47. We calculate the discount as the
full-sample-period regional factor valuation minus the full-sample-period average valuation. A higher discount means the regional
factor is cheaper per unit of fundamentals, whereas a lower discount implies the regional factor is more expensive per unit of
fundamentals.

Example Relative-Value Calculation: US Momentum Factor Portfolio,

as of December 31, 2018
e | e[| _Pps [P0 [ |
Long 5.84 37.56 3.00 83.98
Short 1.80 16.78 1.19 45.03
Ratio 3.25 2.24 2.51 1.87 2.47
Note: PBis price-to-book ratio, PE is price-to-earnings ratio, PS is price-to-sales ratio, and PD is price-to-dividends ratio.
Source: Research Affiliates, LLC, using data from CRSP/Compustat for strategy characteristics.
Any use of the above content is subject to all important legal disclosures, disclaimers, and terms of use found at research
www.researchaffiliates.com, which are fully incorporated by reference as if set out herein at length. affiliates
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Appendix C

Residual Returns for Economic-Stage Strategies in Excess of a Range of Factor Discount and
Momentum Strategies, ending December 31, 2020

Next Month Return ~
Factors + Discount +

Next Month
Return ~ Factors

Momentum

Appendix D

> Concurrent Ann. Return :
pu t-statistic 053 0.28 1.05 1.43
o Ann. Return 2.4% 2.5%** 2.2% 2.5%"
g 6Months Ahead  jiatistic 1.64 2.01 1.56 2.00
S Ann. Return 1.3% 1.4% 0.9% 0.6%
o
G 12Months Ahead 4 i istic 1.03 1.37 0.68 0.50
g Concurrent Ann. Return 0.5% 0.5% —-0.6% —-0.9%
5 e t-statistic 0.54 0.42 0.67 0.72
© *
o0 Ann. Return 1.8% 1.9% 1.5% 1.8%
g OMonths Ahead  giatistic 173 161 139 154
g Ann. Return 2.1%* 1.8%* 1.9%* 1.7%
Q
§ 12Months Ahead 4 - ictio 1.86 1.67 1.66 1.49
Note: Standard errors are Newey-West adjusted. **, **, and * indicate a significant positive performance at the 19, 5%, and 10% level, respectively.

, and from OECD and FRED

database of the Federal Reserve Bank of St. Louis for economic stage, actual, and forecasted data. Data period for the United States begins in May 1969, for Europe in

Source: Research Affiliates, LLC, using data from CRSP/Compustat and Worldscope/Datastream for strategy returns and characteristic:

April 1996, for Australia in May 2001, for Japan in October 2001, for the United Kingdom in December 2002, and for the emerging markets i 2003,
Any use of the above content is subject to all important legal disclosures, disclaimers, and terms of use found at research
www.researchaffiliates.com, which are fully incorporated by reference as if set out herein at length. affiliates

Annual Returns of the Full Set of Strategies over Both Long and Short Histories, ending

December 31, 2020
Model | | Modell [  Modell |  Modelv |

Next Month Return ~ Next Month Return ~ Next Month Return

q Factors + Discount +
Factors + Discount Factors + Momentum
Momentum

Next Month Return ~ Factors

Long History Short History | Long History = Short History | Long History Short History | Long History = Short History
Quartile 4 —  Quartile 4 — | Quartile 4 —  Quartile 4 — | Quartile 4 —  Quartile 4 — | Quartile 4 —  Quartile 4 —

Quartile 1 Quartile 1 Quartile 1 Quartile 1 Quartile 1 Quartile 1 Quartile 1 Quartile 1
Ann. Return 2.8%* 1.3% 5.1%*** 3.2%* 5.4%*** 4.1%** 7.4%** 5.5%**
No Economic Stage t-statistic 223 1.04 3.65 228 3.62 2.89 7.03 4.81
Ann. Volatility 7.4% 8.3% 8.1% 8.1% 9.7% 10.3% 6.6% 9.1%
° Ann. Return 5.3%*** 1.5% 7.2%*** 2.5%" 6.0%*** 2.0% 7.9%** 3.3%"
= Concurrent t-statistic 5.53 1.16 535 179 4.53 1.35 6.69 223
2] Ann. Volatility 6.4% 8.7% 7.7% 8.2% 8.8% 9.6% 7.3% 9.1%
E Ann. Return 7.6%" 2.7% 8.9%"** 4.2%** 8.2%"** 5.1%"* 9.7%"** 6.4%**
g 6 Months Ahead t-statistic 6.49 1.96 6.41 2.86 6.64 3.21 7.40 4.69
il Ann. Volatility 7.2% 8.2% 8.4% 9.1% 8.5% 9.7% 8.1% 8.1%
@ Ann. Return 5.9%*** 1.7% 6.7%*** 2.1% 7.0%*** 4.2%** 8.4%*** 4.7%*
E 12 Months Ahead t-statistic 5.43 1.35 4.63 1.57 6.14 2.99 6.93 279
Ann. Volatility 6.6% 7.2% 8.0% 7.8% 7.6% 8.7% 71% 9.1%
® Ann. Return 1.4% 3.9%*** 2.6%** 4.2%**
g Concurrent t-statistic 1.21 347 2.09 3.59
Z Ann. Volatilty 8.1% 7.5% 9.3% 8.3%
g Ann. Return 2.2%* 2.3%™ 3.1%" 4.8%
§ 6 Months Ahead t-statistic 2.03 203 234 4.29
E Ann. Volatility 7.3% 8.8% 9.2% 7.8%
§ Ann. Return 2.5%* 3.7% 5.0%*** 5.8%"**
% 12 Months Ahead t-statistic 222 250 3.78 391
= Ann. Volatility 6.4% 8.1% 8.2% 8.2%
Note: Standard errors are Newey-West adjusted. ,and * indicate asignificant positive performance at the 1%, 5%, and 10% level, respectively.
ita from CRSP/Compustat and Worldscope/Dat returns and ¢l tics, and from OECD and

ank of St. Louis for economic st

e, actual, and fore

sted data. Data period for the long history for the United Stz

begins in June 1996, for the other developed markets in June 1990, and for the emerging markets in June 2003. Data period for the short history for the United

States begins in May 1909, for Europe in April 1996, for Australia in May 2001, for Japan in October 2001, for the United Kingdom in December 2002, and for the

emerging markets in May 2003.

Any use of the above content is subject to all important legal disclosures, disclaimers, and terms of use found at
www.researchaffiliates.com, which are fully incorporated by reference as if set out herein at length.
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Endnotes

1. The goal of the new “Your Future, Your Super” proposals from the Australian Treasury Department is to lower the active risk of
superannuation investors. The changes will most likely lead superannuation funds to seek more consistent sources of return for
their members.

2. Europe includes Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland, and the United Kingdom. The emerging markets include Brazil, Chile, China, Colombia, Czech
Republic, Egypt, Hungary, India, Indonesia, Korea, Malaysia, Morocco, Mexico, Peru, Philippines, Poland, Russia, South Africa,
Thailand, Turkey, and Taiwan.

3. Our quasi-out-of-sample strategy parameterizes our models using only the information available at the time. For example, data
used in regressions and estimations for, say January 2000, would had to have been available at the end of December 1999. We call
it a quasi-out-of-sample strategy because our model and strategy selection has the advantage of being able to choose from
historical data as appropriate; only the performance of a factor strategy after the research supporting the new factor has been
published can be truly out of sample.

4. The term nowcasting, as defined by Arnott and Treussard (2020), has two meanings. One is the use by economists to estimate an
economic measure, such as quarterly GDP growth, based on currently available interim data. The second is the use by pundits,
financial media, and market prognosticators to “forecast” the direction of capital markets by applying an explanation of what has
happened as an explanation of what will happen. The former is a legitimate use, the latter can be very dangerous.

5. The model we use to estimate the economic stage is in Appendix B. If you are interested in further details, please contact us.

6. Appendix B provides more details on calculating the discount and momentum of a region-factor (or any portfolio for that matter).
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The material contained in this document is for informational purposes only. It is not intended as an offer or a solicitation for the purchase and/or sale of any security, derivative,
commodity, or financial instrument, nor is it advice or a recommendation to enter into any transaction. Research results relate only to a hypothetical model of past performance (i.e.,
a simulation) and not to actual results or historical data of any asset management product. Hypothetical investor accounts depicted are not representative of actual client accounts.
No allowance has been made for trading costs or management fees, which would reduce investment performance. Actual investment results will differ. Simulated data may have
under-or-over compensated for the impact, if any, of certain market factors. Simulated returns may not reflect the impact that material economic and market factors might have had
on the advisor's decision-making if the advisor were actually managing clients’ money. Simulated data is subject to the fact that it is designed with the benefit of hindsight. Simulated
returns carry the risk that actual performance is not as depicted due to inaccurate predictive modeling. Simulated returns cannot predict how an investment strategy will perform in
the future. Simulated returns should not be considered indicative of the skill of the advisor. Investors may experience loss of all or some of their investment. Index returns represent
backtested performance based on rules used in the creation of the index, are not a guarantee of future performance, and are not indicative of any specific investment. Indexes are
not managed investment products and cannot be invested in directly. This material is based on information that is considered to be reliable, but Research Affiliates, LLC (“RA") and
its related entities (collectively “Research Affiliates”) make this information available on an “as is” basis without a duty to update, make warranties, express or implied, regarding the
accuracy of the information contained herein. Research Affiliates is not responsible for any errors or omissions or for results obtained from the use of this information.

Nothing contained in this material is intended to constitute legal, tax, securities, financial or investment advice, nor an opinion regarding the appropriateness of any investment. The
information contained in this material should not be acted upon without obtaining advice from a licensed professional. RA is an investment adviser registered under the Investment
Advisors Act of 1940 with the U.S. Securities and Exchange Commission (SEC). Our registration as an investment adviser does not imply a certain level of skill or training. RA is not a
broker-dealer and does not effect transactions in securities.

Investors should be aware of the risks associated with data sources and quantitative processes used to create the content contained herein or the investment management process.
Errors may exist in data acquired from third party vendors, the construction or coding of indices or model portfolios, and the construction of the spreadsheets, results or information
provided. Research Affiliates takes reasonable steps to eliminate or mitigate errors and to identify data and process errors, so as to minimize the potential impact of such errors;
however, Research Affiliates cannot guarantee that such errors will not occur. Use of this material is conditioned upon, and evidence of, the user's full release of Research Affiliates
from any liability or responsibility for any damages that may result from any errors herein.

The trademarks Fundamental Index™, RAFI™, Research Affiliates Equity™, RAE™, and the Research Affiliates™ trademark and corporate name and all related logos are the
exclusive intellectual property of RA and in some cases are registered trademarks in the U.S. and other countries. Various features of the Fundamental Index methodology, including
an accounting data-based non-capitalization data processing system and method for creating and weighting an index of securities, are protected by various patents of RA. (See
applicable US Patents, Patent Publications and protected trademarks located at https.//www.researchaffiliates.com/legal/disclosuresttpatent-trademarks-and-copyrights, which
are fully incorporated herein.) Any use of these trademarks, logos, or patented methodologies without the prior written permission of RA is expressly prohibited. RA reserves the right
to take any and all necessary action to preserve all of its rights, title, and interest in and to these marks and patents.

The views and opinions expressed are those of the author and not necessarily those of RA. The opinions are subject to change without notice.
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