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Tomatoes and the Low Vol Effect
Growing up, my sister and I spent summers
at our grandparents’ house where one of our
favorite treats was fresh sliced tomatoes with
sugar on top. Snack time always brought out
the fun debate about whether tomatoes are
a fruit or vegetable. Without the Internet to
Ryan Larson, CFA

“

Like tomatoes to
farmers and botanists,
investor constituents
classify risk in equity
portfolios differently
depending on their point
of reference.

render a definitive verdict, we settled on enjoying the tomato regardless of its categorization.
Today we can find out quickly whether toma-

Absolute to Relative Risk

For the first three-quarters of the 20th
century, the majority of outstanding equity
shares were held by individual investors who
focused on total return and absolute risk.2
Individuals tended to purchase blue-chip
stocks in a buy-and-hold strategy, banking
the dividends on a regular basis. There were
few specialized institutional money managers
acting on behalf of other investors.3

toes are a vegetable or fruit. The answer is
both! Botanically, tomatoes are a fruit. Culturally and legally, they are a vegetable. In 1894,
the U.S. Supreme Court ruled that tomatoes
were a vegetable, allowing the U.S. Government to impose a tariff on imported tomatoes,
protecting domestic farmers.1
Like tomatoes to farmers and botanists, investors classify risk in equity portfolios differently

“

depending on their point of reference. In its
simplest form, there are two types of equity
risk: absolute risk and relative risk. Research
shows that in an ideal world, investors should
prefer to invest 100% in low volatility strategies that minimize absolute risk. However, the
overwhelming trend to delegate authority to
institutional money managers—who generally
focus on relative performance—makes this
outcome unrealistic. This issue of Fundamentals
explores ways to improve the outcome for
both absolute and relative risk investors.

Investment success was measured by a
stock’s total return (dividends paid plus stock
price gain) relative to its absolute risk (standard
deviation). William Sharpe (1966) formalized
the concept of return relative to absolute risk
when he introduced the “reward-to-variability
ratio”; the formula was later renamed the
“Sharpe ratio.” Two changes in the 1970s and
1980s contributed to a shift from absolute
risk to relative risk as the frame of reference.
The first was the growth of assets in pension
funds that led to financial intermediation, and
the second was the emergence of passive
capitalization-weighted indexing.
Assets invested in plans that outsource
investment management (the most notable
being public and corporate defined benefit
plans and 401(k) plans) exploded from $369
billion in 1974 to $19 trillion today.4 This delegation of investment authority to institutional
money managers meant a need to measure
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Today, the clear majority of equity strategies operate either explicitly or implicitly
with an eye toward minimizing relative
risk. Indeed, the standard deviation and
beta of most managers is very similar.5
Thus, the differentiating factors in manager selection should be excess return,
tracking error, and the ratio between the
two—the information ratio. If a manager
experiences a lot of tracking error and seriously underperforms the index, the manager faces the risk of termination. With
the average manager running a tracking
error of over 6%, randomness alone puts
him at risk of getting fired.6 Three years is
typically the longest boards allow a manager to underperform the market before
pulling the plug. Portfolio managers are a
self-preservation-oriented bunch, so they
began to manage their portfolios with an
eye on the index and toward minimizing relative risk (tracking error), with
less concern for absolute risk (standard
deviation).
With the advent of the Fundamental
Index® approach in early 2005, investors
suddenly had a second implementation
option for a relative risk pursuit that
sought alpha from a different angle. The
Fundamental Index method eliminates
“negative alpha”; that is, the inefficiency
caused by a cap-weighted index portfolio
overweighting overvalued stocks and
underweighting undervalued stocks and
not rebalancing.

Back to the Future?
Today we are witnessing a renaissance of
sorts as investors, battered by the bear
markets of the 2000s, are more open
to the idea of equity strategies focused
on minimizing absolute risk. In fact, the
strong shift into hedge funds during the
past decade reflects a desire to reduce
absolute risk. However, we believe there
is a superior way to achieve this goal: low
volatility strategies, which offer nearly
the same statistical properties of hedge
funds, but do so in a liquid, transparent,
low cost manner—and with better Sharpe
ratios.7

“

All “true” low volatility
portfolios should earn a
premium return of about
2% and do so with 25%
less absolute risk than the
benchmark.

“

the success of these hired guns. The
anchor for performance success became
the market portfolio—the S&P 500 Index,
or broader indices, such as the Russell
3000 Index. Conveniently, in 1973, capweighted index funds were developed
to offer investors an easy, cheap way to
access stocks, emphasizing relative risk
investing even more.
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Low volatility strategies contradict what
finance students learned in business
school that the security market line
(SML) slopes upward linearly. In other
words, theory says that higher volatility
or higher beta stocks should produce
higher rates of return to compensate for
the greater market risk. Evidence exists
since the 1970s that the SML is much
flatter than CAPM predicts.8 Perversely,
low volatility stocks earn higher returns
than high volatility stocks!
Most managers who have launched low
volatility strategies over the past five to
seven years to capitalize on “de-risking
demand” build their portfolios through
a quantitative optimization process

that estimates the covariance matrix in
a complicated, black-box solution. We
observe these optimized low volatility
strategies tend to emphasize small-cap
stocks and have high turnover (90%).
However, our research finds that there is
no ex ante long-term performance difference between any of these low volatility
methodologies! All “true” low volatility
portfolios should earn a premium return
of about 2% in the United States and do
so with 25% less absolute risk than the
benchmark.9 Even something as simple
as screening out high volatility stocks and
weighting by the inverse of volatility (i.e.,
allocating more to low volatility stocks)
will produce a comparable result. (Our
low volatility approach employs a similar
investor-friendly process.)
The explanations for the seemingly
counterintuitive result of the low volatility anomaly are nearly as widespread
as the amount of products entering the
marketplace. Our view is far simpler. First,
the excess return of the strategies comes
from the fact that, like the Fundamental
Index method or even equal-weighting,
low volatility methodologies don’t use
price to weight the portfolio. Therefore,
before transaction costs, they should
produce a similar excess return to any
other non-price-weighted strategy. And
indeed they do. The risk reduction is a
simple byproduct of focusing on the lower
volatility portion of the equity market.
Therefore, what investors need to focus
on is finding the low volatility strategy
that is simple and intuitive with the lowest
cost and easiest implementation.
Low volatility strategies can lead to a high
amount of investor regret because of their
very large tracking error of 8–10%, leading
to a high probability of buying and sell-
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ing those strategies at the wrong time
because of relative risk benchmarking.
For example, during 2011 low volatility
stocks outperformed the broad stock
market by 10%, then lagged by 5% in first
quarter 2012, and outperformed again in
the second quarter 2012 by 5%.10 What
a seesaw! Because of high tracking error,
successful low volatility investing must
throw out any comparison to relative risk
measures such as the information ratio
and re-frame performance relative to a
different anchor: the Sharpe ratio.

volatility. The horizontal axis displays the

Choose Your Risk Wisely

against itself and a Sharpe ratio of

•

Fundamental Index Method—This

Sharpe ratio, or the excess return of the

portfolio illustrates the improved

portfolio over cash relative to the port-

information ratio (at a reasonable

folio standard deviation. The absolute

tracking error level) achievable by

risk investor, by focusing on reducing

applying a non-price methodology

standard deviation, defines success

in an economically representative

by the Sharpe ratio, but incurs sizable

manner. Because the Fundamental

tracking error (relative risk) in doing so.

Index method owns a very similar

To illustrate the trade-offs, we plot four

roster of companies to capitalization weighting, it tends to have a
similar volatility level and so the
Sharpe ratio improves only marginally. Thus, the Fundamental Index
method is an ideal solution for those
that live predominantly in the relative risk camp.
Low Volatility—This portfolio illustrates the improved Sharpe ratio
achievable by shifting from relative
risk to absolute risk-focused equity
investing. Low volatility strategies
earn a near one-to-one ratio of return
to risk, while cap-weighted S&P 500
investors take on double the amount
of risk to earn the same return!

reference portfolios:

•

S&P 500—This benchmark portfolio
has an information ratio of 0 as it has
no excess return or tracking error
less than 0.4. The market portfolio

Investors now have two very distinct

is an inefficient long-term portfolio

paths for gaining equity exposure. Figure

•

solution.

1 outlines the trade-offs between the two

•

risk focuses. The vertical axis measures

Active Managers—This portfolio represents the typical way relative risk

the information ratio, or the excess return

investors have sought to increase

per unit of tracking error. The relative risk

the information ratio; over the

investor, concerned with tracking error,

1991–2011 time period, the average

seeks to maximize the information ratio

manager earns a slight premium

often at the expense of higher absolute

over the market.

Figure 1. Trade-Off Between Sharpe and Information Ratios, 1991–2011
Return
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Source: Research Affiliates, based on data from Morningstar Encorr and Standard & Poors.11
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It should be readily apparent that it is very
difficult for a single portfolio approach to
be both a relative risk and an absolute
risk winner. The more one wants to shift
from a relative approach to an absolute
one, the more one will have to screen out
large portions of the market and, accordingly, accept more tracking error. On
the flipside, a shift from absolute risk to
relative risk will mean purchasing higher
beta stocks that comprise a large portion
of the market. Predictably, this increases
absolute volatility. Only the lucky tomato
gets to be both a fruit and a vegetable.
We assert that a critical takeaway from
Figure 1 is that the first step of an equity
structure review ought to be a discussion
of the client’s primary risk measure. A
client with substantial oversight and regular peer group comparisons is likely to
prefer a continued reliance upon relative
risk and information ratio maximization.
Investors willing to take more “maverick”
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risk12 can make a conscious choice to
devote all, or some portion, of their equity
portfolio to Sharpe ratio maximization
that presumably enjoys a closer link with
their liabilities.
Clients who are willing to take some
tracking error risk, but are not willing to
go all in, can split their allocation among
the various portfolios. A simple strategy
of equally weighting allocations to the
traditional cap-weighted index, the Fundamental Index method and low volatility
increases returns by 2% and decreases
risk 2% relative to the conventional
portfolio! This equity portfolio earns 11%
returns with 13% risk, all with manageable tracking error under 5%.13 Of course,
these results are achieved with no stock
picking, no manager due diligence, and
no forecasting. Further, a thoughtfully
designed Fundamental Index portfolio
and low volatility approach can capture

nearly all of these “paper portfolio” results
by emphasizing low turnover, sizable
capacity, and economic representation.

Conclusion

Fruit or vegetable, a tomato with sugar
on it tastes great. But the difference
between relative risk and absolute risk
is more than just semantics—it relates
to investor preferences. For the investor
more concerned about tracking error
and measurement against a benchmark
and his peers, a relative risk approach
is more relevant. For the investor who
desires avoiding sharp downdrafts but
does not mind tracking error deviation,
an absolute risk approach based on
improved Sharpe ratios may be more
appropriate. In either case, both relative
and absolute risk investors can improve
the structure of their equity portfolios by
migrating away from the conventional
equity allocation.

Endnotes
1.

2.

3.

4.

5.

Nix v. Hedden. Vegetables were subject to the Tariff Act of 1883,
while fruits were exempt. The U.S. Commerce Department still classifies tomatoes as vegetables, although the tariff was removed in
1994 with the passage of NAFTA.
In 1968, institutional investors owned just 15% of U.S. stock market
shares. Today, that figure is approximately 75%. See Baker, Bradley
and Wurgler (2011).
Most “institutional” investors were bank trust departments investing on behalf of wealthy families. Hedge funds didn’t exist, with the
exception of a couple of pioneers like the Graham–Newman partnership and Alfred Winslow Jones.
According to the Employee Benefit Research Institute, there was $162
billion in U.S. state and local retirement pension plans in 1979 and
$2.7 trillion in 2010, and $64 billion in federal government retirement
plans in 1979 and $1.3 trillion in 2009. According to the Investment
Company Institute, there is $3.4 trillion invested in 401(k) plans in
1Q2012, up from zero in 1980, and $2.5 trillion in corporate pension
plans in 1Q2012, up from $130 billion in 1974. The balance is in other
DC plans, IRAs, and annuities.
As an example of how active managers are not that different from
the market, the eVestment Alliance U.S. Large Cap manager universe
(758 managers) over the past 10 years (6/2002–6/2012) reveals

6.

7.

8.
9.

an average beta of 0.99 with the bulk of managers’ betas between
0.93 and 1.04. The results are nearly identical for the past 20 years
(6/1992–6/2012), but with a smaller subset of 194 managers. The
majority of managers have standard deviations between 15–17% for
both of these time periods, right around the market’s 15.5%.
There is a one-in-three chance during a “normal” one-standard
deviation event any given year a manager would underperform by
6%. Suppose the manager underperforms by 6% in the first year
and earns no excess returns the next two years. This would mean
finishing the all-important three-year judgment period with about a
–2% relative underperformance before fees. Quite often, that type
of underperformance results in termination for active managers.
Over the past 10 years, the HFRI Equity Hedge Index returned 4.5%
annualized with 9% volatility, while low volatility stocks earned 7%
with 11% volatility. The Sharpe ratio of low volatility is better than
hedge funds! Correlation to the S&P 500 Index was 0.85 for both
hedge funds and low volatility, and tracking error to the S&P was
approximately 10% for both. To us, investors are much better off
using low volatility equities to maximize Sharpe ratio than high cost
hedge funds.
See Fischer Black (1972) and Robert Haugen (1972 and 1975).
Kuo and Li (2012).
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10. Comparing the S&P 500 Low Volatility Index to the S&P 500 Index.
11. We use the S&P 500 Low Volatility Index to represent the returns
of low volatility portfolios. The S&P 500 Low Volatility Index builds
a portfolio of the 100 stocks within the broad S&P 500 that had
the lowest standard deviation of returns over the past 252 trading
days. It is rebalanced quarterly. Its inception was January 1, 1991, so
we use that as a beginning point for the study. Also, going back in
time earlier than 1991 becomes difficult to find a broad set of active
managers that are truly representative of an investor’s opportunity
set. Starting in 1991 there are just 162 managers in the eVestment
Large Cap Equity universe for the study period. This dataset suffers
from survivorship bias, and is gross of fees. Thus, we are giving active
management an edge here, as their positive 1% excess return over
this time period has been shown by many researchers to be well
above what an actual investor earns through active management,
which is typically negative alpha after costs.
12. Maverick risk describes the willingness to adopt an asset allocation
that looks very different from that of the typical plan. Most U.S. pension portfolios are aligned around a 60% equity / 40% bond anchor
with some allocation to alternatives. Within the equity structure, the
conventional portfolios are heavy in domestic equities, and active
management and cap-weighted indexing.
13. Of course, a 50/50 split between the Fundamental Index and low
volatility strategies would deliver a more optimal portfolio!
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Performance Update
FTSE RAFI® Equity Index Series*
ANNUALIZED

TOTAL RETURN AS OF 7/31/12
FTSE RAFI® All World 30001

BLOOMBERG
TICKER

YTD

12 MONTH

3 YEAR

5 YEAR

10 YEAR

10 YEAR
VOLATILITY

TFRAW3

4.01%

-7.62%

7.04%

-1.17%

9.87%

GDUEACWF

7.49%

-3.10%

8.77%

-1.60%

7.35%

17.44%

FTSE RAFI® Developed ex US 10003

FRX1XTR

0.45%

-16.45%

1.08%

-5.08%

7.89%

20.79%

MSCI World ex US Large Cap4

MLCUWXUG

4.14%

-11.13%

4.00%

-4.69%

7.30%

18.88%

TFRDXUSU

2.43%

-14.46%

7.39%

-0.97%

12.48%

19.16%

GCUDWXUS

4.30%

-14.29%

7.98%

-4.30%

10.12%

20.68%

MSCI All Country World2

FTSE RAFI® Developed ex US Mid Small5
MSCI World ex US Small Cap6

19.28%

FTSE RAFI® Emerging Markets7

TFREMU

3.83%

-14.75%

5.88%

1.19%

21.45%

25.12%

MSCI Emerging Markets8

GDUEEGF

6.22%

-13.64%

6.94%

-0.43%

15.56%

24.52%

FTSE RAFI® 10009

FR10XTR

8.62%

6.25%

14.78%

2.01%

8.03%

18.02%

Russell 100010

RU10INTR

10.68%

7.96%

14.26%

1.26%

6.66%

15.86%

SPTR

11.01%

9.13%

14.13%

1.13%

6.34%

15.62%

FTSE RAFI® US 150012

FR15USTR

6.52%

-1.90%

15.66%

3.98%

11.46%

22.39%

Russell 200013

RU20INTR

7.03%

0.19%

13.71%

1.69%

8.62%

20.48%

FTSE RAFI® Europe14**

TFREUE

4.67%

-5.32%

3.93%

-5.30%

5.03%

19.07%

MSCI Europe15**

GDDLE15

9.81%

2.72%

8.83%

-3.74%

4.63%

16.30%

FTSE RAFI® Australia16**

FRAUSTR

9.59%

5.97%

5.28%

-1.08%

8.13%

13.36%

S&P/ASX 20017**

ASA51

7.74%

1.31%

4.65%

-2.78%

7.87%

13.50%

FTSE RAFI® Canada18**

FRCANTR

1.22%

-4.41%

4.54%

0.85%

10.06%

13.89%

S&P/TSX 6019**

TX60AR

-0.56%

-6.55%

3.31%

-0.93%

8.53%

14.26%

FTSE RAFI® Japan20**

FRJPNTR

-1.87%

-15.00%

-7.86%

-13.42%

0.23%

19.08%

MSCI Japan21**

GDDLJN

2.28%

-11.36%

-6.60%

-14.33%

-1.20%

18.58%

FTSE RAFI® UK22**

FRGBRTR

3.04%

0.49%

8.66%

0.32%

6.89%

16.79%

MSCI UK23**
GDDLUK
3.74%
1.09%
10.85%
1.34%
6.61%
*To see the complete series, please go to: http://www.ftse.com/Indices/FTSE_RAFI_Index_Series/index.jsp.
**The above indices have been restated to reflect the use of local currencies for all single country strategies and EUR for Europe regional strategies rather than USD.

14.79%

S&P 50011

Russell Fundamental Index Series*
ANNUALIZED

TOTAL RETURN AS OF 7/31/12
Russell Fundamental Global Index Large Company24
MSCI All Country World Large Cap25
Russell Fundamental Developed ex US Index Large Company26
MSCI World ex US Large Cap27
Russell Fundamental Developed ex US Index Small Company28
MSCI World ex US Small Cap6
Russell Fundamental Emerging Markets29
MSCI Emerging Markets8
Russell Fundamental US Index Large Company30
Russell 100010
S&P 50011
Russell Fundamental US Index Small Company31
Russell 200013

BLOOMBERG
TICKER

YTD

12 MONTH

3 YEAR

5 YEAR

10 YEAR

10 YEAR
VOLATILITY

17.91%

RUFGLTU

4.99%

-4.56%

8.90%

-0.04%

10.24%

MLCUAWOG

7.80%

-2.28%

8.44%

-1.51%

6.82%

17.13%

RUFDXLTU

0.60%

-15.06%

2.48%

-3.97%

9.37%

19.23%
18.78%

MLCUWXUG

4.17%

-10.78%

3.65%

-4.64%

6.83%

RUFDXSTU

4.51%

-10.65%

7.46%

-1.35%

12.23%

18.71%

GCUDWXUS

4.30%

-14.29%

7.98%

-4.30%

10.12%

20.68%

RUFGETRU

5.82%

-13.89%

8.88%

2.63%

20.93%

24.93%

GDUEEGF

6.22%

-13.64%

6.94%

-0.43%

15.56%

24.52%

RUFUSLTU

9.27%

8.28%

15.19%

2.81%

8.58%

16.53%

RU10INTR

10.68%

7.96%

14.26%

1.26%

6.66%

15.86%

SPTR

11.01%

9.13%

14.13%

1.13%

6.34%

15.62%

RUFUSSTU

6.64%

-1.44%

17.21%

5.09%

12.11%

21.24%
20.48%

RU20INTR

7.03%

0.19%

13.71%

1.69%

8.62%

RUFEUTE

6.65%

-2.90%

7.93%

-3.15%

7.92%

17.92%

MSCI Europe15**
GDDLE15
9.81%
2.72%
8.83%
-3.74%
4.63%
*To see the complete series, please go to: http://www.russell.com/indexes/data/Fundamental/About_Russell_Fundamental_indexes.asp.
**The above indices have been restated to reflect the use of local currencies for all single country strategies and EUR for Europe regional strategies rather than USD.

16.30%

Russell Fundamental Europe32**
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Performance Update
Fixed Income/Alternatives
ANNUALIZED

TOTAL RETURN AS OF 7/31/12
RAFI® Bonds Investment Grade Master33
ML Corporate Master34
RAFI® Bonds High Yield Master35
ML Corporate Master II High Yield BB-B36
RAFI® US Equity Long/Short37
1-Month T-Bill38
FTSE RAFI® Global ex US Real Estate39
FTSE EPRA/NAREIT Global ex US40
FTSE RAFI® US 100 Real Estate41
FTSE EPRA/NAREIT United States42
Citi RAFI Sovereign Developed Markets Bond Index Master43
Merrill Lynch Global Governments Bond Index II44
Citi RAFI Sovereign Emerging Markets Local Currency Bond
Index Master45
JPMorgan GBI-EM Global Diversified46

BLOOMBERG
TICKER

YTD

12 MONTH

3 YEAR

5 YEAR

10 YEAR

10 YEAR
VOLATILITY

6.08%

—

7.37%

10.77%

10.32%

8.97%

7.08%

C0A0

7.81%

9.70%

10.22%

7.95%

6.88%

6.25%

—

9.53%

9.50%

15.70%

11.78%

11.69%

10.35%

H0A4

8.63%

7.80%

13.41%

8.53%

9.59%

9.44%

—

-5.23%

-6.42%

3.62%

0.36%

4.20%

11.74%

GB1M

0.02%

0.04%

0.08%

0.66%

1.66%

0.50%

FRXR

18.34%

-7.37%

9.44%

—

—

—

EGXU

21.52%

-0.62%

9.94%

—

—

—

FRUR

16.45%

8.29%

30.23%

—

—

—

UNUS

17.10%

12.97%

29.09%

—

—

—

CRFDMU

1.30%

-0.01%

4.85%

6.14%

7.60%

7.86%

W0G1

1.71%

2.13%

5.47%

7.05%

6.88%

7.14%

CRFELMU

7.15%

—

—

—

—

—

JGENVUUG

6.99%

—

—

—

—

—
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Definition of Indices:
(1)

The FTSE RAFI® All World 3000 Index is a measure of the largest 3,000 companies, selected and weighted using fundamental factors; (sales, cash flow, dividends, book value), across both developed and emerging markets.

(2) The MSCI All Country World Index is a free float-adjusted market capitalization weighted index that is designed to measure the equity market performance of developed and emerging markets.
(3) The FTSE RAFI® Developed ex US 1000 Index is a measure of the largest 1000 non U.S. listed, developed market companies, selected and weighted using fundamental factors; (sales, cash flow, dividends, book value).
(4) The MSCI World ex US Large Cap Index is a free float-adjusted market capitalization weighted index that is designed to measure the equity market performance of developed markets, excluding the United States.
(5) The FTSE RAFI® Developed ex US Mid Small Index tracks the performance of small and mid-cap companies domiciled in developed international markets (excluding the United States), selected and weighted based on the following four fundamental measures of firm size: sales,
cash flow, dividends and book value.
(6) The MSCI World ex US Small Cap Index is a free float-adjusted market capitalization weighted index that is designed to measure the equity market performance of small cap developed markets, excluding the United States.
(7) The FTSE RAFI® Emerging Markets Index comprises the largest 350 Emerging Market companies selected and weighted using fundamental factors (sales, cash flow, dividends, book value).
(8) The MSCI Emerging Markets Index is an unmanaged, free-float-adjusted cap-weighted index designed to measure equity market performance of emerging markets.
(9) The FTSE RAFI® 1000 Index is a measure of the largest 1,000 U.S. listed companies, selected and weighted using fundamental factors; (sales, cash flow, dividends, book value).
(10) The Russell 1000 Index is a market-capitalization-weighted benchmark index made up of the 1,000 highest-ranking U.S. stocks in the Russell 3000.
(11) The S&P 500 Index is an unmanaged market index that focuses on the large-cap segment of the U.S. equities market.
(12) The FTSE RAFI® US 1500 Index is a measure of the 1,001st to 2,500th largest U.S. listed companies, selected and weighted using fundamental factors; (sales, cash flow, dividends, book value).
(13) The Russell 2000 is a market-capitalization weighted benchmark index made up of the 2,000 smallest U.S. companies in the Russell 3000.
(14) The FTSE RAFI® Europe Index is comprised of all European companies listed in the FTSE RAFI® Developed ex U.S. 1000 Index, which in turn is comprised of the largest 1,000 non U.S. listed developed market companies, selected and weighted using fundamental factors; (sales,
cash flow, dividends, book value).
(15) The MSCI Europe Index is a free-float adjusted market capitalization weighted index that is designed to measure the equity market performance of the developed markets in Europe.
(16) The FTSE RAFI® Australia Index is comprised of all Australian companies listed in the FTSE RAFI® Developed ex U.S. 1000 Index, which in turn is comprised of the largest 1,000 non U.S. listed developed market companies, selected and weighted using fundamental factors;
(sales, cash flow, dividends, book value).
(17) The S&P/ASX 200 Index, representing approximately 78% of the Australian equity market, is a free-float-adjusted, cap-weighted index.
(18) The FTSE RAFI® Canada Index is comprised of all Canadian companies listed in the FTSE RAFI® Developed ex U.S. 1000 Index, which in turn is comprised of the largest 1,000 non U.S. listed developed market companies, selected andweighted using fundamental factors; (sales,
cash flow, dividends, book value).
(19) The S&P/Toronto Stock Exchange (TSX) 60 is a cap-weighted index consisting of 60 of the largest and most liquid (heavily traded) stocks listed on the TSX, usually domestic or multinational industry leaders.
(20) The FTSE RAFI® Japan Index is comprised of all Japanese companies listed in the FTSE RAFI® Developed ex U.S. 1000 Index, which in turn is comprised of the largest 1,000 non U.S. listed developed market companies, selected and weighted using fundamental factors; (sales,
cash flow, dividends, book value).
(21) The MSCI Japan Index is an unmanaged, free-float-adjusted cap-weighted index that aims to capture 85% of the publicly available total market capitalization of the Japanese equity market.
(22) The FTSE RAFI® UK Index is comprised of all UK companies listed in the FTSE RAFI® Developed ex U.S. 1000 Index, which in turn is comprised of the largest 1,000 non U.S. listed developed market companies, selected and weighted using fundamental factors; (sales, cash flow,
dividends, book value).
(23) The MSCI UK Index is an unmanaged, free-float-adjusted cap-weighted index that aims to capture 85% of the publicly available total market capitalization of the British equity market.
(24) The Russell Fundamental Global Index Large Company is a measure of the largest companies, selected and weighted using fundamental factors; (adjusted sales, retained cash flow, dividends + buybacks), across both developed and emerging markets.
(25) The MSCI All Country World Large Cap Index is a free float-adjusted market capitalization weighted index that is designed to measure the equity market performance of developed and emerging markets.
(26) The Russell Fundamental Developed ex US Large Company is a subset of the Russell Fundamental Developed ex US Index, and is a measure of the largest non-U.S. listed developed country companies, selected and weighted using fundamental factors; (adjusted sales, retained
cash flow, dividends + buybacks).
(27) The MSCI World ex US Large Cap Index is a free float-adjusted market capitalization weighted index that is designed to measure the equity market performance of large cap-developed markets, excluding the United States.
(28) The Russell Fundamental Developed ex US Index Small Company is a subset of the Russell Fundamental Developed ex US Index, and is a measure of small non-U.S. listed developed country companies, selected and weighted using fundamental factors; (adjusted sales, retained
cash flow, dividends + buybacks).
(29) The Russell Fundamental Emerging Markets Index is a measure of Emerging Market companies, selected and weighted using fundamental factors; (adjusted sales, retained cash flow, dividends + buybacks).
(30) The Russell Fundamental U.S. Index Large Company is a subset of the Russell Fundamental US Index, and is a measure of the largest U.S. listed companies, selected and weighted using fundamental measures; (adjusted sales, retained cash flow, dividends + buybacks).
(31) The Russell Fundamental US Index Small Company is a subset of the Russell Fundamental US Index, and is a measure of U.S. listed small companies, selected and weighted using fundamental measures; (adjusted sales, retained cash flow, dividends + buybacks).
(32) The Russell Fundamental Europe Index is a measure of European companies, selected and weighted using fundamental factors; (adjusted sales, retained cash flow, dividends + buybacks).
(33) The RAFI® Bonds Investment Grade Master Index is a U.S. investment-grade corporate bond index comprised of non-zero fixed coupon debt with maturities ranging from 1 to 30 years issued by publicly traded companies. The issuers held in the index are weighted by a
combination of four measures of their fundamental size—sales, cash flow, dividends, and book value of assets.
(34) The Merrill Lynch U.S. Corporate Master Index is representative of the entire U.S. corporate bond market. The index includes dollar-denominated investment-grade corporate public debt issued in the U.S. bond market.
(35) The RAFI® Bonds High Yield Master is a U.S. high-yield corporate bond index comprised of non-zero fixed coupon debt with maturities ranging from 1 to 30 years issued by publicly traded companies. The issuers held in the index are weighted by a combination of four measures
of their fundamental size—sales, cash flow, dividends, and book value of assets.
(36) The Merrill Lynch Corporate Master II High Yield BB-B Index is representative of the U.S. high yield bond market. The index includes domestic high-yield bonds, including deferred interest bonds and payment-in-kind securities. Issues included in the index have maturities of
one year or more and have a credit rating lower than BBB-/Baa3, but are not in default.
(37) The RAFI® US Equity Long/Short Index utilizes the Research Affiliates Fundamental Index® (RAFI®) methodology to identify opportunities that are implemented through long and short securities positions for a selection of U.S. domiciled publicly traded companies listed on
major exchanges. Returns for the index are collateralized and represent the return of the strategy plus the return of a cash collateral yield.
(38) The 1-Month T-bill return is calculated using the Bloomberg Generic 1-month T-bill. The index is interpolated based off of the currently active U.S. 1 Month T-bill and the cash management bill closest to maturing 30 days from today.
(39) The FTSE RAFI® Global ex US Real Estate Index comprises 150 companies with the largest RAFI fundamental values selected from the constituents of the FTSE Global All Cap ex U.S. Index that are classified by the Industry Classification Benchmark (ICB) as Real Estate.
(40) The FTSE EPRA/NAREIT Global ex US Index is a free float-adjusted index, and is designed to represent general trends in eligible listed real estate stocks worldwide, excluding the United State. Relevant real estate activities are defined as the ownership, trading and development
of income-producing real estate.
(41) The FTSE RAFI® US 100 Real Estate Index comprises of the 100 U.S. companies with the largest RAFI fundamental values selected from the constituents of the FTSE USA All Cap Index that are classified by the Industry Classification Benchmark (ICB) as Real Estate.
(42) The FTSE EPRA/NAREIT United States Index is a free float-adjusted index, is a subset of the EPRA/NARIET Global Index and the EPRA/NAREIT North America Index and contains publicly quoted real estate companies that meet the EPRA Ground Rules. EPRA/NARIET Index series
is seen as the representative benchmark for the real estate sector.
(43) The Citi RAFI Sovereign Developed Markets Bond Index Series seeks to reflect exposure to the government securities of a universe of 23 developed markets. By weighting components by their fundamentals, the indices aim to represent each country’s economic footprint and proxies for its ability to service debt.
(44) The Merrill Lynch Global Government Bond Index II tracks the performance of investment grade sovereign debt publicly issued and denominated in the issuer’s own domestic market and currency.
(45) The Citi RAFI Sovereign Emerging Markets Local Currency Bond Index Series seeks to reflect exposure to the government securities of a universe of 14 emerging markets. By weighting components by their fundamentals, the indices aim to represent each country’s economic footprint and proxies for its ability to
service debt.
(46) The JPMorgan GBI-EM Diversified Index seeks exposure to the local currency sovereign debt of over 15 countries in the emerging markets.

Source: All index returns are calculated using total return data from Bloomberg and FactSet. Returns for all single country strategies and Europe regional strategies are in local currency. All other returns are in USD.

©2012 Research Affiliates, LLC. The material contained in this document is for general information purposes only. It is not intended as an offer or a solicitation for the purchase and/or sale of any security 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 an asset management product.
No allowance has been made for trading costs or management fees, which would reduce investment performance. Actual results may differ. Index returns represent back-tested 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® and its related entities (collectively “RA”) make this information available on an “as is” basis and make no warranties, express or implied,
regarding the accuracy of the information contained herein. RA 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. Research Affiliates, LLC, is an investment adviser registered under the Investment Advisors Act of 1940 with the U.S. Securities and Exchange Commission (SEC). Citigroup Index
LLC (Citigroup), a subsidiary of Citigroup Inc., and RA have agreed to jointly create and distribute investable bond indices (the “Citi RAFI Bond Index Series”) based on the RA patented Fundamental Index methodology.
Neither Citigroup nor RA make any warranties regarding the accuracy or completeness of any data related to the Citi RAFI Bond Index Series. All information is provided for information purposes only. Neither Citigroup
nor RA accept any liability for any errors or any loss arising from the use of any data or information set forth in this publication. CITI is a registered trademark and service mark of Citigroup Inc. or Citibank, N.A., is used
under license by RA, and is used and registered throughout the world. All intellectual property contributed by RA and Citigroup shall remain solely vested with the respective contributor. The RAFI® US Equity Long/
Short Index is calculated by S&P Dow Jones Indices LLC or its affiliates. S&P® is registered trademark of Standard & Poor’s Financial Services LLC and Dow Jones® is a registered trademark of Dow Jones Trademark
Holdings LLC; the marks have been licensed for use by S&P Dow Jones Indices LLC and its affiliates. Investment products based on the RAFI® US Equity Long/Short Index are not sponsored, endorsed, sold or promoted
by S&P Dow Jones Indices LLC, Dow Jones, S&P or their respective affiliates and none of S&P Dow Jones Indices LLC, Dow Jones, S&P or their respective affiliates makes any representation regarding the advisability of
investing in such product(s). S&P Dow Jones Indices LLC, its affiliates, sources and distribution agents, and each of their respective officers, directors, employees, agents, representatives and licensors (collectively, the
“Index Calculation Agent”) shall not be liable to RA, any customer or any third party for any loss or damage, direct, indirect or consequential, arising from (i) any inaccuracy or incompleteness in, or delays, interruptions,
errors or omissions in the delivery of the RAFI® US Equity Long/Short Index or any data related thereto (the “Index Data”) or (ii) any decision made or action taken by RA, any customer or third party in reliance upon
the Index Data. The Index Calculation Agent does not make any warranties, express or implied, to RA, any of its customers or anyone else regarding the Index Data, including, without limitation, any warranties with
respect to the timeliness, sequence, accuracy, completeness, currentness, merchantability, quality or fitness for a particular purpose or any warranties as to the results to be obtained by RA, any of its customers or other
person in connection with the use of the Index Data. The Index Calculation Agent shall not be liable to RA, its customers or other third parties for loss of business revenues, lost profits or any indirect, consequential,
special or similar damages whatsoever, whether in contract, tort or otherwise, even if advised of the possibility of such damages. The RAFI® US Investment Grade Bond Index and RAFI® US High Yield Bond Index
are calculated by ALM Research Solutions, LLC, (ALM) in conjunction with RA. All rights and interests in the RAFI® US Investment Grade Bond Index and the RAFI® US High Yield Bond Index vest in RA. All rights in
and to the RA Fundamental Index® concept used in the calculation of the RAFI® US Investment Grade Bond Index and the RAFI® US High Yield Bond Index vest in RA. The above RAFI® indexes are not sponsored or
promoted by ALM or its respective affiliates. Neither ALM nor RA make any warranties, express or implied, to any of their customers or anyone else regarding the accuracy or completeness of any data related to the
RAFI® US Investment Grade Bond Index, or the RAFI® US High Yield Bond Index. All information is provided for information purposes only. Neither ALM nor RA accept any liability for any errors or any loss arising from
the use of information in this publication. Russell Investments is the source and owner of the Russell Index data contained or reflected in this material and copyrights related thereto. Russell Investments and RA have
entered into a strategic alliance with respect to the Russell Fundamental Index Series. Subject to RA’s intellectual property rights in certain content (see below), Russell Investments is the owner of all copyrights related
to the Russell Fundamental Indexes. Russell Investments and RA jointly own all trademark and service mark rights in and to the Russell Fundamental Indexes. The presentation may contain confidential information
and unauthorized use, disclosure, copying, dissemination, or redistribution is strictly prohibited. Russell Investments is not responsible for the formatting or configuration of this material or for any inaccuracy in the
presentation. Investors should be aware of the risks associated with data sources and quantitative processes used in our investment management process. Errors may exist in data acquired from third party vendors,
the construction of model portfolios, and in coding related to the index and portfolio construction process. While RA takes steps to identify data and process errors so as to minimize the potential impact of such errors
on index and portfolio performance, we cannot guarantee that such errors will not occur. The trade names Fundamental Index® and RAFI®, the RAFI logo, and the Research Affiliates® corporate name and logo are
registered trademarks and are the exclusive intellectual property of RA. Any use of these trade names and logos 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. The Fundamental Index® method is patented and patent-pending proprietary intellectual property of RA. (US Patent No.
7,620,577; 7,747,502; 7,792,719; 7,778,905; and 8,005,740; Patent Pending Publ. Nos. US-2007-0055598-A1, US-2008-0288416-A1, US-2010-0191628, US-2010-0262563, WO 2005/076812, WO 2007/078399
A2, WO 2008/118372, EPN 1733352, and HK1099110). 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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