S&P Dow Jones
Indices

A Division of S&P Global

Contributor

Phillip Brzenk, CFA
Director

Global Research & Design
phillip.brzenk@spglobal.com

Research

Constructing a Systematic
Asset Allocation Strategy:

The S&P Dynamic Tactical Allocation Index
SUMMARY

A typical long-term investor may seek exposure to riskier asset classes in
their portfolios with the hopes of higher returns and better outcomes. While
the long-term historical returns for higher risk asset classes (such as
equities, real estate, and commaodities) have been higher relative to safer
assets (like short-term U.S. Treasuries), losses can be substantial in
downturns. In times of distress, market participants may tactically allocate
to safe haven investments, such as cash or government bonds.
Nevertheless, knowing when to be fully “risk on” and when to move to
safety is not an easy undertaking.

The capital asset pricing model (CAPM) assumes that investors are rational
and risk averse. However, in reality, behavior biases affect investor
decision-making. In fact, research has shown that when investor
performance lags the market, it is often attributable to these biases (Elan,
2010 and Feldman, 2011).

Behavioral biases, such as loss aversion, overconfidence, anchoring, or
impulse, can lead to ill-timed or ill-advised investment decisions, resulting in
less desirable outcomes (Kahneman and Ripe, 1998 and Pompian, 2018).
Investors can be hardwired to want to take action in times of volatility,
whether warranted or not. Although it can be challenging to overcome
these behavioral tendencies, a systematic and dynamic allocation approach
to control portfolio volatility can help prevent an unnecessary “anxious exit”
from the market.

In this paper, we introduce the S&P Dynamic Tactical Allocation Index
(DTAQ), which uses a systematic approach to asset allocation by
incorporating dynamic and tactical investment strategies into the index
design. We first review the portfolio construction methodology, providing
empirically driven rationale for the asset class building blocks and overall
ruleset. In part two of the paper, we review the historical index
performance. We compare the strategy with hypothetical static allocation
versions and the classic 60/40 equity/bond portfolio.
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Constructing a Systematic Asset Allocation Strategy

The S&P DTAQ is a
global, systematic,
multi-asset allocation
strategy that employs
trend following,
volatility, and economic
activity signals to
determine asset class
allocations.

In this base case
scenario, equities have
a weight of 85%,
divided into three
regions: U.S.,
international, and
emerging markets.

Even though fixed
income is part of the
eligible universe, it acts
as a riskless asset, with
a 0% weight in the base
allocation.
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INTRODUCTION

The S&P DTAQ is a global, systematic, multi-asset allocation strategy that
employs trend following, volatility, and economic activity signals to
determine asset class allocations. The transparent, rules-driven strategy
attempts to have exposure to riskier assets in up markets, while shifting to
lower-risk assets in market downturns.

As such, the index seeks to provide higher risk-adjusted returns than the
broad market irrespective of the economic environment. To achieve the
stated objective, the index uses several dynamic and tactical investment
strategies.

As investments and markets fluctuate over time, dynamic asset allocation
calls for periodic portfolio rebalancing, bringing holdings back to their target
weights. In keeping with that theme, the S&P DTAQ is reviewed and
rebalanced on a monthly basis. In an attempt to achieve higher risk-
adjusted returns than the benchmark, tactical asset allocation, such as
shifting weights from high-risk asset classes to low-risk asset classes, is
also incorporated into the portfolio construction.

PORTFOLIO CONSTRUCTION

In this section, we cover the construction of the overall portfolio and its
underlying strategies. The default index target weights are assigned to
equities and alternative assets. This base scenario signifies a risk-on
period, with the portfolio fully allocated among a diversified pool of risky
assets.

In this base scenario, equities have a weight of 85%, divided into three
regions: U.S., international, and emerging markets. To diversify away from
equities, the remaining 15% is assigned to alternative assets—uwith real
estate, commodities, and gold each assigned 5%.

Even though fixed income is part of the eligible universe, it acts as a
riskless asset, with a 0% weight in the base allocation. As detailed in the
next section, a percentage of the portfolio may shift to fixed income based
on allocation signals.

Exhibit 1: Asset Classes and Representative Indices

ASSET CLASS | ASSET INDEX

U.S. Equities S&P DTAQ U.S. Equity Sub-Index
Developed Ex-U.S. Equities S&P Developed Ex-U.S. BMI
S&P Emerging BMI

Equities
Emerging Equities

Real Estate Dow Jones U.S. Real Estate Index
Alternative Assets  Commodities Dow Jones Commodity Index
Gold Dow Jones Commodity Index Gold

Fixed Income U.S. Treasuries S&P DTAQ Fixed Income Sub-Index

Source: S&P Dow Jones Indices LLC. Table is provided for illustrative purposes.
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The S&P DTAQ is
reviewed on a monthly
basis to determine
whether the allocations
remain at their target
weights.

When an asset’s price
is trending upward
(positive), its allocation
remains at the full
target weight,
regardless of the
volatility level.

When the trend points
downward (negative),
the volatility level
(normal or high)
determines whether
half or all of the target
weight moves to fixed
income.
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Exhibit 2: Target Asset Allocation

m Equities

m Real Estate

Commodities

5%

mGold

5%

Source: S&P Dow Jones Indices LLC. Chart is provided for illustrative purposes.

Allocation Signals

The S&P DTAQ is reviewed on a monthly basis to determine whether the
allocations remain at their target weights. At the end of each month, each
risky asset class is classified as risk on, mixed, or risk off, using two market
signals: trend and volatility.® In periods of negative momentum or high
volatility for an asset, allocation shifts to fixed income, categorized as the
risk-off asset class. Since each is classified independently of the others, for
a given month, one asset class may be marked as risk on, while another
may be determined as risk off.

When an asset’s price is trending upward (positive), its allocation remains
at the full target weight, regardless of the volatility level. When the trend
points downward (negative), the volatility level (normal or high) determines
whether half or all of the target weight moves to fixed income.

Exhibit 3: Allocation Matrix

TREND l VOLATILITY l ALLOCATION TO TARGET WEIGHT (%)
Positive Normal 100
Positive High 100
Negative Normal 50
Negative High 0

Source: S&P Dow Jones Indices LLC. Table is provided for illustrative purposes.

The trend signal is based on relative strength, which follows the notion that
if an asset’s price is above its historical moving average, it is a positive sign
that the price may continue to rise. Conversely, if the current price is below
the historical moving average, then the asset may continue to decline in
value. The trend for each asset is based on the current price return index
level compared with the prior six-month (125-day) average:
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The volatility signal is
designed to capture
periods of distress in a
given asset.

It compares short-term
volatility (20 days) with
long-term volatility (125
days).

The level of 150% acts
as the threshold based
on an approximately
statistically significant
distance away from
average volatility.

This serves two
purposes: 1) it reduces
readings of false
positives and short-
term spikes, and 2) it is
not overly conservative
in labeling a period as
high volatility.
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Trend, = {Positiye when P, > SMA
Negative when P, < SMA
where:
t = Rebalance reference date
P = Price return index value

(Excess return for commodities)
SMA,; = Prior 125-day simple moving average of P

The volatility signal is designed to capture periods of distress in a given
asset. It compares short-term volatility (20 days) with long-term volatility
(125 days). If the short-term volatility is materially higher than the long-term
volatility, then the period is considered to be in a state of high volatility;
otherwise, the period is classified as normal volatility. The threshold for a
period to be high volatility is when the short-term volatility level is at least
150% of the long-term volatility level:

High when VOL; ;op = 150 % * VOL; 125p

Volatility, = {Normal when VOL ;op < 150 % * VOL¢ 155p

where:
t = Rebalance reference date
P = Price return index value
(Excess return for commodities)
VOL¢ 20p = Prior 20-day volatility of P
VOL: 125p = Prior 125-day volatility P
and:
19 Pe-n )\
V0L g = | 2n=0 (n ()
t,20D 20
Pe—n \\?
252+ 5124 (i (=)
VOL125p = —

125

The level of 150% acts as the threshold based on an approximately
statistically significant distance away from average volatility. This serves
two purposes: 1) it reduces readings of false positives and short-term
spikes, and 2) it is not overly conservative in labeling a period as high
volatility.
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The equities allocation
covers three major
regions: U.S.,
developed ex-U.S., and
emerging markets.

On average, the
respective weights
have been 41.5% for
the U.S., 36.8% for
developed ex-U.S.
markets, and 6.7% for
emerging markets.

Developed ex-U.S. and
emerging markets use
their representative
indices for final
allocation in the
portfolio...

...while the U.S. market
comprises three tactical
strategies—contrarian,
momentum, and size.
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Additionally, while short- and long-term average volatilities are similar,
short-term volatility tends to have higher variations in levels than long-term
volatility. Based on historical figures, 150% of the 125-day volatility is a
suitable approximation for 1 standard deviation above the historical mean of
the 20-day volatility for the majority of the asset classes (see Appendix A).
With this introduction to the allocation signals, we next review the
construction of each asset class—equities, alternative assets, and fixed
income.

Equities

The equities allocation covers three major regions: U.S., developed ex-
U.S., and emerging markets. The base target weight for equities is 85%,
allocated to each region based on its relative size in terms of market
capitalization in the S&P Global BMI.2 The target weight for each region is
determined yearly at the end of December and is used for the upcoming
calendar year.

Relative weights between the three regions have changed over time due to
differences in economic growth and market performance. On average, the
respective weights have been 41.5% for the U.S., 36.8% for developed ex-
U.S. markets, and 6.7% for emerging markets. Over the years, we observe
an upward trend in emerging markets (see Appendix B for yearly weights).

Developed ex-U.S. and emerging markets use their representative indices
for final allocation in the portfolio, while the U.S. market comprises three
tactical strategies—contrarian, momentum, and size. Contrarian and
momentum are sector-rotation-based strategies, while size is represented
by the S&P 500 Equal Weight Index (EWI). In total, two-thirds of the
allocation goes to the sector rotation strategies, while the remaining one-
third is assigned to size.

Exhibit 4: U.S. Equity Allocations

m Contrarian
33.33%

44.44%

= Momentum

Size

22.22%
Source: S&P Dow Jones Indices LLC. Chart is provided for illustrative purposes.


https://spindices.com/indices/equity/sp-global-bmi-us-dollar
https://spindices.com/indices/equity/sp-500-equal-weighted
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The contrarian strategy
is based on the notion
of mean reversion—the
sectors that performed
the worst in the recent
past will perform better
in the future.

The momentum
strategy is designed to
capture the trend effect,
which posits that the
best-performing sectors
will continue to
outperform in the next
period.

The size strategy is
designed to capture the
size premium by
equally weighting the
companies in the S&P
500.

All three strategies
individually
outperformed the S&P
500 over the long term.

RESEARCH | Strategy

November 2018

The two sector rotation strategies are based on S&P 500 GICS® sectors,
excluding Real Estate, as that sector has a separate allocation in the
overall portfolio. The strategies are designed to take advantage of
differences in performance of the individual sectors in different stages of
market cycles (see Appendix C).

The contrarian strategy is based on the notion of mean reversion—the
sectors that performed the worst in the recent past will perform better in the
future. The strategy rebalances once a year and allocates to the four
worst-performing S&P 500 sectors of the prior year (see Appendix D1 for
historical allocations). The selected sectors are equally weighted, with
weights reset on a quarterly basis.

The momentum strategy is designed to capture the trend effect, which
posits that the best-performing sectors will continue to outperform in the
next period. On a quarterly basis, the strategy selects the two top-
performing sectors of the prior six months, with each receiving 50% of the
total momentum weight (see Appendix D2 for historical allocations).

The size strategy is designed to capture the size premium by equally
weighting the companies in the S&P 500. Equal weighting effectively
diversifies contribution to returns by reducing the concentration bias of the
largest companies in the S&P 500 (Zeng and Luo, 2013).

To measure the effectiveness of each strategy and the resulting S&P DTAQ
U.S. Equity Sub-Index relative to the benchmark S&P 500, we plot historical
excess returns (see Exhibit 5). All three strategies individually
outperformed the S&P 500 over the long term.

Exhibit 5: Historical Excess Returns Versus S&P 500
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The contrarian and momentum portfolios are hypothetical portfolios.

Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Index performance
based on total return in USD. Past performance is no guarantee of future results. Chart is provided for
illustrative purposes and reflects hypothetical historical performance. Please see the Performance
Disclosure at the end of this document for more information regarding the inherent limitations associated
with back-tested performance.
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While the S&P 500 EWI
outperformed the
combined U.S. equity
portfolio on a
cumulative basis...

...the S&P DTAQ U.S.
Equity Sub-Index’s
monthly hit rate,
measured as the
percentage of months it
outperformed the S&P
500, was higher than
any of the individual
strategies.

Additionally, the S&P
DTAQ U.S. Equity Sub-
Index had positive
average excess returns
in both up and down
markets.
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Exhibit 5 points to the rationale for using multiple tactical strategies
combined into the aggregate S&P DTAQ U.S. Equity Sub-Index. While all
three strategies outperformed the S&P 500, each showed periods of
outperformance and underperformance.

Exhibit 6: Hit Rate and Average Excess Returns

HIT RATE: MONTHS OUTPERFORMING THE S&P 500 (%)

PERIOD NUMBER
OF S&P DTAQ U S.
TYPE MONTHS | CONTRARIAN | MOMENTUM | S&P 500 EWI EQUITY SUB-
INDEX
All Months 216 52.78 53.24 54.63 58.33
Up Markets 138 50.72 53.62 62.32 59.42
Down Markets 78 56.41 52.56 41.03 56.41
AVERAGE MONTHLY EXCESS RETURN VERSUS THE S&P 500 (%)

PERIOD NUMBER
OF S&P DTAQ U.S.
TYPE MONTHS | CONTRARIAN | MOMENTUM | S&P 500 EWI EQUITY SUB-
INDEX
All Months 216 0.28 0.21 0.33 0.28
Up Markets 138 0.13 0.05 0.50 0.24
Down Markets 78 0.56 0.48 0.02 0.36

The contrarian and momentum portfolios are hypothetical portfolios.

Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Index performance
based on monthly total return in USD. Past performance is no guarantee of future results. Table is
provided for illustrative purposes and reflects hypothetical historical performance. Please see the
Performance Disclosure at the end of this document for more information regarding the inherent
limitations associated with back-tested performance.

While the S&P 500 EWI outperformed the combined U.S. equity portfolio on
a cumulative basis, the S&P DTAQ U.S. Equity Sub-Index’s monthly hit
rate, measured as the percentage of months it outperformed the S&P 500,
was higher than any of the individual strategies.

Additionally, the S&P DTAQ U.S. Equity Sub-Index had positive average
excess returns in both up and down markets. In contrast, most of the
outperformance for the individual strategies came in either up or down
markets; contrarian and momentum mainly outperformed during down
markets, while the S&P 500 EWI outperformed in up markets.

Alternative Assets

The inclusion of alternative assets—such as real estate, commodities, and
gold—in a multi-asset portfolio can be advantageous for several reasons.
First, they have historically exhibited low correlations to equities and fixed
income, which may increase portfolio diversification and lead to higher risk-
adjusted returns (Markowitz, 1952). Second, they may provide some level
of inflation protection for the portfolios. These assets have performed
better in the presence of unexpected inflation, a state that usually puts
pressure on equity and fixed income prices (Bhardwaj et al., 2011). Prior to
applying the trend and volatility signals, the base allocation for each asset
is 5%.
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The inclusion of
alternative assets—
such as real estate,
commodities, and
gold—in a multi-asset
portfolio can be
advantageous for
several reasons:

...they have historically
exhibited low
correlations to equities
and fixed income,
which may increase
portfolio diversification
and lead to higher risk-
adjusted returns...

...they may provide
some level of inflation
protection for the
portfolios...

...and they have
performed better in the
presence of
unexpected inflation
than equity and fixed
income prices.
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Exhibits 7 and 8 show historical asset class correlations from 1999 to 2017,
Exhibit 7 shows full-period cross correlations and Exhibit 8 shows rolling
36-month correlations.?

Exhibit 7: Asset Class Correlations

ASSET CLASS EQUITIES | TREASURIES |  ESaate | COMMODITIES | GOLD
U.S. EQUITIES - -0.30 039 002
U.S. TREASURIES -0.30 - -0.04 011 029
REAL ESTATE 0.04 - 028 013
COMMODITIES 0.39 0.11 0.28 - 044
GOLD 0.02 0.29 0.13 0.44 -

Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Data based on
monthly total return in USD. Past performance is no guarantee of future results. Table is provided for
illustrative purposes and reflects hypothetical historical performance. Please see the Performance
Disclosure at the end of this document for more information regarding the inherent limitations associated
with back-tested performance.

Exhibit 8: Rolling 36-Month Asset Class Correlations
1.00

0.80

0.60

0.40

0.20

Correlation
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2010
2011
2012
2013
2014
2015
2016
2017

— U.S. Equities-Real Estate = U.S. Equities-Commodities

U.S. Equities-Gold = U.S. Treasuries-Real Estate

U.S. Treasuries-Commodities U.S. Treasuries-Gold
Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Data based on
monthly total return in USD. Past performance is no guarantee of future results. Chart is provided for
illustrative purposes and reflects hypothetical historical performance. Please see the Performance
Disclosure at the end of this document for more information regarding the inherent limitations associated
with back-tested performance.

Inflation, as measured by the Consumer Price Index for All Urban
Consumers (CPI-U), is often broken into two components—core and
unexpected. Unexpected inflation is considerably less stable than core
inflation (see Exhibit 9), which can make it more difficult to model and
predict in the market.* Due to this, the inflation risk of a portfolio is
generally concerned with changes in unexpected inflation, in particular
positive surprises.
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Inflation is often broken
into two components—
core and unexpected.

Unexpected inflation is
considerably less stable
than core inflation,
which can make it more
difficult to model and
predict in the market.

In the presence of
positive inflation
shocks, real estate,
commodities, and gold
all typically
outperformed U.S.
equities and
Treasuries.

The low correlations to
U.S. equities and fixed
income, along with
historical
outperformance in
inflationary periods,
gives credence to the
inclusion of these asset
classes in the overall
portfolio.
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Exhibit 9: Year-Over-Year Monthly Inflation Changes
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Source: S&P Dow Jones Indices LLC, Federal Reserve Bank of St. Louis. Data from Dec. 31, 1999, to
Dec. 29, 2017. Rolling year-over-year inflation change based on monthly, seasonally adjusted CPI-U.
See Endnote 4 for more details on calculations. Chart is provided for illustrative purposes.

Exhibit 10 categorizes the year-over-year unexpected inflation changes into
two regimes—positive change and negative change—and shows the hit
rates and average excess returns relative to U.S. equities. In the presence
of positive inflation shocks, real estate, commodities, and gold all typically
outperformed U.S. equities and Treasuries (observed by a comparison of
the respective columns in Exhibit 10).

Exhibit 10: Hit Rates and Excess Returns Versus U.S. Equities Based on Unexpected Inflation
Direction

PERIOD TYPE REAL ESTATE ‘ COMMODITIES GOLD | U.S. TREASURIES
HIT RATE: MONTHS OUTPERFORMING U.S. EQUITIES (%)

All Months 55.56 46.30 50.46 43.52
Positive Unexpected 58.73 53.17 54.76 46.03
Inflation

Negative Unexpected 54.05 37.84 45.95 40.54
Inflation

AVERAGE MONTHLY EXCESS RETURN VERSUS U.S. EQUITIES (%)

All Months 0.51 -0.07 0.25 -0.03
Posn_lve Unexpected 0.67 0.54 0.52 0.13
Inflation

Negative Unexpected

Inflation 0.27 -0.73 -0.08 -0.38

Source: S&P Dow Jones Indices LLC, Federal Reserve Bank of St. Louis. Data from Dec. 31, 1999, to
Dec. 29, 2017. Inflation figures are the year-over-year change based on monthly, seasonally adjusted
CPI-U. See Endnote 4 for more details on calculations of inflation figures. Due to the lag of publishing,
inflation figures are lagged by one month where calculating relative performance of the asset classes.
Non-material monthly changes in unexpected inflation, defined as a change of less than +0.10%, are
excluded from the analysis. Table is provided for illustrative purposes and reflects hypothetical
historical performance. Please see the Performance Disclosure at the end of this document for more
information regarding the inherent limitations associated with back-tested performance.

The low correlations to U.S. equities and fixed income, along with historical
outperformance in inflationary periods, gives credence to the inclusion of
these asset classes in the overall portfolio.
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The fixed income asset
class is considered to
be the reserve asset
class, to which
allocations shift when
asset class trends and
volatility signals point
negative...

...therefore, the eligible
universe is restricted to
U.S. Treasuries,
excluding riskier bonds
such as corporates or
international sovereign
bonds.

To allocate across the
yield curve, four
maturities (2, 5, 10, and
30 years), using the
futures contracts,
comprise the eligible
U.S. Treasuries
universe.
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Fixed Income

The fixed income asset class is considered to be the reserve asset class, to
which allocations shift when asset class trends and volatility signals point
negative. As we’ll demonstrate in Exhibit 19, while fixed income may
underperform its riskier counterparts over the long term, it holds up better in
economic downturns.

Since the asset class is the safety asset, the eligible universe is restricted
to U.S. Treasuries, excluding riskier bonds such as corporates or
international sovereign bonds. To allocate across the yield curve, four
maturities (2, 5, 10, and 30 years), using the futures contracts, comprise the
eligible U.S. Treasuries universe.

At each monthly rebalance, the initial allocation to fixed income is 0%, with
the final allocation dependent on two factors. First, the total allocation is
based on the allocation decision matrix for the risky asset classes (see
Exhibit 3). If the determined exposure to any of the risky assets is less than
100% of their target weight, the excess weight is placed in fixed income.
Second, in conjunction with the allocation to the asset class, the current
economic conditions in the U.S., as measured by the Chicago Fed National
Activity Index (CFNAI), determines how the weight is allocated across the
yield curve.

The historical average allocation to the risk-on assets was 80% (see the
dotted line in Exhibit 11), leaving 20% allocated to fixed income.

Exhibit 11: Historical Asset Class Allocations
100%

1999
2000
2003
2004
2005
2006
2007
2008
2009
2010

2001
2002
2011
2012
2013
2014
2015
2016
2017

= U.S. Equities
Emerging Market Equities
Commodities mmmm Gold
mmmm U.S. Treasury Notes/Bonds == = Average Allocation to Risk-on Assets
Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Data based on
monthly allocations. Past performance is no guarantee of future results. Chart is provided for
illustrative purposes and reflects hypothetical historical performance. Please see the Performance
Disclosure at the end of this document for more information regarding the inherent limitations associated
with back-tested performance.

mmmmm Developed Market Equities
mmmmm Real Estate
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At any point in time, the
fixed income allocation

was rarely close to the

average of 20%.

The S&P DTAQ groups
the CFNAI into three
economic activity levels
(EALS)...

EAL 1 indicates normal
economic activity, EAL
2 indicates materially
lower growth or a
potential recession, and
EAL 3 indicates the
potential for a severe
recessionary period.

Along with the total
amount allocated to
fixed income, the EAL
is important in
determining where in
the yield curve the
allocation is placed.
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While 20% was the average allocation to fixed income, Exhibit 11
demonstrates the strategy’s dynamic allocation rules. At any point in time,
the fixed income allocation was rarely close to the average. The median
fixed income allocation was 7.5%, which tells us that allocations in most
months were lower than the average, and during times of expected market
stress, the weight quickly surpassed the average.

We use the CFNAI to identify potential recessionary periods in the U.S. A
composite of 85 economic indicators, the CFNAI is normalized such that
the historical U.S. GDP growth rate equates to a value of zero, with a
standard deviation of 1. Therefore, when the level is above zero, the
economy is growing at a faster rate than the historical average, while a
negative level indicates below trend growth, including economic decline.

The S&P DTAQ groups the CFNAI into three economic activity levels
(EALSs): EAL 1 indicates normal economic activity, EAL 2 indicates
materially lower growth or a potential recession, and EAL 3 indicates the
potential for a severe recessionary period. Each EAL, as measured by the
CFENAI level EA; at month t, is determined by the equations shown in
Exhibit 12.

Exhibit 12: EAL Calculations

EAL ECONOMIC ACTIVITY Z-SCORE
1 EA, > -1

2 —-2<EA < -1

3 EA < -2

Source: S&P Dow Jones Indices LLC. Table is provided for illustrative purposes.

Along with the total amount allocated to fixed income, the EAL is important
in determining where in the yield curve the allocation is placed. In normal
economic conditions, when the EAL is 1, allocation is primarily placed in the
S&P 2-Year U.S. Treasury Note Futures Index and S&P 5-Year U.S.
Treasury Note Futures Index. In economic stress periods (EAL 2 and 3),
the long end of the yield curve is prioritized in the allocation (see Appendix
E for full allocation rules). Interest rates typically fall sharply during
recessions (Romer 1994), and since long-term bonds have higher duration
than short-term bonds, they could be expected to perform better when rates
decrease.

Exhibit 13 shows the historical CFNAI levels distribution, along with the
EAL cutoffs.
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When the EAL is 1,
allocation is primarily
placed in the S&P 2-
Year U.S. Treasury
Note Futures Index and
S&P 5-Year U.S.
Treasury Note Futures
Index.

In economic stress
periods (EAL 2 and 3),
the long end of the yield
curve is prioritized in
the allocation.

Combining the total
allocation to fixed
income and the EAL as
classified by the
CENAI, Exhibit 14
shows the distribution
of the fixed income
allocation across the
yield curve.
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Exhibit 13: Historical CFNAI Distribution
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Source: S&P Dow Jones Indices LLC, Federal Reserve Bank of Chicago. Data from Dec. 31, 1999, to
Dec. 29, 2017. Chart is provided for illustrative purposes and reflects hypothetical historical
performance.

The CFNAI levels generally centered around zero, although it is also
evident that the data contains a negative skew. The negative skewness is
the primary rationale for separating CFNAI levels that are statistically far
from the mean (1 or more standard deviations away) into multiple EALs.
EAL 3 is meant to classify periods of significant distress in the economy,
leading to further adjustments to the fixed income allocation beyond the
adjustments made in EAL 2.

Combining the total allocation to fixed income and the EAL as classified by
the CFNAI, Exhibit 14 shows the distribution of the fixed income allocation
across the yield curve.

Exhibit 14: Historical Fixed Income Allocation

100%
90%
5 80%
8 70% ‘
S l I
X 60%
g 50%
S 30% - *
Q
F 20% -
10%
0%
[2] o — N ™ < Yo © N~ [ce) (2] o — N (2] <t Lo © N~
[e2] o o o o o o o o o o - I - — I — — —
(o)) o o o o o o o o o o o o o o
— N N N N N N N N N N N N N N N N N N
m 2-Year U.S. Treasury Note m5-Year U.S. Treasury Note

10-Year U.S. Treasury Note m 30-Year U.S. Treasury Bond
Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Data based on
monthly allocations. The 2-, 5-, and 10-year U.S. Treasury notes are represented by the S&P 2-Year
U.S. Treasury Note Futures Index, S&P 5-Year U.S. Treasury Note Futures Index, and S&P 10-Year
U.S. Treasury Note Futures Index, respectively. The 30-Year U.S. Treasury Bond is represented by the
S&P U.S. Treasury Bond Futures Index. Past performance is no guarantee of future results. Chart is
provided for illustrative purposes and reflects hypothetical historical performance. Please see the
Performance Disclosure at the end of this document for more information regarding the inherent
limitations associated with back-tested performance.
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To demonstrate the
impact of changing
allocations based on
the allocation signals,
we created two variants
of the DTAQ strategy
with fixed weights for
the entire history.

The first variant,
‘DTAQ-0%,” is always
in the risk-on regime,
with 0% weight in fixed
income.

The second fixed-
weight variant, “DTAQ-
40%,” uses the same
relative weights as the
first variant, while
incorporating a static
40% weight to fixed
income.
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So far in this paper, we have reviewed the asset allocation process and
rationale for the S&P DTAQ. In the final section, we will review the
historical performance of the strategy.

HISTORICAL PERFORMANCE

In this section, we compare the S&P DTAQ to hypothetical portfolios with
fixed weights: the classic 60/40 equity/bond mix, and the S&P Global BMI,

which represents global equities.

To demonstrate the impact of changing allocations based on the allocation
signals, we created two variants of the DTAQ strategy with fixed weights for
the entire history (see Appendix F for allocation details). The first variant,
“‘DTAQ-0%,” is always in the risk-on regime, with 0% weight in fixed
income. The allocation to the risky assets is based on the target weights of
the DTAQ strategy, as seen in Exhibit 2, with the regional equity allocations
based on the approximate historical average.

The second fixed-weight variant, “DTAQ-40%,” uses the same relative
weights as the first variant, while incorporating a static 40% weight to fixed
income. The fixed income portion is represented by the fixed income
performance in the S&P DTAQ. The 60/40 equity/bond portfolio is a
combination of the S&P Global BMI and S&P 5-Year U.S. Treasury Note
Futures Index.®> Exhibit 15 shows the cumulative performance of the S&P

DTAQ compared with the other portfolios.

Exhibit 15: Cumulative Returns
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The DTAQ-0%, DTAQ-40%, and 60/40 equity/bond portfolios are hypothetical portfolios.

Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Data based on
monthly total return in USD. Past performance is no guarantee of future results. Chart is provided for
illustrative purposes and reflects hypothetical historical performance. Please see the Performance
Disclosure at the end of this document for more information regarding the inherent limitations associated

with back-tested performance.
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The analysis shows
that the allocation rules
set in place for the S&P
DTAQ led to historical
outperformance
compared with the
other portfolios by a
wide margin.

The S&P DTAQ
returned 485%,
compared with 285%
for the DTAQ-0%
portfolio, 205% for the
DTAQ-40% portfolio,
186% for the 60/40
equity/bond portfolio,
and 165% for the S&P
Global BMI.

The S&P DTAQ
strategy produced
higher volatility than the
DTAQ-40% and 60/40
equity/bond portfolio,
however, the additional
risk paid off in terms of
return per unit of risk.
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The analysis shows that the allocation rules set in place for the S&P DTAQ
led to historical outperformance compared with the other portfolios by a
wide margin. For the period studied, the S&P DTAQ returned 485%,
compared with 285% for the DTAQ-0% portfolio, 205% for the DTAQ-40%
portfolio, 186% for the 60/40 equity/bond portfolio, and 165% for the S&P
Global BMI. Exhibit 16 shows the risk/return profile for the portfolios as of
December 2017.

Exhibit 16: Risk/Return Profile

PERIOD S&P DTAQ DTAQ-0% DTAQ-40% EQUITY/BG(()){\?S GLOBAL SB%\/IF:
ANNUALIZED RETURN (%)

1-Year 20.25 21.70 12.75 14.26 23.22
3-Year 7.70 9.06 5.70 6.29 9.69
5-Year 8.25 9.52 5.96 7.20 11.32
10-Year 9.65 5.89 4.62 5.45 5.37
15-Year 12.67 10.91 7.75 8.12 9.98
18-Year 10.21 7.78 6.39 6.02 5.57
ANNUALIZED VOLATILITY (%)

3-Year 5.97 9.58 5.66 5.93 10.56
5-Year 6.84 9.26 5.54 5.95 9.99
10-Year 10.88 16.01 9.73 9.61 17.13
15-Year 10.13 14.28 8.65 8.60 15.12
18-Year 9.97 14.52 8.64 8.73 15.68
RETURN/RISK

3-Year 1.29 0.95 1.01 1.06 0.92
5-Year 121 1.03 1.08 121 1.13
10-Year 0.89 0.37 0.47 0.57 0.31
15-Year 1.25 0.76 0.90 0.94 0.66
18-Year 1.02 0.54 0.74 0.69 0.36

The DTAQ-0%, DTAQ-40%, and 60/40 equity/bond portfolios are hypothetical portfolios.

Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Data based on
monthly total return in USD. Past performance is no guarantee of future results. Table is provided for
illustrative purposes and reflects hypothetical historical performance. Please see the Performance
Disclosure at the end of this document for more information regarding the inherent limitations associated
with back-tested performance.

The S&P DTAQ strategy produced higher volatility than the DTAQ-40% and
60/40 equity/bond portfolio for all of the periods. However, the additional
risk paid off in terms of return per unit of risk; the long-term return-over-risk
ratio for the S&P DTAQ (1.02 for 18-year) was materially higher than that of
the comparison portfolios.

Since the strategy is dynamic in nature, it is useful to review rolling returns
and risk data. Exhibit 17 shows the rolling 36-month annualized return and
volatility for the portfolios. In addition, the average allocation to risky assets
is shown in the background.

14



Constructing a Systematic Asset Allocation Strategy November 2018

Exhibit 17: Rolling 36-Month Annualized Return and Volatility
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periods, thereby Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Data based on
reducing overall monthly total return in USD. Past performance is no guarantee of future results. Charts are provided

for illustrative purposes and reflect hypothetical historical performance. Please see the Performance
Disclosure at the end of this document for more information regarding the inherent limitations associated
with back-tested performance.

portfolio volatility.

The charts show that the S&P DTAQ consistently performed well on a
relative basis, while also reducing allocation to risky assets in stress
periods, thereby reducing overall portfolio volatility. To study specific bear
markets, the Exhibit 18 shows how each portfolio performed during the
three worst equity market downturns since 1999, as determined by the S&P
Global BMI.
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Exhibit 18 highlights
that the S&P DTAQ
outperformed the other
portfolios in significant
market downturns.

The ability for the
strategy to shift all, or
the majority, of its
assets into fixed
income gave it a leg up
compared with the
static fixed income
portfolios.

During the global
financial crisis (in the
maximum drawdown
period), the S&P DTAQ
had a drawdown of -
18.8%, nearly 40%
better than the S&P
Global BMI.
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Exhibit 18: The Three Worst Drawdowns of the S&P Global BMI

Maximum Drawdown Second-Largest Drawdown Third-Largest Drawdown
(Oct. 31, 2007, to (March 24, 2000, to (May 21, 2015, to
March 9, 2009) Oct. 9, 2002) Feb. 11, 2016)
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The DTAQ-0%, DTAQ-40%, and 60/40 equity/bond portfolios are hypothetical portfolios.

Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Data based on
monthly total return in USD. Past performance is no guarantee of future results. Chart is provided for
illustrative purposes and reflects hypothetical historical performance. Please see the Performance
Disclosure at the end of this document for more information regarding the inherent limitations associated
with back-tested performance.

Exhibit 18 highlights that the S&P DTAQ outperformed the other portfolios
in significant market downturns. The ability for the strategy to shift all, or
the majority, of its assets into fixed income gave it a leg up compared with
the static fixed income portfolios (the DTAQ-40% and 60/40 equity/bond
portfolios; see Exhibit 11 for allocations over time). During the global
financial crisis (in the maximum drawdown period), the S&P DTAQ had a
drawdown of -18.8%, nearly 40% better than the S&P Global BMI. In
addition, it outperformed the DTAQ-40% and 60/40 equity/bond portfolios
by approximately 14% in the same period.

We will next dissect average portfolio returns based on fixed income
allocation percentages and the EALSs indicated by the CFNAI. Exhibit 19
shows the one-month forward returns based on the allocation signals of the
strategy.
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In periods of EALs 2
and 3, the S&P DTAQ
was able to produce
relatively better
average returns.

Returns were negative
for all portfolios except
the S&P DTAQ, which
produced an average
return of 1.34%.

The S&P DTAQ
provides a transparent,
rules-driven approach
for an asset allocation
portfolio.

Using simple yet
effective tactical and
dynamic strategies in a
multi-asset portfolio
context has historically
produced higher risk-
adjusted returns than a
portfolio holding only
U.S. equities or the
classic 60/40
equity/bond portfolio.
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Exhibit 19: Average Monthly Returns in Different Regimes

AVERAGE MONTHLY RETURNS (%)
FIXED INCOME | OCCURRENCE 50/40 Sap
ALLOCATION | (%) D?i‘g DTAQ-0% | DTAQ-40% | EQUITY/ | GLOBAL
BOND BMI
0%-25% 68.20 0.95 0.93 0.64 0.60 0.81
25%-50% 24.42 0.37 0.62 0.45 0.42 0.32
50%-100% 7.37 1.55 -0.91 0.06 0.08 -0.96
AVERAGE MONTHLY RETURNS (%)
CFNAI LEVEL ?/CCURRENCE s&p 60/40 S&P
(%) bTAQ | DTAQ0% | DTAQ-40% | EQUITY/ | GLOBAL
BOND BMI
1 (-1, ») 90.32 0.80 0.84 0.62 0.57 0.69
2(-2, -1] 5.99 1.37 -0.53 0.17 0.06 -0.83
3 (00, -2] 3.69 1.34 -0.32 -0.50 -0.06 -0.44

The DTAQ-0%, DTAQ-40%, and 60/40 equity/bond portfolios are hypothetical portfolios.

Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Data based on
monthly total return in USD. Past performance is no guarantee of future results. Table is provided for
illustrative purposes and reflects hypothetical historical performance. Please see the Performance
Disclosure at the end of this document for more information regarding the inherent limitations associated
with back-tested performance.

In Exhibit 19, the most relevant moments are when the S&P DTAQ moves
away from allocations in normal periods; specifically when fixed income
allocation rises above 50% or when the EAL is at 2 or 3. When fixed
income has a weight of 50% or more in the S&P DTAQ, the index
significantly outperformed the other portfolios.

In fact, compared with the full risk-on DTAQ-0% portfolio, the S&P DTAQ
outperformed by an average of 2.46% on a monthly basis. This highlights
the potential effectiveness of the allocation signals in shifting away from
risky assets into the reserve asset class.

Reviewing performance based on EALs, the S&P DTAQ was able to
produce relatively better average returns in stressed periods (EALs 2 and
3). During periods of EAL 3, returns were negative for all portfolios except
the S&P DTAQ, which produced an average return of 1.34%. These
figures show the usefulness in taking into account the economic cycle when
determining where to allocate across the yield curve.

CONCLUSION

The S&P DTAQ provides a transparent, rules-driven approach for an asset
allocation portfolio. Using simple yet effective tactical and dynamic
strategies in a multi-asset portfolio context has historically produced higher
risk-adjusted returns than a portfolio holding only U.S. equities or the
classic 60/40 equity/bond portfolio. This rules-driven approach removes
the necessity for human judgment in allocations, thereby removing
behavioral biases that may arise in allocation decision-making.
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ENDNOTES

1

For U.S. equities, since the allocations change based on the underlying strategies, the S&P 500
EWI is used as the proxy for the trend and volatility signals.

For the U.S., the S&P United States BMI is used, while the representative indices in Exhibit 1 are
used for the developed and emerging markets regions. This is done to make it an apples-to-apples
comparison for measuring market size.

U.S. equities are represented by the S&P 500, U.S. Treasuries are represented by the S&P 10-
Year U.S. Treasury Note Futures Total Return Index. Real estate, commodities, and gold are
represented by the Dow Jones U.S. Real Estate Index, Dow Jones Commodity Index, and Dow
Jones Commodity Index Gold, respectively, as used in the S&P DTAQ (see Exhibit 1).

Core inflation is the year-over-year change of the seasonally adjusted Consumer Price Index (CPI)
for All Urban Consumers: All Items Less Food and Energy. Unexpected inflation is the Headline
CPI for All Urban Consumers excluding core inflation.

The 60/40 equity/bond hypothetical portfolio is calculated in USD on a total return basis and is
rebalanced annually at the end of the year to reset the asset class weights to 60% equity and 40%
fixed income. The S&P 5-Year U.S. Treasury Note Futures Index was chosen to represent the
fixed income portion, as it was the closest to the historical weighted average maturity of the S&P
DTAQ fixed income allocation.
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APPENDICES
Appendix A: Standard Deviation and 150% Thresholds of Short- and Long-Term Volatilities
DEVELOPED
MEASUREMENT us. EMERGING REAL
MEASUREMENT | \o (S0 EQUITIES EX-US. | “Eq0TiES EsTATE | COMMODITIES GOLD
EQUITIES
Average Volatility ~ 20-Day 17.4 15.1 16.3 20.7 14.9 16.7
(%) 125-Day 18.2 15.8 17.1 21.6 15.3 17.3
Standard 20-Day 11.1 8.7 9.0 20.5 6.5 7.0
Deviation (o) of
Volatility (%) 125-Day 9.8 7.2 7.3 19.2 5.5 5.5
Average Volatility ~ 20-Day 28.4 23.8 25.3 41.3 21.4 23.7
+10(%) 125-Day 28.0 23.0 24.5 40.9 20.8 22.8
150% * Average  20-Day 26.0 22.6 24.5 31.1 22.4 25.0
Volatility (%) 125-Day 27.3 23.7 25.7 32.4 22.9 26.0

Source: S&P Dow Jones Indices LLC. End-of-month calculations data from Dec. 31, 1999, to Dec. 29, 2017. Table is provided for illustrative

purposes.

Appendix B: Historical Regional Equity Target Weights

80
70
60
g 50
5
=
30
20
10
0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
199920002001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 /2011|2012 2013|2014 2015 2016 2017
Emerging 31|25|26|32|38|39 /496389 |74|97 105/ 96|99 8082|7679 88
m Developed Ex-U.S.| 36.5|35.2|33.4|35.0/36.1|38.1|40.0|41.2/41.4|41.1|40.2|38.6|36.7|37.3|36.3|/33.3/33.8/32.5|33.0
uU.S. 454 |47.3|49.0|46.8|45.1|43.0/40.1|37.5/34.7|36.6|35.1|35.9|38.7|37.8|40.7|43.5 43.6 | 44.7  43.2
Source: S&P Dow Jones Indices LLC. End-of-year calculations from Dec. 31, 1999, to Dec. 29, 2017. Chart is provided for illustrative
purposes.
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Appendix C: S&P 500 Sectors Calendar Year Returns

INFOR-

CONSUMER COMMUNI-
YEAR DISCRE- | CONSUMER | oy rpgy | FINAN- | HEALTH | INDUS-| MATION | )\ reRiaL s CATION | UTILITIES

STAPLES CIALS| CARE| TRIALS| TECH-

TIONARY NoLoay SERVICES

2000 -20.0 16.8 15.7 25.7 37.1 59 -40.9 157 -38.8
2001 _ 6.4 -10.4 -8.9 -12.0 5.7 _ 122 -30.4
2002 238 _ 11 -14.6 -18.8 -26.3 _ -34.1 -30.0
2003 37.4 11.6 25.6 31.0 15.1 322 - 7.1 26.3
2004 13.2 8.2 - 10.9 17 18.0 26 13.2 19.9 243
2005 6.4 36 814 6.5 6.5 2.3 1.0 4.4 5.6 16.8
2006 18.6 14.4 24.2 19.2 75 13.3 8.4 186 [ 1368 21.0
2007 -13.2 14.2 - -18.6 7.2 12.0 163 225 11.9 19.4
2008 -335 _ -34.9 -55.3 22.8 -39.9 431 -45.7 -30.5 -29.0
2009 413 14.9 13.8 17.2 19.7 20.9 - 486 8.9 11.9
2010 _ 14.1 205 12.1 2.9 - 10.2 222 19.0 55
2011 6.1 14.0 47 | 471 12.7 -0.6 2.4 08 63 111100
2012 23.9 10.8 a6 [ 288 179 15.3 14.8 15.0 18.3 1.3
2013 _ 26.1 25.1 35.6 _ 28.4 25.6 115 132
2014 9.7 16.0 7.8 152 253 9.8 20.1 6.9 3.0 -
2015 _ 66 211 15 6.9 2.5 5.9 8.4 3.4 4.8
2016 6.0 5.4 - 2238 2.7 18.9 13.8 16.7 235 16.3
2017 23.0 13.5 1.0 222 221 210 388 238 1.3 12.1
ﬁz’;g”a" 6.9 7.6 4.3 8.0 7.0 AT 7.3 0.4 7.6

Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Sector performance based on total return in USD. Table is
provided for illustrative purposes and reflects hypothetical historical performance. Please see the Performance Disclosure at the end of this
document for more information regarding the inherent limitations associated with back-tested performance.

Appendix D1: Contrarian Historical Allocations
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Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999 to Dec. 29, 2017. Chart is provided for illustrative purposes and reflects
hypothetical historical performance. Please see the Performance Disclosure at the end of this document for more information regarding the
inherent limitations associated with back-tested performance.
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Appendix D2: Momentum Historical Allocations
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Source: S&P Dow Jones Indices LLC. Data from Dec. 31, 1999, to Dec. 29, 2017. Chart is provided for illustrative purposes and reflects
hypothetical historical performance. Please see the Performance Disclosure at the end of this document for more information regarding the

inherent limitations associated with back-tested performance.

Given the economic activity (EA,) level and the pre-determined U.S. fixed income allocation
(FI,), the allocation along the yield curve is determined as outlined in Appendix E.

Appendix E: Allocations Within Each EAL

INDEX DESIGNATION ‘ WEIGHT DESIGNATION I FIXED INCOME ALLOCATION (Fly) CONDITION

WEIGHT

EAL 1

2-Year Woayr - Min(FI, 25%)

FI, < 25% 0%
5-Year Wsyr

FI, > 25% Min(Fl, — Wyyp, 50%)
10-Year Wiovr - Flt - WZYR - WSYR
30-Year Waovr -- 0%
EAL 2

FI

FI, < 15% —t
30-Year Waovr 2

FI, > 15% 15%
S5-Year Wsyr - LZ\GOYR)

FI; < 25% 0%
2-Year Woayr FI; — Wgygp — W-

FI, > 25% Min (w,zs%)
10-Year Wiovr - Flg — Woyr — Wayr — Waoyr
EAL 3
30-Year Waovr - Mil’l(F]t, 30%)
5-Year Wsyr - w
10-Year Wiovr - Flt - WSYR - W30YR
2-Year Woyr - 0%

Source: S&P Dow Jones Indices LLC. Table is provided for illustrative purposes.

RESEARCH | Strategy

22



Constructing a Systematic Asset Allocation Strategy

November 2018

Appendix F: S&P DTAQ Hypothetical Fixed-Weight Variants Asset Class Allocations

ASSET CLASS FIXED WEIGHT IN DTAQ-0% (%) FIXED WEIGHT IN DTAQ-40% (%)
U.S. Equities 45 27
Developed Ex-U.S. Equities 30 18
Emerging Equities 10 6
Real Estate 5 3
Commodities 5 3
Gold 5 3
U.S. Treasuries 0 40

Source: S&P Dow Jones Indices LLC. Table is provided for illustrative purposes.
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PERFORMANCE DISCLOSURE

The S&P Emerging BMI was launched December 31, 1997. The Dow Jones U.S. Real Estate Index was launched February 14, 2000. The
Dow Jones Commodity Index was launched October 26, 2011. The Dow Jones Commaodity Index Gold was launched July 1, 2014. The S&P
500 Consumer Discretionary, S&P 500 Consumer Staples, S&P 500 Energy, S&P 500 Financials, S&P 500 Health Care, S&P 500 Industrials,
S&P 500 Information Technology, S&P 500 Materials, S&P 500 Telecommunication Services, and S&P 500 Utilities were launched June 28,
1996. The S&P 500 Equal Weight Index was launched January 8, 2003. The S&P Dynamic Tactical Allocation Index, S&P DTAQ U.S. Equity
Sub-Index, and S&P DTAQ Fixed Income Sub-Index were launched June 14, 2017. The S&P 2-Year U.S. Treasury Note Futures Index, S&P
5-Year U.S. Treasury Note Futures Index, and S&P 10-Year U.S. Treasury Note Futures Index were launched March 28, 2011. The S&P U.S.
Treasury Bond Futures Index was launched March 28, 2011. All information presented prior to an index’s Launch Date is hypothetical (back-
tested), not actual performance. The back-test calculations are based on the same methodology that was in effect on the index Launch Date.
However, when creating back-tested history for periods of market anomalies or other periods that do not reflect the general current market
environment, index methodology rules may be relaxed to capture a large enough universe of securities to simulate the target market the index
is designed to measure or strategy the index is designed to capture. For example, market capitalization and liquidity thresholds may be
reduced. Complete index methodology details are available at www.spdji.com. Past performance of the Index is not an indication of future
results. Prospective application of the methodology used to construct the Index may not result in performance commensurate with the back-
test returns shown.

S&P Dow Jones Indices defines various dates to assist our clients in providing transparency. The First Value Date is the first day for which
there is a calculated value (either live or back-tested) for a given index. The Base Date is the date at which the Index is set at a fixed value for
calculation purposes. The Launch Date designates the date upon which the values of an index are first considered live: index values provided
for any date or time period prior to the index’s Launch Date are considered back-tested. S&P Dow Jones Indices defines the Launch Date as
the date by which the values of an index are known to have been released to the public, for example via the company’s public website or its
datafeed to external parties. For Dow Jones-branded indices introduced prior to May 31, 2013, the Launch Date (which prior to May 31, 2013,
was termed “Date of introduction”) is set at a date upon which no further changes were permitted to be made to the index methodology, but
that may have been prior to the Index’s public release date.

The back-test period does not necessarily correspond to the entire available history of the Index. Please refer to the methodology paper for the
Index, available at www.spdji.com for more details about the index, including the manner in which it is rebalanced, the timing of such
rebalancing, criteria for additions and deletions, as well as all index calculations.

Another limitation of using back-tested information is that the back-tested calculation is generally prepared with the benefit of hindsight. Back-
tested information reflects the application of the index methodology and selection of index constituents in hindsight. No hypothetical record can
completely account for the impact of financial risk in actual trading. For example, there are numerous factors related to the equities, fixed
income, or commodities markets in general which cannot be, and have not been accounted for in the preparation of the index information set
forth, all of which can affect actual performance.

The Index returns shown do not represent the results of actual trading of investable assets/securities. S&P Dow Jones Indices LLC maintains
the Index and calculates the Index levels and performance shown or discussed, but does not manage actual assets. Index returns do not
reflect payment of any sales charges or fees an investor may pay to purchase the securities underlying the Index or investment funds that are
intended to track the performance of the Index. The imposition of these fees and charges would cause actual and back-tested performance of
the securities/fund to be lower than the Index performance shown. As a simple example, if an index returned 10% on a US $100,000
investment for a 12-month period (or US $10,000) and an actual asset-based fee of 1.5% was imposed at the end of the period on the
investment plus accrued interest (or US $1,650), the net return would be 8.35% (or US $8,350) for the year. Over a three year period, an
annual 1.5% fee taken at year end with an assumed 10% return per year would result in a cumulative gross return of 33.10%, a total fee of US
$5,375, and a cumulative net return of 27.2% (or US $27,200).
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GENERAL DISCLAIMER

Copyright © 2018 by S&P Dow Jones Indices LLC. All rights reserved. Standard & Poor's ®, S&P 500 ® and S&P ® are registered trademarks
of Standard & Poor’s Financial Services LLC (“S&P”), a subsidiary of S&P Global. Dow Jones ® is a registered trademark of Dow Jones
Trademark Holdings LLC (“Dow Jones”). Trademarks have been licensed to S&P Dow Jones Indices LLC. Redistribution, reproduction and/or
photocopying in whole or in part are prohibited without written permission. This document does not constitute an offer of services in
jurisdictions where S&P Dow Jones Indices LLC, Dow Jones, S&P or their respective affiliates (collectively “S&P Dow Jones Indices”) do not
have the necessary licenses. All information provided by S&P Dow Jones Indices is impersonal and not tailored to the needs of any person,
entity or group of persons. S&P Dow Jones Indices receives compensation in connection with licensing its indices to third parties. Past
performance of an index is not a guarantee of future results.

It is not possible to invest directly in an index. Exposure to an asset class represented by an index is available through investable instruments
based on that index. S&P Dow Jones Indices does not sponsor, endorse, sell, promote or manage any investment fund or other investment
vehicle that is offered by third parties and that seeks to provide an investment return based on the performance of any index. S&P Dow Jones
Indices makes no assurance that investment products based on the index will accurately track index performance or provide positive
investment returns. S&P Dow Jones Indices LLC is not an investment advisor, and S&P Dow Jones Indices makes no representation
regarding the advisability of investing in any such investment fund or other investment vehicle. A decision to invest in any such investment
fund or other investment vehicle should not be made in reliance on any of the statements set forth in this document. Prospective investors are
advised to make an investment in any such fund or other vehicle only after carefully considering the risks associated with investing in such
funds, as detailed in an offering memorandum or similar document that is prepared by or on behalf of the issuer of the investment fund or
other vehicle. Inclusion of a security within an index is hot a recommendation by S&P Dow Jones Indices to buy, sell, or hold such security,
nor is it considered to be investment advice. Closing prices for S&P Dow Jones Indices’ US benchmark indices are calculated by S&P Dow
Jones Indices based on the closing price of the individual constituents of the index as set by their primary exchange. Closing prices are
received by S&P Dow Jones Indices from one of its third party vendors and verified by comparing them with prices from an alternative vendor.
The vendors receive the closing price from the primary exchanges. Real-time intraday prices are calculated similarly without a second
verification.

These materials have been prepared solely for informational purposes based upon information generally available to the public and from
sources believed to be reliable. No content contained in these materials (including index data, ratings, credit-related analyses and data,
research, valuations, model, software or other application or output therefrom) or any part thereof (Content) may be modified, reverse-
engineered, reproduced or distributed in any form or by any means, or stored in a database or retrieval system, without the prior written
permission of S&P Dow Jones Indices. The Content shall not be used for any unlawful or unauthorized purposes. S&P Dow Jones Indices and
its third-party data providers and licensors (collectively “S&P Dow Jones Indices Parties”) do not guarantee the accuracy, completeness,
timeliness or availability of the Content. S&P Dow Jones Indices Parties are not responsible for any errors or omissions, regardless of the
cause, for the results obtained from the use of the Content. THE CONTENT IS PROVIDED ON AN “AS IS” BASIS. S&P DOW JONES
INDICES PARTIES DISCLAIM ANY AND ALL EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, ANY
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR USE, FREEDOM FROM BUGS, SOFTWARE
ERRORS OR DEFECTS, THAT THE CONTENT’'S FUNCTIONING WILL BE UNINTERRUPTED OR THAT THE CONTENT WILL OPERATE
WITH ANY SOFTWARE OR HARDWARE CONFIGURATION. In no event shall S&P Dow Jones Indices Parties be liable to any party for any
direct, indirect, incidental, exemplary, compensatory, punitive, special or consequential damages, costs, expenses, legal fees, or losses
(including, without limitation, lost income or lost profits and opportunity costs) in connection with any use of the Content even if advised of the
possibility of such damages.

S&P Dow Jones Indices keeps certain activities of its business units separate from each other in order to preserve the independence and
objectivity of their respective activities. As a result, certain business units of S&P Dow Jones Indices may have information that is not available
to other business units. S&P Dow Jones Indices has established policies and procedures to maintain the confidentiality of certain non-public
information received in connection with each analytical process.

In addition, S&P Dow Jones Indices provides a wide range of services to, or relating to, many organizations, including issuers of securities,

investment advisers, broker-dealers, investment banks, other financial institutions and financial intermediaries, and accordingly may receive
fees or other economic benefits from those organizations, including organizations whose securities or services they may recommend, rate,

include in model portfolios, evaluate or otherwise address.

The Global Industry Classification Standard (GICS®) was developed by and is the exclusive property and a trademark of S&P and MSCI.
Neither MSCI, S&P nor any other party involved in making or compiling any GICS classifications makes any express or implied warranties or
representations with respect to such standard or classification (or the results to be obtained by the use thereof), and all such parties hereby
expressly disclaim all warranties of originality, accuracy, completeness, merchantability or fitness for a particular purpose with respect to any
of such standard or classification. Without limiting any of the foregoing, in no event shall MSCI, S&P, any of their affiliates or any third party
involved in making or compiling any GICS classifications have any liability for any direct, indirect, special, punitive, consequential or any other
damages (including lost profits) even if notified of the possibility of such damages.
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