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Would This Make an Equity Investor Happy?
• The Investor’s primary goal was to earn the US Market Risk Premium, but they also
hoped to outperform their benchmark, the S&P 500 . .
• Over 15 years, from January 2007 to December 2021, their fund had :
• An average Excess Return of +64 bps p.a. over the S&P 500 (TR), after fees & costs
• A realised Total Risk slightly lower than the S&P 500 (TR) index
• A realised Tracking Error of 1.69%, holding the same set of stocks as the S&P 500
• Average Turnover of 6.2% p.a. (N.B. Turnover of the S&P 500 itself is around 3% p.a.)

• Their fund had the Same stocks, Different weights, Better performance.
• What if this was produced by a Rules-Based System, that had no need of analyst
forecasts or stock selection? Or, indeed, portfolio managers?!
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Portfolio Theory Background
• The logic of Modern Portfolio Theory (MPT) and the Capital Asset Pricing
Model (CAPM) leads directly to the conclusion that the ‘Market Portfolio’
should be an efficient portfolio (in the Markowitz sense).
• This does assume, of course, that all stocks are fairly priced, and that all
have the same risk-adjusted Expected Return (among other assumptions).
• In this context, the only kind of risk that matters is CAPM systematic risk,
as represented by each stock’s Beta to the US Market, as all other risk can
(potentially) be diversified.
• Some of these theoretical conclusions have become embedded in common
practice among active portfolio managers, even though MPT also strongly
suggests that they are wasting their time even trying to beat the Market!
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How Should We Think About the S&P 500?
• The S&P 500 (TR) index is one obvious proxy for the Market Portfolio.
• It is probably the most commonly-used US equity benchmark, and is also
used to create the most popular ETF, known as the SPDR.
• We can think of the SPDR as a capitalisation-weighted factor ETF, intended
to capture the Market Risk Premium. However, cap-weighted factor ETFs
do not usually do a good job of capturing a targeted factor premium.
• See “The Effects of Portfolio Construction on the Performance of
Style Factor ETFs, or How to Build a Style Factor ETF that does what it
says on the tin” Jason MacQueen, Journal of Portfolio Management,
Quantitative Special Issue, January 2020.
• This purpose of this talk is to show that the S&P 500 index, like any other
capitalisation-weighted index, is not an efficient portfolio, and that it can
therefore be beaten by a Rules-Based System.
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Rules-Based Portfolio Construction
• Efficient Portfolio Construction is a very hard problem:
• It’s an N-dimensional problem in quadratic space (where N = the number of assets)
• Client Mandated Constraints make the problem even harder, so . .
• Heuristic methods (such as equal-weighting, capitalisation-weighting, risk parity, etc.)
become very attractive, and are widely used by active managers, and for many ETFs.

• There is a powerful theoretical solution (Markowitz Optimisation), but:
• It is not trusted, as it frequently gives counter-intuitive results,
• It is notoriously sensitive to small changes in the inputs, and
• It typically requires very high turnover, so . .
• Portfolio Managers often feel obliged to impose arbitrary ‘risk control’ constraints

• We need a Rules-Based System which combines Markowitz mathematics
with the intuition of an experienced Portfolio Manager or Investor
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SPS Rules-Based Portfolio Construction
• The SPS Rules-Based System for Portfolio Construction & Rebalancing :
• Deals with very high data volumes and the complexity of the calculations
• Reduces the vast number of possible solutions in Return/Risk space down to a
manageable number of better portfolios for the Investor to choose from.
• This choice can be based on the Expected Return, Risk, or any number of portfolio
criteria, such as Style tilts, Sector weights or the holding sizes of individual stocks.
• Alternatively, a set of pre-specified Rules can be used to select a rebalanced portfolio.

• In finding better portfolios, the SPS Rules-Based System :
• Recognises that both Expected Returns and Risks will have estimation errors
• Takes into account the confidence in Stock Selection skill or Return Forecasting ability
• Ensures that it trades only on signal, not on noise
• Recognises that the current portfolio’s holdings contain useful information.
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SPS System Methodology - 1
• To capture the Market Risk Premium using portfolio optimisation, we need
a set of Expected Returns, and a risk model with a US Market factor.
• Following the CAPM, the Expected Returns will be the Beta of each stock
to the US Market factor, multiplied by the Expected Market Risk Premium.
• We use 6% p.a. as an estimate of the Market Risk Premium. (Any positive
value will give the same portfolios on an efficient frontier, of course).
• The goal here is simply to ensure that the portfolio return reflects the
CAPM Expected Returns more accurately than it does when the holdings
are weighted by market capitalisation.

7

SPS System Methodology - 2
• Using the current holdings, Expected Returns and risks, the System derives
the Implied Returns that make the existing portfolio Markowitz efficient.
These are then compared to the corresponding Expected Returns.
• In an efficient portfolio, of course, the Expected and Implied Returns
would be equal. If they are not, the portfolio – or holding – is inefficient.
• The rebalancing algorithm focuses on trading the most inefficient holdings,
which ensures that the rebalanced portfolios will have the biggest possible
improvement in portfolio efficiency for the least amount of turnover.
• In all the SPS rebalanced portfolios, the Implied Returns will be closer to
the Expected Returns, thereby ensuring that the portfolio’s performance
will be a more accurate reflection of the Expected Returns.
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Investment Strategy Parameters - 1
• The four Rules-Based Strategies presented in this talk all started with the
S&P 500 on 3rd January 2007, and ran for 15 years, to 31st December 2021.
• Dividends and capital changes are accrued on a daily basis, and any
accrued Cash is reinvested each time the portfolio is rebalanced.
• The primary goal is to rebalance the portfolio so it has higher exposure to
the US Market factor (i.e. it has more of the deliberate bet), and lower
exposure to unintended bets than the capitalisation-weighted S&P 500.
• A secondary goal is to get higher return, but without higher risk. Hence, at
each rebalance, one of the System rules is to select a lower risk portfolio.
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Investment Strategy Parameters - 2
REBALANCING FREQUENCY
• The portfolio is rebalanced every 8 weeks. (We don’t like rebalancing at
month-end or quarter–end, as there is often too much crowding then.)
TRANSACTION COSTS
• We imposed estimated transaction costs of 15bps for both Buys and Sells.
• {Note that the turnover of the S&P 500 itself is around 3% p.a.}
MANAGEMENT FEES
• We charged an annual management fee of 8bps, payable as 2bps on the
AUM at the end of each calendar quarter.
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Investment Strategy Parameters - 3
BETA to BENCHMARK
The portfolio’s Beta to Benchmark is constrained to be between 0.99 and
1.02 at each rebalance, so that it is close to that of the S&P 500, which
always has a beta of 1.00 to itself, of course.
HOLDING SIZE CONSTRAINTS
Strategy Version

Minimum

Maximum

Strategy 1

50% of S&P 500 weight

150% of S&P 500 weight

Strategy 2

20% of S&P 500 weight

200% of S&P 500 weight

Strategy 3

10% of S&P 500 weight

300% of S&P 500 weight

Strategy 4

0%
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300% of S&P 500 weight

Some Observations
It is important to be clear about what the System is (and is not) doing :
• It is NOT trying to turn the S&P 500 into a Markowitz-efficient portfolio.
Rather, it is just trying to make it a bit more efficient at capturing the
Market Risk Premium than it is while capitalisation-weighted.
• Investors don’t want a lot of turnover, and, for this fund, also don’t want to
have a portfolio risk higher than the S&P 500 itself. Given these goals, the
portfolio is unlikely to have a high Tracking Error against the S&P 500.
• Most importantly, a Performance Attribution should show that more return is
coming from the US Market factor, with less coming from other sources, so
that the portfolio will have done a better (more efficient) job of capturing
the Market Risk Premium than the capitalisation-weighted index.
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Absolute and Relative Performance
• The next two tables show the realised Absolute Return and Risk for the
four Strategies, together with that of the S&P 500 (TR) index itself, and
then show the corresponding Excess Return and Tracking Error results.
• All the Return and Risk figures are annualised averages over the 15 years.
• We give the Sharpe Ratio for each Strategy (using a zero risk-free rate)
and the Information Ratio, in the case of the Relative Returns and Risks.
• On the first (Absolute Return) table, we also give the Beta to Benchmark
for each Strategy, which confirms that they are all very close to 1.00.
• On the second (Relative Return) table, we also give the Jensen’s Alpha,
or risk-adjusted excess return, again assuming a zero risk-free rate.
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Absolute Performance (Annualised)
ABSOLUTE

Total

Realised

Sharpe

Beta to

PERFORMANCE

Return

Risk

Ratio

S&P 500 (TR)

S&P 500 (TR)

10.13%

15.51%

0.654

1.000

Strategy 1
Strategy 2

10.55%

15.42%

0.684

0.992

10.64%

15.44%

0.689

0.992

Strategy 3

10.78%

15.48%

0.696

0.992

Strategy 4

11.21%

15.47%

0.724

0.990

. . but Risks
are about the
same or lower

Returns are
higher . . .
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Relative Performance (Annualised)
RELATIVE

Excess

Tracking

Information

Jensen's

PERFORMANCE

Return

Error

Ratio

Alpha

S&P 500 (TR)

0.00%

0.00%

N/A

0.000

Strategy 1

0.42%

1.08%

0.388

0.50%

Strategy 2

0.50%

1.42%

0.356

0.59%

Strategy 3

0.64%

1.69%

0.382

0.72%

Strategy 4

1.07%

1.92%

0.558

1.17%
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Cumulative and Annual Outperformance
• The following line chart shows the Cumulative Outperformance of all four
Strategies over the 15-year period.
• Remember that the first three all hold the same stocks as the S&P 500,
while the fourth (dark blue) only holds an average of 355 stocks.
• The annual average turnover was always between 5% p.a. and 7% p.a.
• The following bar chart shows the Annual Outperformance by each
calendar year, from 2007 to 2021.
• The results obviously depend on the start date and the various parameter
values in each case. Nonetheless, it is clear that this Rules-Based System
can improve the return of the S&P 500 without increasing its risk.
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Cumulative Outperformance
Strategy 1

Strategy 2

Strategy 3

Strategy 4

20%

15%

10%

5%

Since the turnover is so
low, it takes a while for
the Strategies’ better
performance to show.
However, the management
fees and transaction costs
are being paid throughout
the 15-year period.

0%

-5%
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Annual Outperformance

Strategy 1

Strategy 2

Strategy 3

Strategy 4

3%

2%

The performance in
the first four years is
not representative.

1%

0%

From the fifth year on, the
portfolio is sufficiently
different from capitalisation
weights to have different
performance

-1%

-2%

2007

2008

2009

2010

2011

2012

2013

2014
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2015

2016

2017

2018

2019

2020

2021

Performance Attribution Analyses
• The proper test of whether the Rules-based System has done a better
job of capturing the Market Risk Premium is to run a Performance
Attribution analysis of each Strategy, to see if more of their return is
coming from exposure to the US Market factor (the deliberate bet),
and less from other sources (the unintended bets).
• The next two tables show these Performance Attribution analyses,
together with a corresponding analysis of the S&P 500.
• While they do show very clearly that more return is, indeed, coming
from exposure to the US Market factor, they also show that the
Industry factor exposure in the S&P 500 is hurting performance, so by
reducing that, the portfolios gain another significant boost to return.
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All Strategies - Performance Attribution*
Performance
Attribution

S&P 500 (TR)
Return

Strategy 1

Strategy 2

Strategy 3

Strategy 4

Currency Return

-0.06%

-0.05%

-0.02%

0.03%

0.05%

Market Return

10.35%

10.67%

10.81%

11.07%

11.09%

Industry Return

-0.27%

-0.04%

0.04%

0.01%

0.15%

Statistical Return

-0.19%

-0.18%

-0.16%

-0.17%

-0.14%

Factor Return

9.83%

10.40%

10.67%

10.95%

11.15%

Portfolio Alpha

0.20%

0.09%

-0.10%

-0.27%

-0.04%

Portfolio Total Return

10.03%

10.49%

10.57%

10.68%

11.11%

* These returns are slightly different, as they are based on 4-week returns rather than monthly returns.
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Outperformance
from higher
Market returns
Outperformance
from reducing
unintended bets
on Industries

All Strategies - Outperformance Attribution*
Outperformance
Attribution

S&P 500 (TR)
Return

Strategy 1

Strategy 2

Strategy 3

Strategy 4

Currency Return

0.00%

0.01%

0.04%

0.09%

0.11%

Market Return

0.00%

0.32%

0.46%

0.72%

0.73%

Industry Return

0.00%

0.23%

0.31%

0.28%

0.42%

Statistical Return

0.00%

0.02%

0.03%

0.02%

0.05%

Factor Return

0.00%

0.57%

0.84%

1.12%

1.32%

Portfolio Alpha

0.00%

-0.11%

-0.30%

-0.47%

-0.24%

Portfolio Total Return

0.00%

0.46%

0.54%

0.65%

1.07%

* These returns are slightly different, as they are based on 4-week returns rather than monthly returns.
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Outperformance
from higher
Market returns
Outperformance
from reducing
unintended bets
on Industries

Performance Attribution Comments - 1
• The exposures of the four Strategy portfolios and the S&P 500 to the
US Market factor always contributes most of their return. However, the
four Strategies all have a slightly higher exposure to the US Market factor
than the S&P 500, hence contributing to their outperformance.
• The Statistical factors capture any systematic risk not picked up by the
defined factors, but do not materially contribute to the outperformance.
Currency factors also contribute little to the portfolios’ outperformance.
• We also looked at the Style exposures of the four Strategies compared to
the S&P 500, and found that they were all a bit more exposed to Quality
and a bit less to Value and Dividend Yield. However, the net effect on the
relative performance was always less that 5 bps p.a.
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Performance Attribution Comments - 2
• Note that the Industry factors reduce the S&P 500 return by -0.27% p.a.
• One reason for the inefficiency of any capitalisation-weighted portfolio is
Alan Greenspan’s ‘irrational exuberance’, which often manifests itself by
particular industries dominating the index portfolio for a while.
• The Energy, Financial and Technology industries have all had their turn at
dominating the S&P 500 in the last 15 years.
• In addition, sometimes individual stocks get run up (and not just ‘meme’
stocks), as investors latch on to some compelling story – think Tesla!
• Reducing the portfolios’ overall exposure to Industries therefore makes
another significant contribution to the four Strategies’ outperformance.
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Marketing Considerations
• In marketing terms, these Strategies are similar to Enhanced Index funds,
with reasonably consistent outperformance, and low Tracking Errors.
• Strategies 1, 2 and 3 have a very simple story relative to the S&P 500 :

“Same stocks, Different weights, Better performance.”
• Strategy 4 has even better performance, but only holds around 355 of the
constituents of the S&P 500, so it has a slightly more complex story.
• Note that the SPS Rules-Based System underlying these results can be
applied to any market capitalisation-weighted index or portfolio. The
same logic about inefficiency applies, so one would expect similar results.
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How We Work
• It is worth stressing that the SPS Rules-Based System for portfolio
construction and rebalancing is not a black box.
• The full details of the rebalancing algorithm, and the underlying
mathematical derivations, are available to our partners and clients.
• SPS Consulting is a Quant Consulting firm, not an RIA or a fund manager.
• We are happy to work with any Portfolio Managers or Investors interested
in launching a fund similar to those described in this presentation.
• Alternatively, we are happy to use our Rules-Based System to ensure that
any actively-managed portfolio’s performance is as accurate a reflection
of the manager’s skill as possible.
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Conclusions
• The most important point to understand is that the SPS Rules-Based System
is not adding anything new to the performance of the Portfolio. The excess
return, which we call Risk Alpha, was potentially there all along, in the
form of the Investor’s deliberate bet on the Market Risk Premium.
• By reducing some of the more significant unintended Industry bets in the
capitalisation-weighted portfolio, the SPS Rules-Based System ensured that
the portfolios’ performance became a more accurate reflection of this bet.
• These SPS Strategies all had higher betas to the US Market factor, (thereby
making a bigger deliberate bet), but did so without increasing portfolio risk.
• Active investment strategies should always ensure that the portfolio’s
performance is as accurate a reflection of the Investor’s views as possible.
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Quant Notes – Return and Risk Units
• All our return and risk calculations are done in natural log terms, which
are much closer to being normally distributed than percentage returns.
• In percentage terms, all the positive log return and risk numbers would be
slightly higher, and any negative return numbers would be slightly lower.
• Thus, a stock going from $100 down to $50, and then back up to $100, is
reported as a -50% return, followed by a +100% return in percent terms,
but becomes -69.3 + 69.3 = 0 in natural log terms.
• Our custom risk model uses 80 4-week returns, rather than the usual 60
calendar month returns. This ensures that the returns are all over the
same unit of time (whereas some months are longer than others), and also
ensures that the returns are a random sample rather than being heavily
influenced by end-of-month, end-of-quarter and end-of-year effects.
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Quant Notes – XRD Risk Models
• Most risk models are SRD (single reference day) models, meaning they are
estimated from a single set of historic data, such as 60 monthly returns.
• Any such sample will have some idiosyncrasies in the data, and these will
have some unquantifiable effect on the estimation error in the risk model.
• In order to minimise such distortions, SPS builds XRD (cross reference day)
risk models, meaning that we estimate four SRD models on different sets
of 4-weekly returns, staggered one week apart, and then average the
results (with statistical-based reality checks) to obtain the final model.
• This XRD process gives a more stable risk model, diversifies away some of
the idiosyncratic effects from each sample of returns, and gives more
accurate portfolio risk forecasts. Note that it can also be updated weekly.
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Quant Notes – This Custom XRD Risk Model
• The custom XRD risk model built for this project has six currency factors,
(AUD, CAD, EUR, GBP, JPY & CHF), to capture the foreign currency risk of
ADRs and US multinationals.
• The Market factor is the top 3,000 US stocks, weighted by Market
Capitalisation. It is conceptually similar to the Russell 3000 index.
• There are 20 GICS Industry factors from January 2007 to September 2018,
when GICS added the Media & Entertainment Industry, so from October
2018 to December 2021 there are 21 Industry factors.
• The Performance Attribution is based on 4-week factor returns, which is
why the results are slightly different from the calendar year results, which
are based on calendar monthly returns.
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SPS for Active Managers & Asset Allocators
• While most active portfolio managers know perfectly well that the tenets
of Modern Portfolio Theory (as outlined on slide 3) don’t actually hold in
practice, many still follow some of its conclusions.
• For example, optimising against a capitalisation–weighted benchmark is
likely to ensure that some of the benchmark’s unintended bets are
embedded in the portfolio, thereby making it more difficult for a
Manager’s skill to show up in the Portfolio’s performance.
• The SPS Rules-Based System can help both active equity managers and
fund-of-funds asset allocators improve their performance, by maximising
their deliberate bets and minimising any unintended bets.
• This will ensure that their performance then reflects their stock selection
skill or asset return forecasts as accurately as possible.
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S&P 500 (TR) Performance 2007 to 2021
S&P 500 (TR)
10,000

1,000
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