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Introduction

In the wake of the global financial crisis, minimum variance equity strategies quickly gained traction by
capturing the attention of a risk-aware and risk-averse investment community. But minimum variance
portfolios (MVPs), sometimes referred to as minimum volatility portfolios, offer much more than just an
efficient way to lower portfolio volatility. For a growing number of investors, MVPs are now seen as
delivering the "best of all worlds": low risk, low drawdowns and strong returns.

While the popularity of these strategies has been markedly more pronounced in recent years, it should be
recognized that minimum variance has been in the market for decades. The theory from which the
strategy derives its legitimacy is Harry Markowitz's seminal work published in 1952, which was recognized
by the Nobel Prize committee in 1990. The practical importance of low volatility has been championed by
R. Haugen and A. J. Heins® since the mid-1970s, when it started to challenge the generally accepted
paradigm of the Efficient Market Hypothesis of E. Fama.’

Despite extensive academic research supporting the use of minimum variance, adoption of this strategy
is still in the beginning stages. Important practical questions must be answered to provide clarity in the
industry. With the focus on reduction of risk, it is natural to assume that there is a return trade off;
however there is much academic research and increasing empirical evidence that a minimum variance
portfolio provides strong historical total returns and Sharpe ratios. This evidence has seen the MVP
become much more commonplace across the marketplace, with momentum growing among
institutional investors, mutual funds and ETF sponsors.

STOXX has partnered with Axioma to create innovative minimum variance indices that start with a
representative STOXX equity index and use Axioma's multi-factor risk models to estimate a covariance
matrix and the Axioma optimization tool to construct the optimal minimum variance index.

Since this paper provides an introduction to the STOXX Minimum Variance Indices, we aim fo achieve
three things:

i) give an overview of minimum variance investing

i) explain the methodology for the construction and maintenance of the STOXX Minimum
Variance Indices, highlighting the unique approach for the index series

iii) discuss how investors can make use of the minimum variance concept

! Markowitz, H. (1952), "Portfolio Selection”, The Journal of Finance, Vol. 7, No. 1 (Mar., 1952), pp. 77-91.

2 Haugen, R. A,; Heins, A. J. (1972), "On the Evidence Supporting the Existence of Risk Premiums in the Capital Market", University of Wisconsin-
Madiison.

3 E. F. Fama, (1965) "The Behavior of Stock-Market Prices” Journal of Business (January, 1965).
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1 Overview of minimum variance investing

As mentioned above, the theoretical MVP has been widely known since the seminal paper by Harry
Markowitz was published in 1952. In diagrammatic terms, the MVP is found at the very left tip of a mean-
variance efficient frontier of feasible portfolios, as shown in Figure 1.

FIGURE 1: EFFICIENT FRONTIER OF FEASIBLE PORTFOLIOS.
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No expected returns are used in the construction of MVPs; the portfolio relies on the covariance matrix to
construct an optimal portfolio by minimizing portfolio variance. Using individual asset volatilities and
multi-asset correlations, the MVP identifies a composition with the lowest possible variance (or
equivalently volatility). At that point, all assets in the optimal portfolio have the same marginal
contribution to the total predicted risk of the portfolio and their returns are irrelevant for the estimation.

Any portfolio on the efficient frontier has an optimal risk-return ratio. No other portfolio can have a higher
return for the same level of risk, or a lower risk for the same return. Therefore, any portfolio that is not on
the efficient frontier is dominated by a superior portfolio on the frontier. Of all portfolios, the MVP is the
only one on the efficient frontier that does not rely on the estimation of asset returns, which is difficult to
do with any reliability.
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Although no expected returns are needed to create MVPs, there are three important inputs that are
needed:

i) a forecast of variances and covariances
i) an optimization engine
iii) a set of constraints that ensures the portfolio is reasonably investable

More details of the approach taken can be found in the next section.

The performance characteristics of the MVP can be seen in the chart below:

FIGURE 2: ANNUAL RETURNS OF THE STOXX GLOBAL MINIMUM VARIANCE INDICES.
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Source: STOXX data from Jan. 2, 2003 to Jul. 29, 2016 for USD Net Return versions

Although MVPs generally outperform market portfolios with lower risk in the long run, over the short term,
relative performance is somewhat dependent on market conditions. The asymmetric response of the
MVPs to market movements point to their ability to provide a level of downside protection.

It is commonly thought that MVPs outperform in bear markets and underperform in bull markets. As can
be seen from Figure 2, this need not be the case. Over the last 14 years, the STOXX Global 1800
Minimum Variance Unconstrained Index has outperformed the benchmark during the three negative
years (by an annual average of 14%) and six out of the eleven positive years, while having about the same
average annual return of 16% over these eleven positive years.
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2 Characteristics of a minimum variance portfolio (MVP)

There is a common misconception that minimum variance indices are just another "smart beta” product,
but we would argue differently. Most indices can be used as building blocks as part of a greater portfolio
and need to be used as such, being unsuitable for standalone allocations. MVPs, on the other hand
provide investors with a fully-fledged portfolio management strategy that consistently gives the optimal
allocation in order to reduce risk. This involves dynamically rotating around stock, industry, geographical
and factor allocations, taking info account current market information in order to always hold the
portfolio with minimum risk.

Importantly, minimum variance does not equate to a simple allocation to the low volatility factor, which
would be represented by a portfolio with long low volatility stocks and short high volatility stocks. The
dynamic allocation and the incorporation of correlation risk makes minimum variance a much more
reliable portfolio management strategy.

MVPs take on certain biases when compared with the market capitalization weighted portfolio. The latter
can be considered to be a large-cap biased strategy, which also leads to its own bias toward factors
related to large size, such as high liquidity and low leverage and of course large size. Looking at active
exposure of the MVP (exposure of MVP minus exposure of the benchmark), we logically find inverse
allocation to size, liquidity and leverage, as seen in Figure 3. It is debatable whether MVPs under-allocate
to size and liquidity and over-allocate to leverage, or whether they simply reduce the built-in biases of the
benchmark with respect to these factors. There is also extensive research showing that liquidity fends to
be a premium that investors pay” for and causes portfolios to underperform in the long run.

Reassuringly, there is a consistent large negative allocation to volatility, which is targeted by the concept.

4 Bekaert G., Harvey C. R., Lundblad C. (2003): “Liquiditiy and Expected Returns: Lessons from Emerging Markets”, Duke University.
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FIGURE 3: ACTIVE EXPOSURES TO STYLE FACTORS OF THE STOXX GLOBAL 1800 MINIMUM VARIANCE UNCONSTRAINED RELATIVE TO THE
STOXX GLOBAL 1800.
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Note: cumulative factor exposures of a strategy relative to a benchmark do not generally add to zero as it is measured in ferms of risk allocation..
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3 Why minimum variance portfolios provide better risk-adjusted returns

MVPs tend to strongly outperform market capitalization weighted portfolios while reducing risk in the long
term. In order to trust that this tfrend will continue and is not just a stroke of luck, it is important to
understand the fundamental reasons for this behavior, especially as it contradicts the popular belief that
more risk will lead to more returns, as per the CAPM.”

First and foremost, we clarify that this behavior is not completely contradictory to the CAPM, as the
market capitalization weighted index is not necessarily the "market portfolio”. More work would be
needed to show this in detail but that is not the focus here. Therefore market capitalization weighted
portfolios take on some diversifiable risk which is not remunerated by any risk premium. MVPs, in theory,
do not take on these risks and so benefit from lower risk while not reducing returns. However, this alone
does not explain outperformance.

The low volatility anomaly has been defined as “among the many candidates for the greatest anomaly in
finance™, and many papers have been written attempting to explain the phenomenon. While it is unclear
if a 'smoking gun' has been discovered to explain the anomaly, there are many potential reasons that
have been extensively discussed:

i) Delegated portfolio management (agency pricing)
Because of the way the asset management industry is laid out, portfolio managers often
have a greater utility from profit than from loss, for example, through the application of
performance fees. Therefore volatile stocks are often sought out in pursuit of greater profits
while somewhat neglecting the downside risk. This can lead o an overpricing of volatile
assets, which causes underperformance and hence outperformance of less volatile assefts.

i) Leverage aversion
Many investors are not able to employ leverage. This can lead them fo take on higher risk
securities in order to achieve target returns. This effect also leads to overpricing of volatile
stocks.

iiii) Tracking error focus
As managers continue to focus on tracking error as a key measurement of success, any
asset that takes them away from the benchmark becomes high risk. Therefore, low risk
becomes high risk and managers avoid low risk assets, leading to their underpricing as well
as crowding in specific assets. This crowding effect not only increases the pricing risk of
these assets but also increases their correlation.

iv) Get rich quick
Investors looking for quick returns flock to buy the most volatile assets, leading to overpricing
- otherwise known as the 'lottery ficket effect'.

° Sharpe, William F. (1964). “Capital Asset Prices: A Theory of Market Equilibrium under Conditions of Risk”. Journal of Finance. 19:3, pp. 425-
2142,

Baker M., Bradley B., Wurgler J. (2011). "Benchmarks as Limits to Arbitrage: Understanding the Low-Volatility Anomaly”. Financial Analyst
Journal.
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v) The winner's curse/jumping on the bandwagon
As certain assets achieve exceptional returns, they often get more attention, especially when
these returns are quick and thus volatile. This gain in attention often increases these assets'
volatility even further as more investors trade them. Investors, seeing a good performance,
sometimes jump on the bandwagon to benefit from a potential upside, often neglecting
intrinsic values. This leads fo the overpricing of increased volatility stocks.

vi) Neglect
Many high profile stocks garner media attention, while some of the more ‘boring’ assets are
overlooked. These higher profile stocks tend to be more volatile as many investors trade
them more often than necessary. This is another link between high volatility and overpricing.

vii) Expectations and its risk implications
Companies with higher expectations will most likely have higher volatility as investor response
to results will be more severe. The higher the expectations, the higher the chance of investor
disappointment.

These behaviours describe how there tends o be a strong relationship between volatility and overpricing,
and furthermore explain some of the reasons for risky assets to be more highly correlated with each
other.

MVPs seek to minimize risk. Therefore they will tend to go for lower volatility assets, while reducing
allocation to those assets that are highly correlated. In doing this, MVPs select assets that may be
underpriced. As this underpricing is reduced and the components become more volatile and correlated to
other assets, their weight is reduced in the MVP and may even be phased out. In this process, the MVP
can achieve and historically has achieved outperformance.

When looking at some of the proposed reasons why the MVP outperforms, one observes that the current
structure of the market and some fairly fundamental human instincts are behind the success of this
strategy. Delegated mandates, tracking error and leverage aversion are unlikely to disappear from the
market any time soon. Investor behaviours such as neglect, ‘get rich quick’ and 'jumping on the
bandwagon' are equally unlikely to vanish. Consequently, it is unlikely that the market will arbitrage away
the strategy of the MVP any time soon.
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4 Methodology of STOXX Minimum Variance Indices, highlighting the unique
approach for the index series

As the minimum variance concept has grown in importance, indices have been created to reflect the
concept and to allow benchmarking, as well as to provide cost-effective access to this strategy for market
participants. There are two types of indices on the market:

i) Simple volatility measures
i) Optimized portfolios

Simple volatility measures

A simple way to get low risk portfolios is to rank the stocks in any particular benchmark by their volatility
and then to use a portion of the least volatile stocks to create a low volatility portfolio. The constituents of
a low volatility portfolio can be weighted relative to the inverse of their corresponding volatility, with the
least volatile assets receiving the highest weights.

This approach has the advantage of a simple and transparent methodology with similar risk and return
characteristics of the optimized MVP. It does relatively well at reducing risk, especially on the downside,
and tends to create outperformance relative to the cap-weighted benchmark.

FIGURE 4: DISTRIBUTION OF RETURNS FOR A LOW RISK WEIGHTED INDEX AS WELL AS AN MVP COMPARED TO THE BENCHMARK.

60% -
50% -
40% -
30% -
20% -

10% -

0% L

-6% -4% -2% -1% 0% 1% 2% 4% 6% 8%
B STOXX Europe 600 STOXX Europe Low Risk Weighted 300
STOXX Europe 600 Minimum Variance Unconstrained
Source: Bloomberg, STOXX daily data from Jan. 2, 2004 to Jul. 29, 2016 for AUD GR versions

Losses exceeding 1% happen on 9%, 7% and 3% of days for the benchmark, the low risk index and the MVP respectively. Positive gains occur on

52%, 53% and 53% for the benchmark, the low-risk index and the MVP respectively.
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However, when one looks at the details of the portfolio created by this methodology, there is clear
concenftration risk. There is no correlation analysis and the final portfolio is at the mercy of the original
benchmark composition. If a stock in the benchmark was fo split into three separate but identical
companies, each with the same risk, the low risk weighted portfolio would now assign a weight three
fimes as important, without legitimate justification. Furthermore, simple low volatility selection
concentrates a portfolio in assets that share similar attributes, which accentuates systemic risks.

In an analysis of the PowerShares S&P 500° Low Volatility ETF that tracks the S&P 500® Low Volatility
Index many of these concentrations come to light:

- close to 60% of the portfolio was found to be invested in utilities and consumer staples sectors
- astrong small-cap bias was observed
- alow liquidity bias was observed

Any market movement that adversely impacted, say, ufilities would have a major impact on this portfolio.
Minimum variance, on the other hand, does not necessarily stock up on low volatility stocks only, but also
seeks to diversify the risk. Therefore these concentration risks are avoided. As Figure 5 illustrates, there is
very little downside protection stemming from the risk reduction of the low risk methodology.

FIGURE 5: PERFORMANCE OF MINIMUM VARIANCE AND RISK WEIGHTING.
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Return/volatility 0.27 0.54 1.00

Source: STOXX daily data from Jan. 2, 2004 to Jul. 29, 2016 for EUR Gross Return versions.
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Although the low risk weighting approach does quite well at reducing risk and improving returns, it is not
a genuine risk-reduction methodology, as it is subject to the composition of the benchmark. By this we
mean that it may have unexpected behavior in certain markets or certain times and that it cannot be
counted upon fo consistently reduce risk.

As the results in Figures 4 and 5 suggest, minimum variance does a more consistent job at reducing risk.
We see that the distribution of returns is more desirable using a minimum variance index than a simple
risk-reduction strategy. Drawdowns are smaller and occur less often for the MVP and it has a higher
average return. Further, the market capitalization weighted benchmark has fatter tails.

In other words, a low risk weighted portfolio is an impure attempt at achieving a Low Risk factor
allocation. This does not adequately compare with MVP which gives the optimal factor allocation in order
to reduce portfolio risk, albeit with a significant Low Risk factor bias.




STOXX LIMITED 14

STOXX MINIMUM VARIANCE INDICES

5 A tale of two minimum variance indices

The STOXX Minimum Variance Indices provide market participants with an easy way to track MVPs in
specific markets. For each market - global, regional and country-specific — two versions are made
available: Constrained and Unconstrained.

The Unconstrained version is optimized with minimal constraints, which pertain to tradability and
investability, and aims to be on the efficient frontier. The Constrained version seeks to also reduce
different risks, such as peer and benchmark risks. By making this second version more constrained to
match the market index in terms of risk exposures, it reduces peer and benchmark risks while providing a
much improved risk profile (and also returns, for reasons explained previously).

The optimization

For any minimum variance index, we start with a market capitalization weighted broad index, which seeks
to cover about 90% of the market cap of the investment universe. Using this index as a starting selection
universe, we apply a constrained optimization to obtain the set of weights which minimize predicted
portfolio variance, while satisfying all constraints.

In order to minimize risk, we must estimate it. There are generally two ways of estimating the covariance
of a portfolio: simple historical covariance or using a factor model. Using the historical covariance
approach, if we take the STOXX Global 1800 portfolio as an example, we need to create a matrix, G of
size 1,800 by 1,800, which shows the 1,618,200 different pairwise covariances:

Portfolio Variance = w'Cw

Where wis the vector of weights. This is a huge number of parameters to estimate and thus will require
us to go very far back in time to obtain sufficient observations to estimate all the parameters (more than
1,800 days or seven years). Furthermore, each day only provides 1,800 observations as only the
concerned stocks' fime series are considered. We are therefore doing a lot with little information, yielding
poor predictive power.

STOXX has teamed up with Axioma to implement a superior methodology. We use Axioma's
fundamental factor model to estimate risk effectively. In this framework, the exposure of each stock to
each factor is estimated by the model, and so the covariance of two stocks is determined indirectly
through their individual exposures to the factors:

Portfolio Variance = w'(E'FE)w + S

Where E is the matrix of exposures of the stocks to the factors, and F is the covariance matrix of the
factors and S represents the residual specific variances. Note that if there are 50 relevant factors, this
yields a problem of size 1,800 by 50 and not 1,800 squared as per the historical covariance approach.
Thus the problem does not scale exponentially and dealing with a decent universe size is possible. Many
implementations of the historical covariance approach slice the starting universe to obtain a more
manageable portfolio size. However an optimal solution on a reduced universe will always yield a result
that is the same or inferior.
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Furthermore, a factor model is updated using information from the entire market and not only the stocks
in the portfolio of interest. Therefore this approach estimates far fewer parameters and uses more
information, yielding a stronger predictive power. This theoretical reasoning is proven in practice as
exemplified in Figure 6. The FTSE index, which does not use a factor model for optimization has no
constraint relative to tracking risk and still achieves a risk higher than both STOXX index versions. This
example on the US market is representative of all regions where both types of indices exist: the STOXX
Minimum Variance Unconstrained always has lower realized risk when compared to other index
methodologies.

FIGURE 6: FTSE USA MINIMUM VARIANCE IS OPTIMIZED USING A HISTORICAL COVARIANCE APPROACH. THE STOXX INDICES USE A FACTOR
MODEL APPROACH.
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Return (annualized) 7.8% 10.9% 10.3% 10.6%
Volatility (annualized) 19.9% 15.5% 15.1% 12.4%
Maximum drawdown 55.3% 46.4% 45.2% 36.9%
Return/volatility 0.40 0.71 0.68 0.85

Source: STOXX, Bloomberg, daily data from Jun. 28, 2002 to Jul. 29, 2016 for USD Gross Return versions.

The Constraints’

An optimization will often result in a narrow portfolio. This can lead to certain concentration risks and
lead to over exposure to risks that the model will have difficulty estimating, such as fraud (i.e. in the case
of Enron), natural disaster (catastrophe hitting a firm's headquarters or place of business) and so on. To

.
See Appendix for a summary table
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protect the portfolio against these risks, some constraints will be applied in order to force a certain level
of diversification. In this framework, we apply the following two constraints:

All indices comply with UCITS regulation at rebalancing; in fact the component capping applied is even
stricter than UCITS requirements. Every component in the index is capped fo have a maximum weight of
8%. All components with weight of at least 4.5% will not exceed 35% of the weight of the portfolio when
combined. This 4.5/8/35 capping is a tougher application of the 5/10/40 standard so that compliance
is very rarely breached and if there is ever a breach, it would take little tfrading to bring it back to
compliance.

We then enforce that the minimum variance index has an effective number of assets of at least 30% of
that of the base index. This is a relevant way of enforcing diversification without stating a specific number
of assets (which an optimizer would just circumvent by applying insignificant weights to additional
components). This constraint is based on Hirsch-Herfindahl® diversification, which is a well-accepted
measure.

The Unconstrained index is rebalanced monthly and is allowed to have a turnover of 5% one-way (or 60%
annual). The Constrained version rebalances quarterly with a 7.5% turnover (or 30% annual), in sync with
the base index.

These are the only constraints applied on the Unconstrained version. In addition to these, we apply on the
Constrained version relative exposure limits to countries, industries and risk factors. The Constrained
minimum variance indices can only have the benchmark's country and industry allocation +/- 5% and
the style factors (all Axioma style factors except Size and Volatility) exposures have to be the same within
a quarter standard deviation. Therefore, the Constrained minimum variance index takes on very similar
risks as the benchmark, but to a lesser extent, and so the resulting portfolio is similar but reduced for risk
(and increased for returns).

Every day that the portfolio is not rebalanced, it will evolve in a non-optimal way as the weights change
with market-price changes. In theory, any strategy should rebalance continuously, which is not feasible.
Therefore there is a trade-off between transaction costs on one side and optimality on the other.

To analyze the impact of the rebalancing frequency, we conducted a test to see the average daily
predicted risk for a Minimum Variance portfolio with the same criteria but decreasing frequency, as
shown in Figure 7. We see that, with the same turnover, changing the frequency to semi-annual has a
significant impact on risk.

Although semi-annual rebalancing is practical, the risk consequences of the choices have made STOXX
choose smaller rebalancing frequencies. Furthermore, one must bear in mind that it is necessary fo allow
a cerfain amount of trading and turnover in order to allow optimality and gain benefits from the
optimization.. On a long enough time scale without rebalancing, any portfolio becomes market
capitalization weighted with its inherent flaws.

8 "Herfindahl-Hirschman Index". USDOJ. Retrieved Dec. 31, 2013.
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FIGURE 7: THE DAILY AVERAGE OF PREDICTED RISK FOR THE SAME PORTFOLIO, BUT WITH VARYING FREQUENCIES FOR THE STOXX
EUROPE 600 MINIMUM VARIANCE.
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Source: STOXX data from Aug. 2003 to Oct. 2011.
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6 Minimum variance performance

All STOXX Minimum Variance Indices have showed consistent outperformance and strong risk reduction
across all regions and countries in both backtests and live periods. Even in emerging markets, we have
seen that there would be tfremendous value in investing in minimum variance.

We see a consistent picture across all markets, where the STOXX Minimum Variance Unconstrained index
has the lowest risk of all, followed by the STOXX Minimum Variance index, which also significantly
reduces risk. Performance-wise, the Unconstrained version is often the best performer, while both
versions outperform the market systematically.

An important point to note is that the performance of minimum variance is not fully defensive. In every
market, minimum variance has outperformed every year the market has been down, but it has also
outperformed on most positive years. As can be seen from Figure 8, minimum variance can outperform
in bear and bull markets.
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FIGURE 8: PERFORMANCE OF MINIMUM VARIANCE IN BULL (ABOVE) AND BEAR (BELOW) MARKETS.
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Source: STOXX daily data from Jan. 2, 2004 to Apr. 30, 2007 and Jun. 29, 2007 to Feb. 27, 2009 for EUR Net Return versions.

Minimum variance, seeking to minimize risk, has done very well in light of the global financial crisis.
Looking at the allocation to financials before and during the crisis, we can understand the source of the
outperformance. Indeed, minimum variance did not necessarily perceive individual financial stocks to
become more risky, but the industry to become more correlated. Therefore the allocation to financial
companies was minimized and the active allocation was negative years before the crash, as can be seen
from Figures 9 and 10. In fact, looking at Figure 10, we see that the allocation to financials was at its
absolute minimum when the financial index was at its peak (at the exact time of the downfall). This
means that minimum variance was positioned protectively against the global financial crisis and could
have served to point out that financial stocks were getting risky.
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This under-allocation to financials, as these stocks were rallying, might have caused temporary
underperformance relative to the market. However, the crash of financials could have happened long
before it actually did and so the MVP was being punished for making the right choice: reduced allocation
to financials. As long as the investor understands the reasons for temporary underperformance, he will be
more comfortable holding this portfolio until the expected outperformance is realized.

FIGURE 9: ACTIVE INDUSTRY EXPOSURE OF THE GLOBAL 1800 MINIMUM VARIANCE UNCONSTRAINED RELATIVE TO THE STOXX GLOBAL
1800.
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Source: STOXX monthly data from Jan. 2000 to Jul. 2016. Industry classification according to DJ rules until Aug. 2004, and according to ICB
rules afterwards.
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FIGURE 10: MINIMUM VARIANCE'S EXPOSURE TO FINANCIAL SERVICES THROUGH TIME.
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7 Putting the STOXX Minimum Variance Indices to use

As we have observed, the MVP has become widely popular over the past few years, and it is not
unreasonable o believe that risk awareness and aversion following the financial crisis have driven
investors toward less risky investments. In the MVP, investors have found a product that not only lowers
risk but also maintains and enhances returns over the long term, and crucially appears fo be a strategy
that is not easily arbitraged away.

The analysis would suggest that the MVP is not just an investment to cover downside risk or to take an
active ‘bet’ on the volatility of a region. But an MVP should be considered as part of an overall asset
allocation for investors seeking to outperform the market or enter into better risk management.

Many investors adopt a core-satellite approach to portfolio management whereby the core portfolio
needs to have huge liquidity due to large amounts being managed, and satellites can have lower liquidity.
In this framework, minimum variance provides an ideal investment strategy as a satellite. It benefits from
a very low beta, low risk and high performance. This also means that it can be combined with a higher
beta portfolio (e.g. small caps) to give an average beta in line with targets, while providing
outperformance on each satellite. Furthermore, an increasing amount of investors are tilting their core
portfolio to include minimum variance allocation, which is warranted as it provides optimal portfolio
management in a systematic way.

Looking at a practical example of this implementation, we can construct a portfolio with a beta of 1 using
60% core allocation to the market index (STOXX Global 1800) and 40% to two satellites (STOXX Global
1800 Minimum Variance Unconstrained and STOXX Global 3000 Small) as shown in Figure 11.
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FIGURE T1: THE EFFECT OF ADDING SATELLITE INVESTMENTS WHILE KEEPING A BETA OF 1.
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—— STOXX Global 1800 Composite Portfolio
Key figures STOXX Global 1800 Composite portfolio
Return (annualized) 7.4% 8.8%
Volatility (annualized) 15.4% 12.4%
Maximum drawdown 53.7% 49.2%
Return/volatility 0.48 0.71

Source: STOXX daily data from Jan. 2, 2004 to Jul. 29, 2016 for USD Gross Return versions. Beta was calculated as the maximum of the

6 month and 1year beta. When no satellite beta is greater than 1, weights were set o 20% for each satellite.

Clearly, we can observe many benefits of using these satellites as opposed to having a full investment in
the core market portfolio. These percentages can be modulated according to the assets under
management of the investor, where smaller AUMs can yield further improvements by increased allocation
to these satellites.

In a second example, if we are ready to reduce the portfolio’s beta and benefit purely from the MVP's
increased return and diversification, one can easily build a portfolio composed of the market core and
minimum variance as a satellite portfolio. In Figure 12, we look at having a portfolio which is composed of
60% market (STOXX Global 1800) and 40% MVP (STOXX Global 1800 Minimum Variance

Unconstrained).
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FIGURE 12: PORTFOLIO WHICH IS COMPOSED OF 60% MARKET (STOXX GLOBAL 1800) AND 40% MVP (STOXX GLOBAL 1800 MINIMUM
VARIANCE UNCONSTRAINED).
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—— STOXX Global 1800 Composite Portfolio

Key figures STOXX Global 1800 Composite portfolio
Return (annualized) 7.4% 9.6%
Volatility (annualized) 15.4% 14.1%
Maximum drawdown 53.7% 47.9%
Return/volatility 048 0.68

Source: STOXX daily data from Jan. 2, 2004 to Jul. 29, 2016 for USD Gross Return versions.

As seen in practice in some major pension fund portfolios around the world, the use of minimum
variance enables a reduction in fixed income or other low risk, low return assets in order to increase equity
allocation and improve return outlook. This is achieved through minimum variance's better use of risk
budget, giving more expected return per unit of risk. Indeed, by replacing standard or risky equity
investments with minimum variance, the investor reduces the risk of equity allocation, thereby allowing a
higher equity proportion. In addition, minimum variance tends to outperform in the long run, so the
investor not only increases allocation to equites but also improves it by making it more efficient.
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With this in mind, we show as a final example the benefit of adding minimum variance to a portfolio
initially composed of 40% bonds (Barclays Capital Bond Composite) and of 60% equity market (STOXX
Global 1800) by creating a composite portfolio of 35% bonds, 40% equity market and 25% minimum
variance, as represented by STOXX Global 1800 Minimum Variance Unconstrained, shown in Figure 13.

FIGURE 13: THE EFFECT OF ADDING A MINIMUM VARIANCE SATELLITE TO AN ALREADY DIVERSIFIED PORTFOLIO.
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Market and Bonds Composite Portfolio
Key figures 40% Bonds, 60% STOXX Composite portfolio
Global 1800
Return (annualized) 6.0% 6.9%
Volatility (annualized) 9.8% 8.4%
Maximum drawdown 38.4% 33.7%
Return/volatility 0.62 0.82

Source: STOXX, Bloomberg daily data from Jan. 2, 2004 to Jul. 29, 2016 for USD Gross Return versions.

Using the same data as in Figure 13, we can approximate an efficient frontier constructed from only
these three assets: bonds, market and equity MVP as illustrated in Figure 14. It turns out that the
maximum Sharpe ratio portfolio (assuming a risk free rate of 0%), has approximately 25% MVP, 75%
bonds and no holding in the equity market. The multi-asset minimum variance portfolio including these
three assets is composed approximately of 20% equity MVP and 80% bonds.

In the absence of the equity MVP, a two-asset maximum Sharpe ratio portfolio and minimum variance
portfolios would have been identical and composed of approximately 10% market and 90% bonds. Risk
and return characteristics are displayed in Figure 14.
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FIGURE 14: OPTMAL PORTFOLIO COMPOSITIONS WITH RESULTING CHARACTERISTICS
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Bonds
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3 Asset Efficient Frontier Weight weight weight return risk Sharpe
Maximum Sharpe Ratio Portfolio 0% 25% 5% 5.8% 4.0% 144
Minimum Variance Portfolio 0% 20% 80% 5.5% 3.9% 142
Max Sharpe/Min Var Portfolio without o o o o

MVP 10% - 90% 4.8% 3.9% 123

Source: STOXX, Bloomberg daily data from Jan. 2, 2004 to Feb. 27, 2015 for USD Gross Return versions. An interest rate of 0% is used to

calculate the Sharpe ratios.

This exercise exemplifies that an equity MVP can be used to double equity allocation while keeping risk
constant and significantly improving returns outlook.

In fact, all portfolios on the efficient frontier have 0% equity market holding! This is very telling and it
suggests that any portfolio holding a market investment is sub-optimal, posing the question: why would
an investor ever purchase the market when an MVP is available?
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FIGURE 15: "EFFICIENT FRONTIER" USING THREE ASSETS: BARCLAYS CAPITAL BOND COMPOSITE INDEX, STOXX GLOBAL 1800, STOXX
GLOBAL 1800 MINIMUM VARIANCE UNCONSTRAINED.

12% Equity-only
efficient frontier

10% as seen in

Figure 1
8%
£
2 6%
& \
4%
2%
0%
0% 2% 4% 6% 8% 10% 12% 14% 16% 18%

Risk
el 0==100% Bonds == == Multi-asset Minimum Variance portfolio == ==100% equity market

== ==100% Minimum Variance (equities only) == ==Maximum Sharpe ratio portfolio

Source: STOXX, Bloomberg daily data from Jan. 2, 2004 to Jul. 29, 2016 for USD Gross Return versions. An interest rate of 0% is used to

calculate the Sharpe ratios.

As described previously, any allocation of the core portfolio to the market portfolio will pay for a premium
for its liquidity and so it should only really be used if it is required. Arguably, depending on the portfolio
size, a market capitalization weighted index does not need to represent the core of the portfolio and that
many investors are over-paying for liquidity. These investors would benefit from the use of a "smart-beta”
index, such as minimum variance, as a large satellite or even their core portfolio.

Other than for liquidity concerns, looking at the performance and risk figures make difficult to understand
why an investor would choose a market capitalization weighted index as opposed to a minimum variance
index, especially as the theoretical grounding arguably is more consistent for minimum variance
weighting than for market cap-weighting.

A minimum variance index can be used directly as a benchmark for a passive or active mandate or as
the basis for an exchange-traded product or custom notes. The index provides a way for passive
investments to hold a portfolio on the efficient frontier. At the same time an active manager can use it as
a benchmark to manage active positioning relative to an MVP.
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8 Conclusion

The MVP might be considered the "best of all worlds": low risk, low drawdowns and long-term superior
returns. As a strategy, minimum variance investing has clearly piqued the inferest of a risk-aware, risk-
averse investment community.

The creation of minimum variance indices makes these strategies widely available to sponsors of
financial instruments and as benchmarks for minimum variance strategies. However, not all minimum
variance indices are created equally.

To date, simple volatility weighting has proved more popular, but as we have seen such a strategy can
lead to some significant issues, notably unintended concentration in sectors or risk factors and much
higher realized risk.

The STOXX Minimum Variance Indices put the choice into the hands of the investor. The constrained
STOXX Minimum Variance Index retains many of the characteristics of the underlying benchmark,
whereas the STOXX Minimum Variance Unconstrained Index version aims to generate a portfolio that
most accurately represents the theoretical MVP with constraints only being applied to ensure that the
portfolio remains investable.
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9 Appendix

ponent cappi

ive number of as

Rebalancing and max. turnover

Country/ind

Factor exposure

45%/8%/35% to ensure UCITS compliance i.e. max. component capping of 8% and capping the
sum of the weights of all components that have an individual weight above 4.5% to 35% of the index’

30% of underlying broad index »  30% of underlying broad index

1
H =F s W =component Weight  Hgnyer 2 Hyese * 30%

» Monthly rebalancing » Quarterly rebalancing

» 5% one-way turnover constraint » 75% one-way turnover constraint

» This means up fo 5% of the portfolio is sold in » This means up to 7.5% of the portfolio is sold in
order to purchase other components order fo purchase other components

» Mot all applied to unconstrained version » Exposure to each country and industry is

summed up for the underlying broad index, and
the exposure of the Minimum Variance index
has to be within 5% of those numbers

Not all applied to unconstrained version »  The Minimum Variance index is constrained to
be within a 0.25 standard deviation of the base
index exposure to each factor

1) Application of stricter rules than required UCITS constraints. The UCITS compliance states a 5/10/40 rule.
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