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INTRODUCTION

2018 marked the 10-year anniversary of the MSCI Minimum Volatility Indexes. The indexes
were among the first factor indexes launched by MSCI. The timing of the launch, just prior to
the global financial crisis that led to sharp equity market falls, and the indexes’ behavior
“out-of-sample” since launch, have driven wide adoption by a large number of asset owners
as part of their “defensive equity” allocation strategies. The indexes have also been the basis
for a wide range of exchange traded funds (ETFs), which have gathered very significant
assets in recent years.

Over the past 10 years, we have addressed many client questions on the construction of the
indexes, including why we chose the parameters we did and the indexes’ behavior,
especially in times of market selloffs. To help answer some of these questions, in 2016 we
wrote “Constructing Low Volatility Strategies.”1 We explained how the different elements of
the methodology affected index behavior and the rationale behind incorporating these
elements via the use of constraints. In 2017, in “Managing Risk beyond Volatility,”* we
analyzed diversification, valuations, crowding and ESG in relation to the MSCI Minimum
Volatility Indexes, showing how each could be embedded without compromising the core
objectives of the indexes. Most recently, in “The Capacity of Factor Index Strategies:
Assessment and Control,”* we looked at the important question of the capacity of funds
tracking factor indexes, with a particular focus on the MSCI Minimum Volatility Indexes.

In this paper, we first review the MSCI Minimum Volatility Indexes and contrast the past 10
years of live data with the previous 10 years of backtesting. At launch, many investors
focused on the use of optimization in index construction — but over the intervening 10 years,
the focus has shifted to the indexes’ outturn: the delivery of low volatility in successive
crises.* We investigate the changes in the behavior of the indexes, if any, before and after
launch across different regions. We conclude the paper by answering a selection of the most
common questions our clients have asked about the indexes and low volatility investing, in
the form of a brief Q&A.

! Alighanbari, M., S. Doole and D. Shankar. (2016). “Designing Low-Volatility Strategies.” The Journal of Index Investing,
Vol. 7, No. 3, pp. 21-33.

? Alighanbari, M., S. Doole and D. Melas. (2017). “Managing Risk beyond Volatility.” The Journal of Index Investing, Vol. 8,
No. 2, pp. 68-76.

® Alighanbari, M. and S. Doole. (2018). “The Capacity of Factor Index Strategies: Assessment and Control.” The Journal of
Index Investing, Vol. 9, No. 2, pp. 34-52.

* This report may contain analysis of historical data, which may include hypothetical, backtested or simulated
performance results. There are frequently material differences between backtested or simulated performance results
and actual results subsequently achieved by any investment strategy. Please see the disclaimers at the end of this paper
for more information.
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A TEN-YEAR JOURNEY

BEHAVIOR OF THE INDEX: LIVE VERSUS BACKTESTING

No matter the strategy, backtested performance should always be assessed with a critical
eye. For example, historical returns are often halved to be used as a more robust estimate of
future returns (Ratcliffe et al., 2017 and Suhonen et al., 2017). Out-of-sample data can shed
additional light on the strategy and reveal potential shortcomings. The launch of the MSCI
Minimum Volatility Indexes in 2008 was accompanied by more than 10 years of backtested
history. While minimum variance is a well-known concept that has been in use for many
years, the choice of specific constraints in the construction of such an index may have risked
over-fitting to history. Moreover, while backtesting was undertaken with best efforts to
reflect realistic and achievable performance, the fact that the index did not yet exist or form
the basis of any strategy distinguished it from a live index.

In this paper, we look at live data on the MSCI Minimum Volatility Indexes over the past 10
years to see if their characteristics were in line with their objectives and whether there were
obvious differences in behavior when compared to the simulated backtests.

Exhibit 1 shows the performance of the MSCI World Minimum Volatility Index over the past
20 years, the first 10 years being backtested and the second 10 using live data. Over the
whole period, the index demonstrated lower volatility than the market-cap weighted index
(9.5 vs. 13.7 in-sample and 11.5 vs. 16.0 out-of-sample). The 3-year rolling volatility of the
MSCI World Minimum Volatility Index is compared to the parent index’ in Exhibit 2. The
MSCI World Minimum Volatility Index persistently showed lower volatility than the parent
over this period. Any improvement in volatility is, of course, more significant when market
volatility is high. During calmer markets, such as in 2006-2007 and more recently in 2015,
when the volatility of the market dropped to single digits, there was little room for
improvement. As we can see in the exhibit on the following page, the volatility of the index
was very close to the parent index.

® Parent index is the market-cap index from which this index is created. Here, it’s the MSCI World Index.
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Exhibit 1: Key Metrics of MSCI World Minimum Volatility Index before and after Launch

Before Launch After Launch
MScl World World Mi.n'imum Mscl World World Mi.n.imum
Volatility Volatility
Key Metrics
Total Return (%) 4.2 5.9 6.9 8.2
Total Risk (%) 13.7 9.5 16.0 11.5
Return/Risk 0.31 0.62 0.43 0.71
Active Return (%) 1.70 1.30
Tracking Error (%) 7.10 7.80
Information Ratio 0.24 0.17
Historical Beta 1.00 0.61 1.00 0.64
Performance (%)
1vYr -10.1 -8.0 11.5 7.8
3Yr 9.4 7.4 9.1 9.7
5Yr 12.5 12.1 10.5 10.4
Key Risk Metrics
Annualized Downside Deviation (%) 9.5 6.4 11.2 8.0
Sortino Ratio 0.44 0.93 0.61 1.01
VaR @ 95% -7.4 -4.9 -8.6 -4.6
VaR @ 99% -9.6 -7.4 -14.0 -11.6
Max Drawdown (%) 49.4 25.8 49.6 40.9
Period: 31-Dec-1998 to 30-Jun-2008 Period: 30-Jun-2008 to 29-Jun-2018

Exhibit 2: Realized Volatility of the MSCI World and World Minimum Volatility Indexes

3 Yr Annualized Rolling Volatility
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Another objective of a minimum volatility index is “defensiveness,” which means seeking a
more benign drawdown in turbulent markets than a market cap-weighted index. The
maximum drawdown of the MSCI World Index during the last 20 years occurred in 2008 (-
57.5%); the maximum drawdown for the MSCI World Minimum Volatility Index for the same
period was -47.7%, about 10 percentage points less than the parent index. This was in the
post-launch period. While the maximum drawdown gives us a good sense of the risk of the
indexes, it does not capture the whole picture. There have been other large drawdowns that
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were not as extreme as in 2008. Exhibit 3 shows the 1-month performance of the MSCI
World Minimum Volatility Index relative to the MSCI World Index, for the occasions when
the benchmark lost more than 10% within a 1-month period (rolling 1-month maximum
drawdown > 10%). For all those times when the parent index fell by 10% or more, the MSCI
World Minimum Volatility Index showed smaller drawdowns, outperforming the parent
index by between 2% and 9%.

Exhibit 3: Outperformance of MSCI World Minimum Volatility Index during Market
Downturns
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Finally, in terms of the low-volatility premium, the MSCI World Minimum Volatility Index
outperformed the parent index by an annual average of 1.7% over the 10-year backtesting
period before launch. For the last 10 years of live data, the annual performance was 1.3%
(Exhibit 1). Most of the outperformance was attributed to the more turbulent market of the
first five years (2008-2013). For the most recent five years, the return of the MSCI World
Minimum Volatility Index has been in line with the parent index; unsurprisingly given this
has been a low-volatility up-trending market. However, over this period, the MSCI World
Minimum Volatility Index has had lower volatility and superior risk-adjusted performance.
The return/risk ratio improvement relative to the parent index for the out-of-sample period
(0.71 vs. 0.43) was in line with the in-sample period (0.62 vs. 0.31).

Exhibit 4 demonstrates a summary of key metrics for MSCI Minimum Volatility Indexes
versus their parent indexes for other selected regions. The results tell a similar story to the
one above. The indexes’ behavior for the live period was in line with expectations and the
backtested data. Over the past 10 years, different indexes have shown different levels of
premiums, sometimes higher and sometimes lower than for the longer term period. But
they all showed lower risk, as measured by total risk, downside risk, drawdown and value at
risk (VaR).
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Exhibit 4: Behavior of MSCI Minimum Volatility Indexes across Regions

ACWI Emerging Markets USA Japan
Market  Minimum Market  Minimum Market  Minimum Market  Minimum
Cap Volatility Cap Volatility Cap Volatility Cap Volatility

Total Return (%) 5.7 8.2 9.6 113 6.0 7.4 3.7 5.0
Total Risk (%) 15.2 10.2 21.9 17.0 14.5 11.2 16.6 13.5
Return/Risk 0.37 0.81 0.44 0.66 0.42 0.66 0.23 0.37
Active Return (%) 2.50 1.70 1.30 1.20
Tracking Error (%) 7.80 6.80 6.30 7.10
Information Ratio 0.32 0.25 0.21 0.17
Historical Beta 1.00 0.59 1.00 0.75 1.00 0.70 1.00 0.74
Performance (%)

1vYr 111 7.9 8.3 8.2 14.7 11.1 10.3 10.0
3Yr 8.8 9.0 6.5 3.7 11.8 12.1 6.8 9.4
5Yr 10.0 9.7 5.4 3.4 13.4 12.8 7.7 9.2
10 Yr 6.4 8.5 2.6 5.7 10.1 11.2 3.8 6.0
Key Risk Metrics

Annualized Downside Deviation (%) 10.6 6.8 14.4 11.0 9.9 7.4 11.0 8.7
Sortino Ratio 0.53 1.21 0.67 1.03 0.61 0.99 0.34 0.57
VaR @ 95% -8.2 -4.8 -9.0 -7.1 -7.3 -4.6 -7.5 -5.5
VaR @ 99% -11.2 -7.1 -15.8 -12.2 -10.4 -9.6 -11.7 -10.0
Max Drawdown (%) 58.1 42.9 65.1 53.7 54.9 46.6 60.4 46.6

Period of analysis: Dec. 31, 1998 to June 29, 2018. The analyses are based on gross total return in USD.

© 2018 MSCl Inc. All rights reserved. Please refer to the disclaimer at the end of this document. MSCI.COM | PAGE 7 OF 17
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MINIMUM VOLATILITY INDEXES: FREQUENTLY ASKED QUESTIONS

In this section we have brought together and answered select questions investors have had
around low-volatility investing in the form of a Q&A. When appropriate, we have referenced
— and provided links to — previously published papers and blogs for those looking for more
in-depth discussion and analysis.

Q1: WHY DID YOU CHOOSE AN OPTIMIZATION APPROACH TO CONSTRUCT THE LOW-
VOLATILITY INDEXES?

Al: There are two main approaches to constructing low volatility indexes — a heuristic
approach and optimization — with pros and cons for each. The heuristic approach, where
stocks are ranked based on a measure of volatility (often historical volatility) and then the
lowest volatility stocks are selected to create the index, is simple in construction. The
optimization approach is more complex, but provides flexibility to control other important
objectives such as investability, avoiding large overweights on specific stocks, sectors or
countries, manageable turnover, etc. (more on this in Q4). Optimization is the only
construction method where the effect of correlation on index volatility reduction is taken
into account. The level of correlation between stocks within a portfolio has a large impact on
the volatility of the portfolio. Optimization is also the only approach where the selection of
lower volatility stocks can be traded off against the selection of lowly correlated stocks when
aiming for an index with the lowest level of volatility (more on this in Q3).°

Q2: WHAT ARE THE POTENTIAL BENEFITS OF USING MULTI-FACTOR MODELS FOR INDEX
CONSTRUCTION?

A2: To construct a low-volatility index we need to estimate the volatility of each stock (and
the correlations between stocks). The simple approach is to use volatility and correlations
from historical returns. There are two issues with this approach. First, the number of
parameters to estimate grows as the number of stocks increases (e.g., for 1,600 stocks,” we
would need to estimate more than 1.28 million parameters). Second, and more importantly,
estimates rely solely on historical returns of individual stocks, which may have been affected
by special events and do not take into account changes in a company’s characteristics over
time. A multi-factor model is designed to address both these issues. The parameters to be
estimated are the volatility of factors and the correlation between them, and as the number
of stocks grows the number of parameters to be estimated remains constant. Furthermore,

® For more detailed discussion please see Alighanbari, M., S. Doole, L. Mrig and D. Shankar. (2016). “Constructing Low
Volatility Strategies.” MSCI Research Insight.

" The MSCI World Index had around 1,600 constituents as of November 2018.
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multi-factor models have historically provided better estimates of volatility (compared to
historical volatility), as they can reflect changes in the characteristics of a company and have
withstood outliers in asset data. In addition, using a fundamental factor model, such as the
Barra Global Total Market Equity Model for Long-Term Investors (GEM LT), has not only
provided more accurate estimates of risk (Conner, 1995) but also has offered a more
thorough and meaningful risk breakdown.®

Q3: WHY IS CORRELATION CONSIDERED WHEN CREATING THE LOW-VOLATILITY INDEX?

A3: As discussed in Q1, using optimization is the only way to capture correlation in addition
to volatility. In the appendix of “Constructing Low Volatility Strategies” we provided a
framework and some analysis to show that the contribution of correlation to index volatility

reduction has been significant.9 Using this framework, we showed that about half of the
volatility reduction came from selecting low-volatility stocks and the other half from
selecting lowly correlated stocks.

Q4: HOW DO CONSTRAINTS HELP CONSTRUCT A REPLICABLE MINIMUM VOLATILITY
INDEX?

A4: If the only objective was to have an index with the lowest expected volatility, an
unconstrained optimization would be the ideal solution. However, for an index to be
replicable there are broader considerations and constraints can help ensure the resulting
index satisfies these. An unconstrained minimum volatility index can be concentrated, have
large weightings on less-liquid names, have large active exposure to certain countries or
sectors or require large turnover on each rebalance. Within an optimization framework,
simple and explicit constraints can be incorporated into the methodology to control all these
important dimensions. Our analyses show that incorporating constraints had minimal impact
on the volatility reduction characteristics of the index while still achieving important
investability objectives.10

Q5: WHY IS TURNOVER CONSTRAINED?

AS5: Higher turnover means higher transaction costs for a portfolio or product replicating /
tracking the index, and can be justified only if it results in sufficiently better performance
(higher return or lower volatility). In “Constructing Low Volatility Strategies” we

® Barra Risk Model Handbook.

° please see Alighanbari, M., S. Doole, L. Mrig and D. Shankar. (2016). “Constructing Low Volatility Strategies.” MSCI
Research Insight.

% For more detailed discussion please see Alighanbari, M., S. Doole, L. Mrig and D. Shankar. (2016). “Constructing Low
Volatility Strategies.” MSCI Research Insight.
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demonstrated the effect of turnover on the volatility of the MSCI Minimum Volatility
Indexes. *° The results showed that for about the first 10% of turnover there was a
considerable reduction in volatility, but for turnover beyond that volatility reduction was
insignificant. A turnover constraint aims to limit the optimization to necessary turnover only.
In the MSCI Minimum Volatility Indexes, the one-way turnover is constrained to 10% at each
semi-annual rebalance (20% annually).*!

Q6: HAS THE TURNOVER CONSTRAINT CREATED PATH DEPENDENCY? WHAT IS THE
IMPACT?

A6: Turnover constraint can indeed create path dependency. It means that indexes with the
same methodology but different starting points can have different constituents over time.
However, this path dependency has not affected the behavior of the indexes or their
risk/return characteristics. In “Constructing Low Volatility Strategies” we showed that MSCI
Minimum Volatility Indexes that differ only in their inception dates had similar risks and
returns over time.*°

Q7: WITH MORE AUM TRACKING THE MINIMUM VOLATILITY INDEXES, COULD VALUATION
BECOME AN ISSUE?

A7:In Q3 we discussed incorporating constraints into the design of minimum volatility
indexes. In the MSCI Minimum Volatility Indexes, there are constraints on active exposure to
different style factors. Constraint on the value factor works to keep the valuation of a
minimum volatility index within a narrow band of its broad market-cap weighted benchmark
in order to keep the index from becoming materially overvalued. In “Managing Risks beyond
Volatility” we also showed that while the valuations of the MSCI Minimum Volatility Indexes
have changed over time, at no point did they become significantly “rich,”* though this is not
indicative of how the indexes may perform in the future.

Q8: ARE THE MINIMUM VOLATILITY INDEXES RUNNING OUT OF CAPACITY?

A8: There actually are two questions here; the one above and: How do we measure
capacity? Measuring capacity is an important topic that has been researched extensively. In
“The Capacity of Factor Index Strategies: Assessment and Control” we use specific
characteristics of factor investing to devise an approach to measure and account for capacity

" For details of constraints, please see the MSCI Minimum Volatility Index Methodology Book.

2 For more detailed discussion please see Alighanbari, M., S. Doole and D. Melas. (2017). “Managing Risks beyond
Volatility.” The Journal of Index Investing, Vol. 8, No. 2, pp. 68-76.
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for factor indexes.” In the report we discussed how the MSCI Minimum Volatility Indexes’
methodology incorporates constraints designed to help improve their capacity. We also
present some empirical analyses suggesting these indexes have not shown signs of reaching
their capacity. Ang et al. (2017) and Ratcliffe et al. (2017) use empirical data to explore the
capacity of various factor indexes including the MSCI Minimum Volatility Indexes, the levels
of which were orders of magnitude higher than the AUM currently tracking the MSCI
Minimum Volatility Indexes.

Q9: CAN ESG BE INCORPORATED INTO A MINIMUM VOLATILITY INDEX? HOW?

A9: We have previously shown ESG to be a dimension of risk (Giese et al., 2017). As such, it
is natural to incorporate it into indexes that are designed to show low risk, such as minimum

volatility indexes. In Alighanbari et al. (2017) we showed that the optimization framework
allows ESG metrics to be incorporated into the MSCI Minimum Volatility Indexes.

Q10: WHAT IS THE LOW-VOLATILITY FACTOR PREMIUM?

A10: The low-volatility factor seeks to capture excess returns to stocks with lower than
average volatility, beta and/or idiosyncratic risk. Although the capital asset pricing model
(CAPM) suggests that riskier assets should earn higher returns, empirical research shows
that less risky stocks have historically outperformed the market. The low-volatility premium
has mostly been explained by behavioral arguments, though the investment constraints that
some investors face have also been proposed by researchers to explain this anomaly
(Bender et al., 2013). The MSCI Minimum Volatility Indexes seek to capture this premium by
selecting lower volatility stocks.

Q11: WHAT DOES BASE CURRENCY IN OPTIMIZATION MEAN?

Al11: When investing in international equities, investors’ returns depend on the return of a
stock in its local currency, as well as changes in the exchange rate with their home currency.
For instance, a U.S. investor investing in USD may see a different return for a Japanese
investment compared to a GBP-based investor investing in the same asset. Therefore when
assessing volatility, one should be mindful of these actual returns observed by the investor.
The base currency in the optimization indicates the investor’s currency. Optimizing in
different currencies can result in different portfolios, although the differences have often
been small. The optimization can also be done in local currency which means removing the

 For more detailed discussion please see Alighanbari, M. and S. Doole. (2018). “The Capacity of Factor Index Strategies:
Assessment and Control.” The Journal of Index Investing, Vol. 9, No. 2, pp. 34-52.
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currency effect altogether. The local-currency-optimized index is the optimal solution when
the investor intends to fully hedge currency exposures.14

Q12: HAVE THE CHARACTERISTICS OF THE MSCI MINIMUM VOLATILITY INDEXES CHANGED
SINCE THEIR LAUNCH IN 2008?

A12: The MSCI Minimum Volatility Indexes were launched with over 10 years of simulated
history. While we simulate history for our indexes by applying the methodology to point-in-
time data to achieve a meaningful representation of how the index would have performed,
in the end these are still simulations. This means, among other things, that there was no
AUM tracking an index during the simulation period, and therefore no market impact or any
of the capacity, liquidity and valuation effects we discussed in previous questions. In this
report we contrasted the 10-year live performance of the indexes with the preceding 10
years of backtesting and showed that the index characteristics have not changed materially
since launch. It should also be noted that the methodology of the MSCI Minimum Volatility
Indexes has been essentially unchanged since launch. In this methodology, the index
construction aims to use the latest Barra factor model. As a result, the Barra factor models
GEM2 and GEM LT were used for index construction once introduced.

Q13: WHAT HAVE RISING INTEREST RATES MEANT FOR MINIMUM VOLATILITY
STRATEGIES?

A13: In a blog that addresses this question,* the authors dissected the return of minimum
volatility strategies that replicate the indexes into equity and bond premiums and other
return components, using data from 1963 to 2017. The analysis showed minimum volatility
had rather stable exposure to the equity factor. Meanwhile, its exposure to the bond factor
in rising rate environments was half that in declining rate environments. This meant that
while the bond factor contributed positively (1.1% annually) to performance in declining rate
periods, it caused a mere 16 basis points drag on performance in the rising rate period.
Further analysis showed that when interest rates were rising, there were periods of under
and outperformance linked to market volatility. Risk reduction, which is one of the main
objectives of minimum volatility, was persistent and comparable for both rising and
declining rate periods.

" For more detailed discussion please see the appendix of “Alighanbari, M., S. Doole, L. Mrig and D. Shankar. (2016).
“Constructing Low Volatility Strategies.” MSCI Research Insight.

- Zhen, W. (2017). “What do rising interest rates mean for minimum volatility strategies?” MSCI Research Insight.
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Q14: WHAT ABOUT APPROACHES TO MITIGATE OTHER DIMENSIONS OF RISK?

Al14: There are various other approaches to seek reduced risk. For example, rather than
focusing on volatility, a minimum conditional value at risk (CVaR) approach focuses on
minimizing tail risk. In Downing et al. (2015) the authors show that a minimum volatility
strategy was competitive with minimum-CVaR in mitigating tail risk exposure. In Alighanbari
et al. (2017) we compared a minimum volatility strategy with a maximum diversification
approach and showed that, while achieving a similar level of diversification, a minimum
volatility strategy targeted and benefited from the low-volatility premium. Overall, a well-
designed minimum volatility strategy has not only improved risk in terms of ex-ante and ex-
post volatility, but also other dimensions of risk, such as drawdowns and CVaR.

Q15: HAS MINIMUM VOLATILITY MAINTAINED ITS CHARACTERISTICS IN NARROWER
MARKETS?

A15: In principle, yes. Of course, the larger and more diverse the universe, the more
flexibility is given to the optimization to find the lowest possible volatility portfolio while
satisfying all the constraints. But as long as there were enough stocks in the universe to
make the methodology meaningful, then minimum volatility has demonstrated its expected
behaviors, such as lower risk (lower volatility, drawdown, tail risk, etc.) and long-term
historical premium. For instance, the MSCI Minimum Volatility Indexes exist not only for
global and regional universes but also on a narrower basis in countries, such as Brazil,
Switzerland, Canada and, more recently, in China A. In a recent blog'® our colleagues
showed that in the China A market, a minimum volatility portfolio historically displayed
lower risk and higher return compared to the market-cap weighted index.

16 Zhen, W. (2018). “How the low volatility factor has performed in China A shares.” MSCI Research Insight.
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CONCLUSIONS

2018 marked the 10-year anniversary of the launch of the MSCI Minimum Volatility Indexes.
We analyzed the 10-year live data and contrasted it with historical backtests. Results for the
MSCI World Minimum Volatility Index, as well as for various other regions, showed that out
of sample, the indexes behaved as expected and in line with in-sample observations. Over
the past 10 years, the indexes have shown lower volatility, defensiveness and higher long-
term returns compared to their market-cap parent indexes. These characteristics of the
MSCI Minimum Volatility Indexes have not shown any apparent signs of diminishing since
their launch and as more AUM have tracked them.

Over the last 10 years, we have received many questions from investors about the indexes’
construction, behavior and potential benefits. We have written various papers to cover
these topics in detail and discussed them with our clients. In this paper we summarized
some of these finding in the form of a brief Q&A, with references and links to the
appropriate papers and blogs for more details and in-depth analysis.
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