Insights

Volatility reduction: How minimum
variance indexes work

Minimum variance indexes, which apply rules-based methodologies with
the aim of minimizing an index’s volatility, are popular among market
participants interested in smart beta. In this FTSE Russell Insights, the
third in a series of three covering risk-based indexes and their
applications, we review minimum variance indexes in detail.
We discuss the reasons for the recent popularity of the minimum variance
approach. We also note the importance of the design choices facing the
creator of a minimum variance index, which can determine the index’s
suitability for use by market participants as a benchmark or as the
underlying target for an index-replicating portfolio or financial product.
Using the example of a minimum variance index constructed from the
®
Russell 1000 Index, we also review the reasons for why a minimum
variance strategy has captured reduced volatility in index levels and
examine its recent valuation levels.

Why the interest in volatility reduction?
In an environment of near-zero official interest rates and low bond yields,
investors increasingly rely on the equity market to meet long-term return
targets. At the same time, the bear markets of 2000-2002 and 2007-2008
are a reminder of the downside risks inherent in equity investing.
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The FTSE Russell Smart Beta Survey 2016, which gathered responses
from more than 250 large asset owners worldwide with over US$2 trillion
under management, showed that, after return enhancement, risk
reduction was the most popular investment objective cited by investors
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evaluating smart beta. Smart beta is a generic term for indexes using
alternative weightings to benchmark specific risk and return goals.
Some categories of investor, for example European insurance companies
subject to the “Solvency II” Directive, are increasingly required to reflect
their liability profiles in their asset portfolios, incentivizing them to find
solutions and tools that help manage downside risks while also seeking
returns.
Minimum variance indexes apply a rules-based methodology to constrain
volatility in a reference index while also maintaining exposure to the equity
market. Asset owners have therefore employed these tools as part of their
own risk-reduction strategies. At the same time, minimum variance index
methodology is not designed to benchmark a specific return objective: any
deviation in index values from the capitalization-weighted reference
benchmark are an incidental outcome of the volatility-minimizing strategy.
The efficacy of a minimum variance index in reducing volatility can be
seen from the chart and table below where we compare the past volatility
of the FTSE Developed Minimum Variance Index with the volatility of its
capitalization-weighted reference index, the FTSE Developed Index. The
FTSE Developed Index measures the performance of mid and large cap
stocks in global developed markets and represents around 98% of the
world’s investable market capitalization.
Exhibit 1 demonstrates that, over the period between 2001 and 2016, the
minimum variance approach consistently had a 20-30 percent index
volatility reduction by comparison with the capitalization-weighted
reference benchmark.
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2016 FTSE Russell Smart Beta Survey: 46% of respondents cited risk reduction, 58% cited return enhancement
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Exhibit 1. Volatility comparison: FTSE Developed vs. FTSE Developed Minimum Variance
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The minimum variance index also suffered a smaller maximum drawdown in the 2007 - 2008 bear market than
the reference benchmark (see Exhibit 2). And it shared to a greater extent in the equity market’s upward moves
than in its downward moves (expressed in the table as a higher-up capture ratio than down capture ratio).
Exhibit 2. Volatility and drawdown reductions from the minimum variance approach
FTSE Developed
Geometric Mean Return (%)
Volatility (%)

7.27

11.42

16.35

11.86

Volatility Reduction (%)
Sharpe Ratio
Maximum Drawdown (%)

FTSE Developed Minimum Variance

27.47
0.44

0.96

-57.37

-46.30

Up Capture Ratio

90.21

Down Capture Ratio

64.35

Source: FTSE Russell. Data from September 2001 to November 2016. Past performance is no guarantee of future results. Returns shown
may reflect hypothetical historical performance. Please see the end for important legal disclosures.
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Competing approaches to volatility reduction
Minimum variance is not the only index construction approach focused on capturing reduced equity market
volatility in its index composition.
A simple alternative low volatility approach is a risk-weighted index, where the index’s constituents are weighted
by the inverse of their historical volatility (the lower the volatility, the higher the index weighting).
Another approach is to construct a low volatility factor index. Here, the index methodology focuses on capturing
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the factor premium historically associated with low volatility stocks.
A comparison of the historical index-level volatility reduction resulting from these three approaches, based on the
capitalization-weighted Russell 1000 Index universe, shows that minimum variance has produced higher levels of
index-level volatility reduction than the two alternative approaches over an extended period (see Exhibit 3).
Exhibit 3. Volatility reduction from three alternative low volatility index approaches
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Source: FTSE Russell. Data from June 2000 to December 2016. The chart shows the rolling 252 day volatility reduction relative to the
reference benchmark, the capitalization-weighted Russell 1000 index. Past performance is no guarantee of future results. Returns shown may
reflect hypothetical historical performance. Please see the end for important legal disclosures

It’s noteworthy that both the simple risk-weighted (inverse volatility) approach and the low volatility factor
approach achieved relatively low levels of index-level risk reduction over the period (typically 0–10%).
The minimum variance approach succeeded in producing higher levels of risk reduction primarily because, as well
as focusing on stocks’ past volatilities, it fully exploited the correlation structure of the equity market.
In fact, minimum variance indexes may select individual stocks with higher levels of volatility if this produces a
correlation (i.e., a risk reduction) benefit to the overall index—a notable difference with the risk-weighted approach
or the low-volatility factor approach.
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For an introduction to factors and the objectives of factor indexes, see http://www.ftserussell.com/files/research/objectives-factor-indexes
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Constructing a minimum variance index
Using historical data, minimum variance indexes achieve their objective of producing the lowest possible index
volatility by utilizing the correlations and past volatilities of each stock. In common with several other risk-based
3
indexes, the minimum variance portfolio is calculated by means of a mathematical optimization algorithm.
For the minimum variance indexes in the FTSE Russell Global Minimum Variance Index Series, the optimization
has three steps:
1. Define the index’s objective (in this case, to minimize long-only portfolio variance, defined as:

𝜎2 = 𝑊𝑇 𝐶 𝑊
where W is the vector of stock weights and C is the covariance matrix)
2. Set appropriate constraints (FTSE Russell’s minimum variance methodology includes constraints on
industry and country weights, individual stock weights and the number of index constituents, which must
not be fewer than half the number of stocks in the underlying universe)
3. Run the optimization (this is an iterative process, meaning that the optimization proceeds via a series of
steps to arrive at the desired outcome, with each step representing an approximate solution, and each
step improving on the previous step in terms of meeting the outcome)

The importance of constraints
If run without constraints, the minimum variance optimization would be likely to result in a heavily concentrated
stock portfolio within the index, unsuitable for practical use as an equity benchmark both because of high
weightings in individual constituents and the resulting high levels of internal turnover when the index is
rebalanced.
However, constraints such as diversification and turnover limits represent a trade-off between optimality (the
lowest possible variance) and practicality (the suitability of the resulting index for use by market participants,
whether as a performance benchmark or as the underlying target for an index-replicating fund or financial
product).
By setting relatively high diversification targets (for example, by requiring that not fewer than half the number of
stocks in the underlying universe be represented in a minimum variance index), FTSE Russell aims to ensure that
its indexes are broad, diversified and investable.
For market participants wishing to compare minimum variance indexes from different providers, it’s important to
understand the role played by constraints in the optimization algorithm and to assess their impact on the likely
capacity, turnover and performance of the index.

Performance and factor exposure of low volatility approaches
In Exhibit 4 we show the index levels between 2000 and 2016 of the three low-volatility approaches outlined
above: minimum variance, risk-weighted (inverse volatility) and low volatility factor indexes, shown relative to the
capitalization-weighted Russell 1000 Index.
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See the second Insights of this series, “Understanding risk-based index construction”, for further detail on optimizations.
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Exhibit 4. Performance of low volatility indexes relative to Russell 1000 Index
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Source: FTSE Russell. Data from June2000 to December 2016, shown relative to the Russell 1000 reference index. Past performance is no
guarantee of future results. Returns shown may reflect hypothetical historical performance. Please see the end for important legal disclosures.

Two things stand out. First, although the historical performance of an index is not a guarantee of future results
and, as mentioned earlier, the minimum variance, risk-weighted and low volatility factor indexes are not designed
to benchmark an explicit return objective, all three low volatility approaches produced higher index values than the
capitalization-weighted reference benchmark over the sixteen-year period. At the same time, they produced lower
average levels of volatility.
Second, the minimum variance and risk-weighted approaches produced substantially higher index values than the
low volatility factor index. The reasons for this difference in index performance can be seen in charts showing the
factor exposures through time of the three index approaches (see Exhibit 5).
While the minimum variance, risk-weighted and low volatility factor indexes have all had active exposure to the
low volatility factor over the period, only the first two indexes have had positive exposure to the size factor (and, to
a much smaller extent, to the value factor).
Over this particular sixteen-year period, exposure to the size factor has helped generate higher index values for
the minimum variance and risk-weighted index approaches. However, in the case of the minimum variance index,
this occurred without a concurrent rise in index volatility (see Exhibit 4), an initially surprising result given the
above-market volatility traditionally associated with the size factor. Again, this can be seen as a result of the focus
on stocks’ correlations inherent in the minimum variance methodology.
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Exhibit 5. Average active factor exposure of three different low volatility index approaches
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Source: FTSE Russell. Data from June 2000 to December 2016. Factor exposures are shown relative to the Russell 1000 reference index.
Past performance is no guarantee of future results. Returns shown may reflect hypothetical historical performance. Please see the end for
important legal disclosures.

Is low volatility expensive?
It’s important to remember that, as an index approach, minimum variance does not look to benchmark an explicit
return target: its goal is index volatility reduction, and the overall index performance is incidental to this goal.
Nevertheless, the combination of below-average historical volatility and above-average historical returns offered
by minimum variance in many markets has, unsurprisingly, caught the attention of investors. Financial products
referencing or tracking low volatility or minimum variance indexes have attracted substantial inflows during recent
years.
In response, some market participants have recently expressed the view that low volatility strategies have
become expensive and are subject to a performance reversal. While it’s not the role of an index provider to
express a view on the attractiveness or otherwise of particular strategies or to comment on future performance,
FTSE Russell does measure the active value factor exposure of the three low volatility approaches outlined above
(see Exhibit 6).
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Exhibit 6. Active value factor exposure of three different low volatility index approaches

Active value exposure of low volatility indexes
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Source: FTSE Russell. Data from June 2000 to December 2016. Factor exposures are shown relative to the Russell 1000 reference index.
Past performance is no guarantee of future results. Returns shown may reflect hypothetical historical performance. Please see the end for
important legal disclosures.

Clearly, while the low volatility factor index has had past levels of exposure to the value factor that are in line with
the capitalization-weighted reference index, the minimum variance and risk-weighted indexes have had higher
levels of value exposure, particularly in the early part of the last decade. As at December 2016, the active value
factor exposure of all three low volatility approaches was near zero (i.e., in line with that of the reference index).
On this measure, the three approaches were neither cheap nor expensive.

Addressing investors’ demand for risk reduction
By explicitly targeting reductions in index-level risk, therefore, minimum variance indexes help address the current
demand from market participants for an index that combines equity exposure with lower volatility. By using
information on stocks’ correlations as well as their past levels of risk, minimum variance indexes have been able
to achieve greater levels of index risk reduction than alternative low volatility approaches. Moreover, the
constraints set by index providers when minimum variance indexes are constructed play an important role in
determining the usability of the resulting benchmarks. The past factor exposures of minimum variance indexes
can help explain the high historical index performance accruing to this strategy. However, index users must
recognize that while such index performance may be welcome to some market participants, minimum variance
indexes are always constructed with the aim of reducing index level volatility rather than to benchmark a particular
investment return.
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For more information about our indexes, please visit ftserussell.com.
© 2017 London Stock Exchange Group plc and its applicable group undertakings (the “LSE Group”). The LSE Group includes (1) FTSE
International Limited (“FTSE”), (2) Frank Russell Company (“Russell”), (3) FTSE TMX Global Debt Capital Markets Inc. and FTSE TMX Global
Debt Capital Markets Limited (together, “FTSE TMX”) and (4) MTSNext Limited (“MTSNext”). All rights reserved.
FTSE Russell® is a trading name of FTSE, Russell, FTSE TMX and MTS Next Limited. “FTSE ®”, “Russell®”, “FTSE Russell®” “MTS®”, “FTSE
TMX®”, “FTSE4Good®” and “ICB®” and all other trademarks and service marks used herein (whether registered or unregistered) are
trademarks and/or service marks owned or licensed by the applicable member of the LSE Group or their respective licensors and are owned,
or used under licence, by FTSE, Russell, MTSNext, or FTSE TMX.
All information is provided for information purposes only. Every effort is made to ensure that all information given in this publication is accurate,
but no responsibility or liability can be accepted by any member of the LSE Group nor their respective directors, officers, employees, partners
or licensors for any errors or for any loss from use of this publication or any of the information or data contained herein.
No member of the LSE Group nor their respective directors, officers, employees, partners or licensors make any claim, prediction, warranty or
representation whatsoever, expressly or impliedly, either as to the results to be obtained from the use of the FTSE Russell Indexes or the
fitness or suitability of the Indexes for any particular purpose to which they might be put.
No member of the LSE Group nor their respective directors, officers, employees, partners or licensors provide investment advice and nothing
in this document should be taken as constituting financial or investment advice. No member of the LSE Group nor their respective directors,
officers, employees, partners or licensors make any representation regarding the advisability of investing in any asset. A decision to invest in
any such asset should not be made in reliance on any information herein. Indexes cannot be invested in directly. Inclusion of an asset in an
index is not a recommendation to buy, sell or hold that asset. The general information contained in this publication should not be acted upon
without obtaining specific legal, tax, and investment advice from a licensed professional.
No part of this information may be reproduced, stored in a retrieval system or transmitted in any form or by any means, electronic, mechanical,
photocopying, recording or otherwise, without prior written permission of the applicable member of the LSE Group. Use and distribution of the
LSE Group index data and the use of their data to create financial products require a licence from FTSE, Russell, FTSE TMX, MTSNext
and/or their respective licensors.
Past performance is no guarantee of future results. Charts and graphs are provided for illustrative purposes only. Index returns shown may not
represent the results of the actual trading of investable assets. Certain returns shown may reflect back-tested performance. All performance
presented prior to the index inception date is back-tested performance. Back-tested performance is not actual performance, but is
hypothetical. The back-test calculations are based on the same methodology that was in effect when the index was officially launched.
However, back- tested data may reflect the application of the index methodology with the benefit of hindsight, and the historic calculations of
an index may change from month to month based on revisions to the underlying economic data used in the calculation of the index.
This publication may contain forward-looking statements. These are based upon a number of assumptions concerning future conditions that
ultimately may prove to be inaccurate. Such forward-looking statements are subject to risks and uncertainties and may be affected by various
factors that may cause actual results to differ materially from those in the forward-looking statements. Any forward-looking statements speak
only as of the date they are made and no member of the LSE Group nor their licensors assume any duty to and do not undertake to update
forward-looking statements.
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About FTSE Russell
FTSE Russell is a leading global provider of benchmarking, analytics and data
solutions for investors, giving them a precise view of the market relevant to their
investment process. A comprehensive range of reliable and accurate indexes
provides investors worldwide with the tools they require to measure and
benchmark markets across asset classes, styles or strategies.
FTSE Russell index expertise and products are used extensively by institutional
and retail investors globally. For over 30 years, leading asset owners, asset
managers, ETF providers and investment banks have chosen FTSE Russell
indexes to benchmark their investment performance and create ETFs, structured
products and index-based derivatives.
FTSE Russell is focused on applying the highest industry standards in index
design and governance, employing transparent rules-based methodology
informed by independent committees of leading market participants. FTSE
Russell fully embraces the IOSCO Principles and its Statement of Compliance
has received independent assurance. Index innovation is driven by client needs
and customer partnerships, allowing FTSE Russell to continually enhance the
breadth, depth and reach of its offering.
FTSE Russell is wholly owned by London Stock Exchange Group.
For more information, visit ftserussell.com.

To learn more, visit ftserussell.com; email info@ftserussell.com;
or call your regional Client Service Team office:
EMEA
+44 (0) 20 7866 1810
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