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Hedging 2.0 — A Brief
Introduction to Designing a
Defensive Portfolio

We introduce a framework for the construction of systematic
strategy portfolios providing reliable diversification in equity
drawdowns. In backtesting, our approach does not suffer from
negative carry as option hedges do. Clustering, strategy
modulations, and dynamic exposure accentuate the profile.

Our defensive framework allows investors to achieve a return profile that
diversifies in equity market drawdowns. Our strategy has a negative
downside beta to equities of -0.24, illustrating that it delivers on average
positive returns when equity markets draw down. A particularly attractive
feature of our approach is that it achieves this defensiveness together with
positive long-run returns (+1.7% per annum). This puts our framework in
stark contrast to more traditional option hedging programs, which also

provide defensiveness but come with a negative carry.

The framework can be described in three main steps: (1) clustering of
strategies, (2) construction of style portfolios, and (3) combining those
style portfolios to achieve a prescribed defensive return profile. We
develop a proprietary algorithm that screens a large range of systematic
strategies for their usefulness in our framework. The selected strategies
are classified into three buckets: hedge, convexity, carry. The strategies
selected in each bucket are combined using a portfolio construction
approach specific to the respective bucket. The results of this approach are
three style portfolios that show distinct risk-return profiles. We can
combine such style portfolios to achieve a specific defensive return profile
tailored to provide diversifying returns to an underlying portfolio. The
diversifying return profile is generally built to deliver positive returns when
equity markets draw down. However, our approach is flexible and can
provide diversification versus any reference portfolio.

Modulations to strategies can help accentuate the defensive return
profile. We look at the selection of signals, investment universe and
portfolio construction in strategies to enhance their return profile and
make them more useful building blocks in the style portfolios. In this
publication, we also look into the dynamic exposures of hedges in

particular, and how this can improve the return-risk profile.
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Introduction to our defensive framework

Recent years saw investors extend traditional systematic hedges to more elaborate
frameworks for defensive overlays (i.e, overlays providing positive expected returns
when markets sell off). The motivation for this step has frequently been the desire to
reduce the negative carry of traditional hedging programs while still being able to have a
reliable protection in market drawdowns. This evolution in the construction of
protection strategies is based on the insight that there is a more gradual tradeoff

between the responsiveness/reliability of a protection strategy and its cost.

This section focuses on an introduction to our defensive framework and a specific
example which is constructed to deliver diversification against equity market
drawdowns. However, it is important to highlight that our framework can be calibrated
to be defensive versus any portfolio an investor may have in mind (e.g., traditional 60%
equity and 40% bonds, bonds only, etc). Furthermore, we can modulate the degree of
certainty and responsiveness of diversification in market sell-offs to obtain either more
or less carry and market upside capture.

Our defensive framework essentially consists of three steps: (1) classification of
strategies, (2) construction of style portfolios, and (3) combination of style portfolios to
achieve a defensive return profile. We provide in the following sections more detail on
each one of these steps.

Classification of strategies

When we accept that strategies have persistent characteristics, it makes sense to start
the design of a defensive portfolio framework by classifying strategies by those
characteristics. Once we have groups of strategies with similar characteristics we can
start building portfolios of them.

While there are different ways to classify strategies for a defensive framework, we
believe it is instructive to categorize systematic strategies into three main categories (or
styles):

e Hedging

© (Category contains strategies that exhibit an option-driven return profile: fairly certain
protection in market drawdowns over shorter or longer periods. However, this comes at
the price of negative returns in the long run. Generally, strategies in this bucket are based
on option-type instruments.

e Convexity

0 Category contains strategies that show a U- or V-shaped return profile. It contains
strategies that tend to do well in times when underlying markets move significantly —
positive or negative moves — but defensiveness is based on economic links and not as
reliable as hedging strategies. The advantage over hedging strategies is that the returns
are expected to be positive in the long run.
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e Carry

o (Category contains strategies which exhibit a return profile that shows consistent positive
returns over time. Selected systematic strategies tend to have negligible exposures to
market drawdowns. The consistent and strong risk-adjusted returns of this style of
strategy can be used to drive overall portfolio carry or finance exposure to hedging
strategies.

When we classify strategies in those three styles — hedging, convexity, and carry — we
apply a systematic framework. While this classification is systematic, we would like to
stress that fundamental characteristics of strategies should also be taken into account.

Construction of style portfolios

After selecting and classifying a large range of strategies by their characteristics, we
build portfolios for each one of the three style categories.

Building portfolios of strategies with similar characteristics — so-called style portfolios —
is a step which helps accentuate the return profiles of this group of strategies. By
combining a range of strategies with similar return profiles, noise will be reduced and
the systematic characteristics these strategies share will become more consistent. This
effect makes our style portfolios more reliable tools in the construction of specific
defensive return profiles compared with using individual strategies.

Exhibit 1: Idealized payoff profiles of the carry, convexity and hedging style portfolio
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Source: Morgan Stanley Research

For the convexity and carry buckets, we chose a risk-based portfolio allocation, which

ensures a maximum degree of diversification. For the hedging bucket, we use the more
deterministic option-based return profiles and combine strategies to obtain a hockey-

stick type payoff with a minimum degree of carry. Note that for the hedging portfolios
we can adapt the profile to any structured payoff which is attainable with derivatives.
We illustrate those three profiles in idealized form in Exhibit 1, where the x-axis shows
equity market returns and the y-axis strategy performance.



Morgan Stanley | researcs IDEA
Combining style portfolios to the top-line defensive portfolio

Next we define a specific desired defensive return profile. We can use statistical methods
to weight the carry, convexity, and hedging style portfolios to achieve this wished-for
profile. This step benefits from the robustness our clustering step provides for the style
portfolio return characteristics. This weighting of style portfolios can be done either
through (1) calibrating to historical returns or (2) scenario analysis.

Exhibit 2: Combining style portfolios to achieve the desired defensive return profile

W

Defensive Return Profile

Source: Morgan Stanley Research

We believe that the historical and scenario-based approach for the sizing of the three
style portfolios are complementary. However, weighing the pros and cons, we put most
weight on the historical component as long as we can use a long enough history. This
approach is effective due to the robustness we observe in defensive characteristics over
time. Furthermore, the dynamism of strategies which adapt weights in response to
market behavior is hard to simulate efficiently, making an empirical approach more
suitable to capture return characteristics.

Concrete example for an implementation of the described
framework

The described process can be implemented in a variety of ways. We present here a
specific simplified example to illustrate the empirical characteristics of the outlined
defensive framework. Our backtest runs from January 2006 until June 2022.

We first take a broad universe of systematic strategies in various asset classes (equities,
commodities, rates, credit, FX) and styles (carry, value, momentum, quality, Low risk,
volatility, and others). Amongst this broad universe, our framework selects and classifies

a subset of strategies into the three buckets using a statistical approach.

Exhibit 3 to Exhibit 6 show the cumulative return and convexity charts of the resulting
style portfolios. The performance of carry, convexity, and hedging strategies is roughly
in line with our objectives in framework design (compare Exhibit 1).

We find a resilient return of the carry portfolio in equity market drawdowns, which is
indicated by the flat second-degree polynomials in Exhibit 4. Defensive characteristics
(i.e, positive average returns when equities are down) are shown for the convex and
hedge style portfolios. However, we observe a much closer “tracking” of the fitted
second-degree polynomial for the hedge strategies due to the mathematical link
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Exhibit 3: Cumulative performance

between price of the underlying derivatives and the equity market returns. Thus, while
the hedge portfolio has a negative carry (CAGR of -1.8%, post in-sample volatility scaling
to 5% annualized), it delivers reliability. Our convexity style portfolio has positive carry
(CAGR of 4.7%, post in-sample volatility scaling to 5% annualized) while still delivering
defensiveness — although not as reliable as the hedge style portfolio. The trade-off in
choosing allocations to convex and hedge style portfolios is one related to weighing
reliability in defensiveness versus a negative return drift on the portfolio.

Exhibit 4: Convexity chart for carry portfolio

B 60d return & 5dreturn 01—60d return  =——5d return

350 —— Carry Convex ——Hedge =
]
o
300
250
200
150 0.2 . | . . 0.15
100 e MSCI World
e . [
50
NERSERSERNEENTENEIN NI SN I BN N I S D2 :
T FFFFFFSFSFSFSFTSTS S 04
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Exhibit 5: Convexity chart for convexity portfolio
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Exhibit 6: Convexity chart for hedge portfolio
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Source: Morgan Stanley Research, Bloomberg

On the basis of these building blocks we can now construct a defensive portfolio whose

aim is to deliver:
e Flat to positive carry
® Reliable compensation for equity market losses in deep sell-offs

We achieve this objective by allocating to our style portfolios, where the weights are
determined through our systematic defensive framework algorithm.

Our approach gives us a portfolio with strong defensive characteristics and good
diversification power versus a common 60:40 portfolio — which is dominated by equity
market performance. The defensive portfolio itself achieves an average annual return of
+1.7%, which will add to the performance of the balanced portfolio we are overlaying
(see Exhibit 7). Adding an overlay of 100% to the balanced portfolio significantly
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improves the reward-risk ratio (from 0.47 to 0.84). Furthermore, we see a substantial
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improvement of the maximum drawdown to volatility metric, which reduces in
magnitude from -3.76 for the balanced portfolio to -2.66 when including the overlay.

Exhibit 7: Performance statistics of defensive portfolio as overlay to Exhibit 8: Cumulative return chart of defensive portfolio as overlay to

an equity-bond base portfolio

an equity-bond base portfolio

Statistics Defensive Balanced Defensive + Balanced . .
CAGR 1.7% 5.0% 7.0% 400 ——Defensive Balanced ~——Defensive + Balanced

lized Vol 4.5% 10.5% 8.4%) 350
CAGR / Vol 0.37 0.47 0.84] 300
Max DD -15.8% -39.3% -22.3%
Max DD / Vol 3.51 3.76 2.66 250
Calmar Ratio 0.11 0.13 0.32 200
Sortino Ratio 0.59 0.65 1.22 150
VaR (1%, Monthly) -2.8%) -9.9% -5.9%)
CVaR (1%, ly) -3.8% 14.7% 7.3% 100
Hit Rate ( hly) 48.7% 63.3% 65.2% 50
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Source: Morgan Stanley Research, Bloomberg Source: Morgan Stanley Research, Bloomberg
Exhibit 9: Performance in market stress periods
Crisis event Start End Defensive Balanced Defensive + Balanced
GFC 2008 3/13/2008 10/10/2008 9.6% -24.9% -17.1%)
Flash Crash 2010 5/5/2010 5/25/2010 1.9% -5.7% -4.0%
Greek Debt Crisis 2011 7/22/2011 8/9/2011 5.0% -7.8% -3.1%
Taper Tantrum 2013 5/22/2013 6/24/2013 0.7% -4.9% -4.2%
Chinese Stock Market Turbulence 2015 8/17/2015 8/25/2015 1.3% -5.3% -4.1%
Brexit 2016 6/23/2016 6/27/2016 1.9% -4.3% -2.4%
VIX Crash 2018 1/26/2018 2/9/2018 1.2% -5.8% -4.7%
Q42018 10/3/2018 12/24/2018 3.2% -10.1% -7.2%
COVID-19 2/19/2020 3/24/2020 15.1% -18.4% -5.4%
Mean 4.4% -9.7% -5.8%
Medi 1.9% -5.8% -4.2%
Std 4.9% 7.2% 4.5%|

Source: Morgan Stanley Research, Bloomberg

In Exhibit 9, we find that the defensive portfolio has reliable positive returns in stress
periods. Combining an investment in the balanced portfolio with an allocation of equal
size to the defensive overlay, increases average returns in market distress from -9.7% to
-5.8%, significantly reducing the pro-cyclicality of the balanced portfolio. The effects are
the most pronounced in the global financial crisis and the COVID-19 market sell-off,
where the losses of the balanced portfolio are reduced by 7.7% and 13.0%, respectively.

One note about performance in H12022. While an equity and rates market sell-off
drove losses in the balanced portfolio, we saw some diversification benefits from the
defensive portfolio. Overall, the defensive portfolio added +2% in returns in H12022.
However, compared to the -18% drawdown in the balanced portfolio, this is less
defensiveness than we have seen in other market drawdowns over our backtesting
period. Nevertheless, this performance stands in stark contrast to the negative drift of
traditional hedge portfolios in the long run. In fact, our framework is rather flexible and
allows to target specific levels of drawdown mitigation, upside, and carry. The individual
style portfolios give us indications of the boundaries of what the approach can achieve.

In summary, this section illustrated how clustering can help achieve style portfolios with
persistent return profiles. Backtesting shows that these style portfolios can be

combined to achieve reliable defensive return profiles with positive carry.

A note about backtesting: The performance data provided is a hypothetical illustration of
mathematical principles, it does not predict or project the performance of an investment or

investment strategy. Past performance is no guarantee of future results.
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Dynamic hedging strategies

Empirical characteristics of equity market sell-offs

Investors may still be wondering if we can reduce the negative drift to hedging strategies
(compare Exhibit 3). We find that a dynamic modulation of hedging exposures over time
can help reduce the negative drift. We outline the process in this section.

Exhibit 10: Long-run performance characteristics of the S&P 500 index
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Source: Morgan Stanley Research, Bloomberg

Our starting point is the analysis of almost 100 years of S&P 500 performance (see
Exhibit 10). We find that we can use past S&P 500 price action to construct conditional
kernel distributions for expected returns of the index (see Exhibit 11).

Exhibit 11: Conditional return distributions of the S&P 500 over different holding periods
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These conditional distributions are relevant as they allow us to change the exposures of
our put hedges systematically to chose the right balance between defensiveness and
negative carry. We note that these results hold generally for various equity indices and

can be used as orientation points to think about hedges in equity markets across the
globe.

Constructing dynamic systematic hedge strategies based on this
information

Based on these insights, we modify a standard systematic put-buying strategy to

dynamically adjust exposures. We use this modified put-buying strategy in our hedge
style portfolio.

As illustrated in Exhibit 12, using a systematic put buying strategy with dynamic
exposures helps improve the overall performance of our hedge style portfolio.
However, we want to emphasize that the backtesting period is rather short, as data
availability constraints prevent us from backtesting further back. That said, running
longer backtests with proxies confirms the benefits of dynamic exposures.

Exhibit 12: Payoff profiles of a hedge style portfolio with dynamic exposure for systematic long
put component
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Source: Morgan Stanley Research, Bloomberg

From a visual angle, we find that in 2008 the performance of the hedge style portfolio
with the dynamic hedge exposure is less defensive as markets draw down but gives up
less when markets recover. After the COVID sell-off, the strategy preserves more of its
gains with the dynamic approach. While this improved performance is mainly driven by
these two drawdown periods, approximations of the strategy further into the past confirm
the benefits versus traditional hedge portfolios in the long run.

Average returns increase from -2.4% per year for our base hedge portfolio to -1.7% for
the dynamic strategy. The positive skewness of the strategy improves further when
choosing a dynamic exposure approach (from 3.27 to 5.39). We show in Exhibit 13 and



Morgan Stanley | researcn IDEA

Exhibit 14 the convexity charts for our hedge style portfolios. For extreme negative
market returns, we see that dynamic hedge exposures lead to loss in defensiveness: for
equities down about 40% we gain in excess of 25% for the base hedge style portfolio
but less than 20% for the dynamic hedge style portfolio. However, the dynamic strategy
significantly outperforms in market recoveries where we lose the negative right tail from
the base strategy. Furthermore, we preserve more returns in the mid ranges of MSCI

returns. Thus, there is a trade-off between the negative drag and hedge reliability.

Exhibit 13: Convexity profile of hedge style portfolio: Base hedge Exhibit 14: Convexity profile of hedge style portfolio: Hedge portfolio
portfolio with dynamic exposures
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This positive impact of the dynamic exposure also feeds through into the performance
of the overall defensive framework (compare Exhibit 15). A dynamic hedge exposure
leads to better Sharpe ratio (0.37 versus 0.47) and higher average returns (1.7% versus
21%). It has also a lower magnitude of maximum drawdown by volatility (-3.51 versus -
1.94), while defensiveness in periods of equity market drawdowns is only marginally
affected (MSCI downside beta changes from -0.24 to -0.26 for the dynamic approach).

There are also benefits to using a defensive overlay with dynamic hedge exposures
when combining with a balanced portfolio. Dynamic exposure leads to stronger returns
(from 7.0% to 7.5%). The return-risk ratio increases to 0.93 from the 0.84 baseline. The
only downside is that the maximum drawdown to volatility ratio deteriorates when

using the dynamic exposures — although results remain better than using no overlay.

Exhibit 15: Impact of dynamic exposures in a systematic long put strategy on the performance of a defensive framework

DefenSive * BalanCEd
Statistics

Base Hedge Hedge with Dynamic Exposure Base Hedge Hedge with Dynamic Exposure

CAGR 5.0% 1.7% 2.1% 7.0% 7.5%
Annualized Vol 10.5% 4.5% 4.4% 8.4% 8.0%
CAGR / Vol 0.47 0.37 0.47 0.84 0.93
Max DD -39.3% -15.8% -8.6% -22.3% -26.1%
Max DD / Vol -3.76 -3.51 -1.94 -2.66 -3.25
Calmar Ratio 0.13 0.11 0.24 0.32 0.29
Sortino Ratio 0.65 0.59 0.78 1.22 1.37
VaR (1%, Monthly) -9.9% -2.8% -2.3% -5.9% -5.9%
CVaR (1%, Monthly) -14.7% -3.8% -2.9% -7.3% -8.1%
Hit Rate (Monthly) 63.3% 48.7% 49.5% 65.2% 65.4%
Skewness -0.54 2.53 4.14 -0.05 0.30
Excess Kurtosis 11.61 53.07 87.75 8.05 9.25

Source: Morgan Stanley Research, Bloomberg
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Conclusion

In this publication, we discuss our defensive framework. The goal of this framework is to
identify specific levers investors can pull to tailor the characteristics of a portfolio of
systematic strategies to specific investment objectives. Put differently, we aim to identify
trade-offs investors can make to target a specified return profile by combining
systematic strategies. In our study, we try to achieve a reliable positive return on our
defensive framework when equity markets draw down, while keeping carry flat to

positive.

In order to isolate the trade-off investors face more clearly, we classify systematic
strategies into three style portfolios: hedge, convexity and carry. The resulting style
portfolios show a characteristic and distinct return profile. We utilize these
characteristics to combine the three style portfolios to obtain a target return profile,
which shows reliable defensive return behaviour while not suffering from the same drag
a pure options-based hedge does.

The reliability of the defensive portfolio return profile can be enhanced further by a
careful construction of the individual strategies that make up the portfolio. We have
previously published on how one can make systematic strategies more defensive
through signal selection, investment universe choice, and asset weighting approaches
(compare here, for example). This construction step allows investors to regulate
strategy characteristics.

We discuss in this publication another lever investors might want to consider: dynamic
exposures in hedging strategies. This feature allows investors to trade off certainty in
systematic hedges versus an improved carry characteristic. Our introduction to the topic
showed attractive return features to a dynamic hedging approach. Please refer to our
publication Hedging 2.0 — Designing a Defensive Portfolio for a deep dive.

10
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Owerweight, Equal-weight, Not-Rated and Underweight. Morgan Stanley does not assign ratings of Buy, Hold or Sell to the stocks we cower. Overweight,
Equal-weight, Not-Rated and Underweight are not the equivalent of buy, hold, and sell but represent recommended relative weightings (see definitions below).
To satisfy regulatory requirements, we correspond Overweight, our most positive stock rating, with a buy recommendation; we correspond Equal-weight and
Not-Rated to hold and Underweight to sell recommendations, respectively.
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COVERAGE UNIVERSE ~ INVESTMENT BANKING CLIENTS (IBC) OTHER MATERIAL
INVESTMENT SERVICES
CLIENTS (MISC)

STOCK RATING COUNT %OF  COUNT % OF %OF  COUNT % OF

CATEGORY TOTAL TOTALIBC  RATING TOTAL

CATEGORY OTHER

MISC

Overweight/Buy 1366 39% 318 42% 23% 593 39%

Equal-weight/Hold 1559 44% 357 47% 23% 708 46%

Not-Rated/Hold 0 0% 0 0% 0% 0 0%

Underweight/Sell 613 17% 91 12% 15% 226 15%
TOTAL 3,538 766 1527

Data include common stock and ADRs currently assigned ratings. Investment Banking Clients are companies from whom Morgan Stanley received investment
banking compensation in the last 12 months. Due to rounding off of decimals, the percentages provided in the "% of total" column may not add up to exactly
100 percent.

Analyst Stock Ratings

Owerweight (O or Ower) - The stock's total retum is expected to exceed the total retum of the relevant country MSCI Index or the average total retum of the
analyst's industry (or industry team's) coverage universe, on a risk-adjusted basis over the next 12-18 months.

Equal-weight (E or Equal) - The stock's total retum is expected to be in line with the total retum of the relevant country MSCI Index or the average total retum
of the analyst's industry (or industry team's) coverage universe, on a risk-adjusted basis over the next 12-18 months.

Not-Rated (NR) - Currently the analyst does not have adequate conviction about the stock'’s total retum relative to the relevant country MSCI Index or the
awerage total return of the analyst's industry (or industry team's) coverage universe, on a risk-adjusted basis, over the next 12-18 months.

Underweight (U or Under) - The stock’s total retum is expected to be below the total retum of the relevant country MSCI Index or the average total retum of the
analyst's industry (or industry team's) coverage universe, on a risk-adjusted basis, over the next 12-18 months.

Unless otherwise specified, the time frame for price targets included in Morgan Stanley Research is 12 to 18 months.

Analyst Industry Views

Attractive (A): The analyst expects the performance of his or her industry coverage universe over the next 12-18 months to be attractive vs. the relevant broad
market benchmark, as indicated below.

In-Line (I): The analyst expects the performance of his or her industry coverage universe over the next 12-18 months to be in line with the relevant broad market
benchmark, as indicated below.

Cautious (C): The analyst views the performance of his or her industry coverage universe ower the next 12-18 months with caution vs. the relevant broad market
benchmark, as indicated below.

Benchmarks for each region are as follows: North America - S&P 500; Latin America - relevant MSCI country index or MSCI Latin America Index; Europe -
MSCI Europe; Japan - TOPIX, Asia - relevant MSCI country index or MSCI sub-regional index or MSCI AC Asia Pacific ex Japan Index.

Important Disclosures for Morgan Stanley Smith Barney LLC & E*TRADE Securities LLC Customers
Important disclosures regarding the relationship between the companies that are the subject of Morgan Stanley Research and Morgan Stanley Smith Bamey
LLC or Morgan Stanley or any of their affiliates, are available on the Morgan Stanley Wealth Management disclosure website at
www.morganstanley.com/online/researchdisclosures. For Morgan Stanley specific disclosures, you may refer to
www.morganstanley.com/researchdisclosures.

Each Morgan Stanley research report is reviewed and approved on behalf of Morgan Stanley Smith Bamey LLC and E*TRADE Securities LLC. This review and
approval is conducted by the same person who reviews the research report on behalf of Morgan Stanley. This could create a conflict of interest.

Other Important Disclosures

Morgan Stanley Research policy is to update research reports as and when the Research Analyst and Research Management deem appropriate, based on
dewelopments with the issuer, the sector, or the market that may have a material impact on the research views or opinions stated therein. In addition, certain
Research publications are intended to be updated on a regular periodic basis (weekly/monthly/quarterly/annual) and will ordinarily be updated with that
frequency, unless the Research Analyst and Research Management determine that a different publication schedule is appropriate based on current conditions.
Morgan Stanley is not acting as a municipal advisor and the opinions or views contained herein are not intended to be, and do not constitute, advice within the
meaning of Section 975 of the Dodd-Frank Wall Street Reform and Consumer Protection Act.

Morgan Stanley produces an equity research product called a "Tactical Idea." Views contained in a "Tactical Idea" on a particular stock may be contrary to the
recommendations or views expressed in research on the same stock. This may be the result of differing time horizons, methodologies, market events, or other
factors. For all research available on a particular stock, please contact your sales representative or go to Matrix at http://www.morganstanley.com/matrix.
Morgan Stanley Research is provided to our clients through our proprietary research portal on Matrix and also distributed electronically by Morgan Stanley to
clients. Certain, but not all, Morgan Stanley Research products are also made available to clients through third-party vendors or redistributed to clients through
altemate electronic means as a convenience. For access to all available Morgan Stanley Research, please contact your sales representative or go to Matrix at
http://www.morganstanley.com/matrix.

Any access and/or use of Morgan Stanley Research is subject to Morgan Stanley's Terms of Use (http://www.morganstanley.com/terms.html). By accessing
and/or using Morgan Stanley Research, you are indicating that you have read and agree to be bound by our Terms of Use
(http://www.morganstanley.com/terms.html). In addition you consent to Morgan Stanley processing your personal data and using cookies in accordance with
our Privacy Policy and our Global Cookies Policy (http://www.morganstanley.com/privacy_pledge.html), including for the purposes of setting your preferences
and to collect readership data so that we can deliver better and more personalized senice and products to you. To find out more information about how Morgan
Stanley processes personal data, how we use cookies and how to reject cookies see our Privacy Policy and our Global Cookies Policy
(http://www.morganstanley.com/privacy_pledge.html).

If you do not agree to our Terms of Use and/or if you do not wish to provide your consent to Morgan Stanley processing your personal data or using cookies
please do not access our research.

Morgan Stanley Research does not provide individually tailored investment advice. Morgan Stanley Research has been prepared without regard to the
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circumstances and objectives of those who receiwe it. Morgan Stanley recommends that investors independently evaluate particular investments and
strategies, and encourages investors to seek the advice of a financial adviser. The appropriateness of an investment or strategy will depend on an investor's
circumstances and objectives. The securities, instruments, or strategies discussed in Morgan Stanley Research may not be suitable for all investors, and
certain investors may not be eligible to purchase or participate in some or all of them. Morgan Stanley Research is not an offer to buy or sell or the solicitation
of an offer to buy or sell any security/instrument or to participate in any particular trading strategy. The value of and income from your investments may vary
because of changes in interest rates, foreign exchange rates, default rates, prepayment rates, securities/instruments prices, market indexes, operational or
financial conditions of companies or other factors. There may be time limitations on the exercise of options or other rights in securities/instruments
transactions. Past performance is not necessarily a guide to future performance. Estimates of future performance are based on assumptions that may not be
realized. If provided, and unless otherwise stated, the closing price on the cover page is that of the primary exchange for the subject company's
securities/instruments.

The fixed income research analysts, strategists or economists principally responsible for the preparation of Morgan Stanley Research have received
compensation based upon various factors, including quality, accuracy and value of research, firm profitability or revenues (which include fixed income trading
and capital markets profitability or revenues), client feedback and competitive factors. Fixed Income Research analysts', strategists' or economists'
compensation is not linked to investment banking or capital markets transactions performed by Morgan Stanley or the profitability or revenues of particular
trading desks.

The "Important Regulatory Disclosures on Subject Companies” section in Morgan Stanley Research lists all companies mentioned where Morgan Stanley
owns 1% or more of a class of common equity securities of the companies. For all other companies mentioned in Morgan Stanley Research, Morgan Stanley
may have an investment of less than 1% in securities/instruments or derivatives of securities/instruments of companies and may trade them in ways different
from those discussed in Morgan Stanley Research. Employees of Morgan Stanley not involved in the preparation of Morgan Stanley Research may havwe
investments in securities/instruments or derivatives of securities/instruments of companies mentioned and may trade them in ways different from those
discussed in Morgan Stanley Research. Derivatives may be issued by Morgan Stanley or associated persons.

With the exception of information regarding Morgan Stanley, Morgan Stanley Research is based on public information. Morgan Stanley makes every effort to
use reliable, comprehensive information, but we make no representation that it is accurate or complete. We have no obligation to tell you when opinions or
information in Morgan Stanley Research change apart from when we intend to discontinue equity research cowerage of a subject company. Facts and views
presented in Morgan Stanley Research have not been reviewed by, and may not reflect information known to, professionals in other Morgan Stanley business
areas, including investment banking personnel.

Morgan Stanley Research personnel may participate in company events such as site \isits and are generally prohibited from accepting payment by the
company of associated expenses unless pre-approved by authorized members of Research management.

Morgan Stanley may make investment decisions that are inconsistent with the recommendations or views in this report.

To our readers based in Taiwan or trading in Taiwan securities/instruments: Information on securities/instruments that trade in Taiwan is distributed by Morgan
Stanley Taiwan Limited ("MSTL"). Such information is for your reference only. The reader should independently evaluate the investment risks and is solely
responsible for their investment decisions. Morgan Stanley Research may not be distributed to the public media or quoted or used by the public media without
the express written consent of Morgan Stanley. Any non-customer reader within the scope of Article 7-1 of the Taiwan Stock Exchange Recommendation
Regulations accessing and/or receiving Morgan Stanley Research is not permitted to provide Morgan Stanley Research to any third party (including but not
limited to related parties, affiliated companies and any other third parties) or engage in any activities regarding Morgan Stanley Research which may create or
give the appearance of creating a conflict of interest. Information on securities/instruments that do not trade in Taiwan is for informational purposes only and is
not to be construed as a recommendation or a salicitation to trade in such securities/instruments. MSTL may not execute transactions for clients in these
securities/instruments.

Certain information in Morgan Stanley Research was sourced by employees of the Shanghai Representative Office of Morgan Stanley Asia Limited for the use
of Morgan Stanley Asia Limited.

Morgan Stanley is not incorporated under PRC law and the research in relation to this report is conducted outside the PRC. Morgan Stanley Research does
not constitute an offer to sell or the solicitation of an offer to buy any securities in the PRC. PRC investors shall hawe the relevant qualifications to invest in
such securities and shall be responsible for obtaining all relevant approvals, licenses, \erifications and/or registrations from the relevant governmental
authorities themselves. Neither this report nor any part of it is intended as, or shall constitute, provision of any consultancy or advisory senice of securities
investment as defined under PRC law. Such information is provided for your reference only.

Morgan Stanley Research is disseminated in Brazil by Morgan Stanley C.T.V.M. S.A. located at Av. Brigadeiro Faria Lima, 3600, 6th floor, S&o Paulo - SP,
Brazil; and is regulated by the Comissao de Valores Mobiliarios; in Mexico by Morgan Stanley México, Casa de Bolsa, S.A. de C.V which is regulated by
Comision Nacional Bancaria y de Valores. Paseo de los Tamarindos 90, Torre 1, Col. Bosques de las Lomas Floor 29, 05120 Mexico City; in Japan by
Morgan Stanley MUFG Securities Co., Ltd. and, for Commodities related research reports only, Morgan Stanley Capital Group Japan Co., Ltd; in Hong Kong
by Morgan Stanley Asia Limited (which accepts responsibility for its contents) and by Morgan Stanley Bank Asia Limited; in Singapore by Morgan Stanley
Asia (Singapore) Pte. (Registration number 1992062982) and/or Morgan Stanley Asia (Singapore) Securities Pte Ltd (Registration number 200008434H),
regulated by the Monetary Authority of Singapore (which accepts legal responsibility for its contents and should be contacted with respect to any matters
arising from, or in connection with, Morgan Stanley Research) and by Morgan Stanley Bank Asia Limited, Singapore Branch (Registration number
T14FC0118J); in Australia to "wholesale clients" within the meaning of the Australian Corporations Act by Morgan Stanley Australia Limited A.B.N. 67 003 734
576, holder of Australian financial senices license No. 233742, which accepts responsibility for its contents; in Australia to "wholesale clients" and "retail
clients" within the meaning of the Australian Corporations Act by Morgan Stanley Wealth Management Australia Pty Ltd (A.B.N. 19 009 145 555, holder of
Australian financial senices license No. 240813, which accepts responsibility for its contents; in Korea by Morgan Stanley & Co Intemational plc, Seoul
Branch; in India by Morgan Stanley India Company Private Limited; in Canada by Morgan Stanley Canada Limited, which has approved of and takes
responsibility for its contents in Canada; in Germany and the European Economic Area where required by Morgan Stanley Europe S.E., authorised and
regulated by Bundesanstalt fuer Finanzdienstleistungsaufsicht (BaFin) under the reference number 149169; in the US by Morgan Stanley & Co. LLC, which
accepts responsibility for its contents. Morgan Stanley & Co. Intemational plc, authorized by the Prudential Regulatory Authority and regulated by the
Financial Conduct Authority and the Prudential Regulatory Authority, disseminates in the UK research that it has prepared, and approves solely for the
purposes of section 21 of the Financial Senices and Markets Act 2000, research which has been prepared by any of its affiliates. RMB Morgan Stanley
Proprietary Limited is a member of the JSE Limited and A2X (Pty) Ltd. RMB Morgan Stanley Proprietary Limited is a joint venture owned equally by Morgan
Stanley Intemational Holdings Inc. and RMB Investment Advisory (Proprietary) Limited, which is wholly owned by FirstRand Limited. The information in Morgan
Stanley Research is being disseminated by Morgan Stanley Saudi Arabia, regulated by the Capital Market Authority in the Kingdom of Saudi Arabia , and is
directed at Sophisticated investors only.

The information in Morgan Stanley Research is being communicated by Morgan Stanley & Co. Intemational plc (DIFC Branch), regulated by the Dubai
Financial Senices Authority (the DFSA), and is directed at Professional Clients only, as defined by the DFSA. The financial products or financial senices to
which this research relates will only be made available to a customer who we are satisfied meets the regulatory criteria to be a Professional Client. A
distribution of the different MS Research ratings or recommendations, in percentage terms for Investments in each sector covered, is available upon request
from your sales representative.

The information in Morgan Stanley Research is being communicated by Morgan Stanley & Co. Intemational plc (QFC Branch), regulated by the Qatar
Financial Centre Regulatory Authority (the QFCRA), and is directed at business customers and market counterparties only and is not intended for Retail
Customers as defined by the QFCRA.
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As required by the Capital Markets Board of Turkey, investment information, comments and recommendations stated here, are not within the scope of
investment advisory activity. Investment advisory senice is provided exclusively to persons based on their risk and income preferences by the authorized firms.
Comments and recommendations stated here are general in nature. These opinions may not fit to your financial status, risk and retum preferences. For this
reason, to make an investment decision by relying solely to this information stated here may not bring about outcomes that fit your expectations.
The trademarks and senice marks contained in Morgan Stanley Research are the property of their respective owners. Third-party data providers make no
warranties or representations relating to the accuracy, completeness, or timeliness of the data they provide and shall not hawe liability for any damages relating
to such data. The Global Industry Classification Standard (GICS) was developed by and is the exclusive property of MSCl and S&P.
Morgan Stanley Research, or any portion thereof may not be reprinted, sold or redistributed without the written consent of Morgan Stanley.
Indicators and trackers referenced in Morgan Stanley Research may not be used as, or treated as, a benchmark under Regulation EU 2016/1011, or any other
similar framework.
The issuers and/or fixed income products recommended or discussed in certain fixed income research reports may not be continuously followed. Accordingly,
investors should regard those fixed income research reports as providing stand-alone analysis and should not expect continuing analysis or additional reports
relating to such issuers and/or individual fixed income products.
Morgan Stanley may hold, from time to time, material financial and commercial interests regarding the company subject to the Research report.

© 2022 Morgan Stanley

14



	Content
	Quantitative Investment Strategies
	| Global
	Hedging 2.0 – A Brief Introduction to Designing a Defensive Portfolio

	Introduction to our defensive framework
	Classification of strategies
	Construction of style portfolios

	Idealized payoff profiles of the carry, convexity and hedging style portfolio
	Combining style portfolios to the top-line defensive portfolio

	Combining style portfolios to achieve the desired defensive return profile
	Concrete example for an implementation of the described framework

	Cumulative performance
	Exhibit 4:

	Convexity chart for carry portfolio
	Exhibit 5:

	Convexity chart for convexity portfolio
	Exhibit 6:

	Convexity chart for hedge portfolio
	Performance statistics of defensive portfolio as overlay to an equity-bond base portfolio
	Cumulative return chart of defensive portfolio as overlay to an equity-bond base portfolio
	Exhibit 9:

	Performance in market stress periods
	Dynamic hedging strategies
	Empirical characteristics of equity market sell-offs

	Long-run performance characteristics of the S&P 500 index
	Exhibit 11:

	Conditional return distributions of the S&P 500 over different holding periods
	Constructing dynamic systematic hedge strategies based on this information

	Payoff profiles of a hedge style portfolio with dynamic exposure for systematic long put component
	Convexity profile of hedge style portfolio: Base hedge portfolio
	Convexity profile of hedge style portfolio: Hedge portfolio with dynamic exposures
	Exhibit 15:

	Impact of dynamic exposures in a systematic long put strategy on the performance of a defensive framework
	Conclusion




