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Vol Vitals

Fading VIX Is Still Not Low
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Exhibit 1: Realized volatility has been materially lower in July than it was in May/June for equities,
rates, and credit; FX volatility has stayed elevated and commodity volatility has spiked
Monthly realized volatility
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®  We expect implied and realized volatility to remain above-average but far from

extreme. Investors’ perception that the VIX should be much higher than its current
24 level is driven by the comparison to its strong reaction to the early stages of this
selloff and the magnitude of volatility in the two most recent recessions. However,
there is plenty of precedent for realized vol well below 30 and even below 20 in-

strong SPX selloffs and even in recessions, so a low-20’s VIX would not be unusual.

In our view, the recent level of realized volatility (SPX realized vol has been 19% in
July) is sustainable, and could fall further. We see falling realized vol as the primary
driver of a return to positive volatility risk premium. With VIX option prices down
substantially and the VIX futures curve well upward-sloping, we like VIX put options:
Buy 17-Aug VIX 22-strike put for $0.30 (indic. mid. ref. fut. 26.3). Ongoing high
rates volatility, driven in part by poor liquidity, should keep a floor on equity volatility,
though, especially given how closely equity prices have been associated with cost
of capital changes this year.

Realized vol has reached a level generally not even seen in recessions. The
current level of 3-month realized vol (29%) is not only well above the level of realized
vol seen in each of the eleven recessions from 1945 to 2001, but it's higher than the
peak level of 3-month vol seen in or around each of those recessions (tied with the
peak in the 1973-75 recession). The Great Depression, the GFC, and COVID are
outliers compared with this larger sample. With plenty of room for realized volatility
to fall, even if there is a recession, we like strategies that benefit from realized
volatility falling well below implied vol, including timer puts.

Longer-term option prices continue to show excessive risk aversion. Despite
falling short-dated implied volatility and low skew, longerterm option markets
continue to exhibit strong risk aversion. VIX futures expiring in early 2023 are around
29, 90th percentile historically, and there continues to be a strong premium of
variance swap risk to at-the-money options for longerdated tenors. We see this as a
dislocation driven by the level of volatility seen in early 2020, that will only dissipate
slowly as time passes. In the meantime, strategies that sell longerdated options,
including call-selling (which also benefits from the elevated forward) continue to be
attractive.
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Exhibit 2: VIX puts’ implied volatility is at a 3-year low
VIX: 1-month 25-delta put implied volatility
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Source: Goldman Sachs Global Investment Research, Goldman Sachs Group Inc.

Exhibit 3: In most recessions, 3M SPX realized vol peaked below current realized vol
SPX realized volatility (%) during US recessions, and the peak level of 3-month realized volatility in the period
beginning 6 months before each recession and ending 6 months after the recession

70 - -
9 ° Current 3M RV (28.8%)
< 60 - e Peak 3M RV *
Z‘% 50 1 °
o
> 40 4
he}
(0]
N 30 -
3
o 20
&
Q10 -
O .
1929-1937- 1945 1948-1953-1957-1960- 1970 1973- 1980 1981-1990- 2001 2008- 2020
1933 1938 1949 1954 1958 1961 1975 1982 1991 2009
Recession

Source: Goldman Sachs Global Investment Research, Bloomberg, NBER

21 July 2022 3


D Z

D Z


Goldman Sachs

Vol Vitals

Exhibit 4: Longer-dated VIX futures are well ahove their pre-COVID range, reflecting persistent risk
aversion
Day count-weighted average of the 5th & 6th VIX futures
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Source: Goldman Sachs Global Investment Research, Bloomberg

Exhibit 5: Longer-dated convexity remains extreme - reflecting investors’ aversion to sell variance risk in
the aftermath of the COVID volatility spike
S&P 500: difference between variance swap rate and 50-delta implied vol, 10-day median
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Charts We Are Watching

21 July 2022

High interest rate volatility has pushed HYG implied vol to react more strongly than SPX
or CDX HY

Although implied vol has fallen materially for both rates and credit markets since recent
peak levels, the HYG's implied vol has separated from both the SPX and the CDX HY.
The key driver of this change is that the HYG is a total return product, and is therefore
driven by extremely high interest rate volatility. As has been the case for months, we
prefer SPX options and especially CDX HY swaptions over HYG options as hedges
against pure risk aversion.
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Exhibit 6: HYG implied vol is farther above its historical range than SPX or CDX HY because as a total

return product it is partially driven by rates volatility
SPX, HYG, and CDX HY swaption one-month 50-delta implied volatility, as a % of each underlying’s 2-year median
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Source: Goldman Sachs Global Investment Research, Goldman Sachs Group Inc.

Ultra-short-dated SPX option markets continue to thrive

The $425bin of soon-to-expire SPX option notional that traded on Tuesday (19-Jul)
expiring the same day marked a new record for SPX notional traded on one expiration in
one day. The four highest single-expiration volume days have all been in the past month,
including two Tuesday expirations that would not have existed prior to April. With the
activity scattered across strikes throughout the day, we see the volume as largely
algorithmic rather than reflecting strong investor views. The deep liquidity in
ultra-short-dated SPX options expiring daily facilitates increasingly tailored tactical
trading around events.

Exhibit 7: Tuesday (19-Jul) set a new record for SPX option notional traded for one expiration on one day
Largest notional SPX option volumes traded for an individual expiry on a single trading day (last 1M in dark blue)
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Source: Goldman Sachs Global Investment Research, OptionMetrics
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Exhibit 8: Tuesday's (19-Jul) record ultra-short-dated SPX option volume was broadly scattered across strikes and times of day
Volume in SPX 19-Jul options on 19-Jul, in 5-minute buckets; orange line is spot; markers proportional to volume (largest is 5k contracts, total daily
volume 1.1mm contracts)
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Dividend markets are pricing in a recession-like scenario

Dividend markets are pricing in nearzero dividend growth for the next decade. With
historical recessions averaging 1% dividend cuts and markets already pricing in more
cuts than that vs. 2022 dividends (the majority of which have already been paid), long
dividend strategies look asymmetrically favorable. Low implied dividends also push up
the SPX forward; we continue to like strategies that are short the forward, including

selling long-dated call options.

Exhibit 9: SPX dividend markets are pricing in a very bearish scenario
S&P 500 implied dividends now vs. two previous dates; dotted line indicates actual dividends paid in 2021
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Cross-index correlation has been rising in a macro-led market

Less than 18 months after hitting an all-time low of 23%, the 3-month correlation
between the Russell 2000 and NDX indices has approached its all-time high at 94%.
Similarly, other index pairs within the US equity market, including the Russell 1000
Growth and Value, have also seen a dramatic increase in correlation. \We see potential
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for sector dispersion ahead, and like strategies that economically sell index-pair

correlation.

Exhibit 10: Russell 2000-NDX correlation has surged from an all-time low 18 months ago to nearly an
all-time high in the current macro-led market
3M rolling correlation between Russell 2000 and NDX indices
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SPX Volatility Level: Even at the bottom of its range, the VIX is high
Exhibit 11: The VIX is at the bottom of its range Exhibit 12: Implied vol has been consistently high in 2022
SPX spot price and VIX index; 20-Jul highlighted Median 50-delta SPX implied volatility (x-axis spaced according to the square root of time to
maturity)
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Exhibit 13: Implied vol is well above pre-May levels across tenors Exhibit 14: The VIX has been well above its long-term median throughout 2022
VIX futures curve VIX index spot price: box plot shows 5/25/50/75/95th percentiles by period
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Vol Risk Premium: Implied vol has been below realized for the first extended period since pre-COVID

Exhibit 15: The VIX is no longer at a premium to its RV-implied level

VIX, and estimated VIX based on regression equation as a function of exponentially-weighted SPX

realized volatility (13-day half-life)
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Exhibit 16: Most key implied and realized vol metrics are in the 20-25 range
SPX implied volatility, SPX volatility indices, fixed-window realized volatility metrics, and
exponentially-weighted realized volatility metrics
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Exhibit 17: Implied vol is below recent realized vol across regions
3-month 50-delta implied volatility and exponentially-weighted realized volatility (26-day half-life),
sorted by implied-realized gap
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Exhibit 18: Realized vol has been slightly above ex-ante variance swap levels for the first
time since 2020

SPX variance swap price and subsequent 3-month realized volatility (realized vol to-date for the
last 3 months)
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Skew: SPX skew has been rising but remains very low

Exhibit 19: SPX skew has been rising following extreme lows in May/June

Exhibit 20: Unusually, SPX skew is below that of the EFA and E-Stoxx 50
SPX 25-delta put-vs.-call skew at each tenor, normalized by at-the-money

3-month 25-delta put vs 25-delta call implied volatility skew, normalized by at-the-money: box plot
shows 5/25/50/75/95th percentiles, last 3 years
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Exhibit 21: SPX skew remains well below its 2014-2021 range

S&P 500 3-month 25-delta put vs 25-delta call implied volatility skew, normalized by at-the-money;
box plot shows 5/25/50/75/95th percentiles

Exhibit 22: 3-month implied volatility skew is still at the bottom of its historical range

SPX 3-month 25-delta put vs 25-delta call implied volatility skew, normalized by at-the-money, 3-day
rolling median
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Liquidity: Top-of-book depth has been improving slowly

Exhibit 23: As volatility has faded, SPX futures liquidity has improved

3-day rolling E-mini future median top-of-book depth (Smm notional) and width (% of ticks exactly
25 cents wide), based on 1-minute intraday snapshots
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Exhibit 24: Top-of-book depth is still at a level associated with market stress despite recent
improvement

10-day rolling median E-mini future bid-ask depth ($mm notional), based on 5-minute intraday
snapshots
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Exhibit 25: In 2020-21, there was typically over $10mm on SPX futures’ bid/ask when the VIX
was in the 20-25 range

Median E-mini top-of-book depth ($mm notional) for each range of intraday VIX levels
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Exhibit 26: Despite surging SPX option volumes and high volatility, future and ETF volumes
have not risen this year

SPX future, option, and large ETF (SPY, IVV, VOO) average daily volumes, millions of “shares”
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The following disclosures are those required by the jurisdiction indicated, except to the extent already made above pursuant to United States laws and
regulations. Australia: Goldman Sachs Australia Pty Ltd and its affiliates are not authorised deposit-taking institutions (as that term is defined in the
Banking Act 1959 (Cth)) in Australia and do not provide banking services, nor carry on a banking business, in Australia. This research, and any access to
it, is intended only for “wholesale clients” within the meaning of the Australian Corporations Act, unless otherwise agreed by Goldman Sachs. In
producing research reports, members of the Global Investment Research Division of Goldman Sachs Australia may attend site visits and other
meetings hosted by the companies and other entities which are the subject of its research reports. In some instances the costs of such site visits or
meetings may be met in part or in whole by the issuers concerned if Goldman Sachs Australia considers it is appropriate and reasonable in the specific
circumstances relating to the site visit or meeting. To the extent that the contents of this document contains any financial product advice, it is general
advice only and has been prepared by Goldman Sachs without taking into account a client’s objectives, financial situation or needs. A client should,
before acting on any such advice, consider the appropriateness of the advice having regard to the client's own objectives, financial situation and needs.
A copy of certain Goldman Sachs Australia and New Zealand disclosure of interests and a copy of Goldman Sachs’ Australian Sell-Side Research
Independence Policy Statement are available at: https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html. Brazil: Disclosure
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information in relation to CVM Resolution n. 20 is available at https://www.gs.com/worldwide/brazil/area/gir/index.html. Where applicable, the
Brazil-registered analyst primarily responsible for the content of this research report, as defined in Article 20 of CVM Resolution n. 20, is the first author
named at the beginning of this report, unless indicated otherwise at the end of the text. Canada: This information is being provided to you for
information purposes only and is not, and under no circumstances should be construed as, an advertisement, offering or solicitation by Goldman Sachs
& Co. LLC for purchasers of securities in Canada to trade in any Canadian security. Goldman Sachs & Co. LLC is not registered as a dealer in any
jurisdiction in Canada under applicable Canadian securities laws and generally is not permitted to trade in Canadian securities and may be prohibited
from selling certain securities and products in certain jurisdictions in Canada. If you wish to trade in any Canadian securities or other products in
Canada please contact Goldman Sachs Canada Inc., an affiliate of The Goldman Sachs Group Inc., or another registered Canadian dealer. Hong Kong:
Further information on the securities of covered companies referred to in this research may be obtained on request from Goldman Sachs (Asia) L.L.C.
India: Further information on the subject company or companies referred to in this research may be obtained from Goldman Sachs (India) Securities
Private Limited, Research Analyst - SEBI Registration Number INHO00001493, 951-A, Rational House, Appasaheb Marathe Marg, Prabhadevi, Mumbai
400 025, India, Corporate Identity Number U74140MH2006FTC160634, Phone +91 22 6616 9000, Fax +91 22 6616 9001. Goldman Sachs may
beneficially own 1% or more of the securities (as such term is defined in clause 2 (h) the Indian Securities Contracts (Regulation) Act, 1956) of the
subject company or companies referred to in this research report. Japan: See below. Korea: This research, and any access to it, is intended only for
“professional investors” within the meaning of the Financial Services and Capital Markets Act, unless otherwise agreed by Goldman Sachs. Further
information on the subject company or companies referred to in this research may be obtained from Goldman Sachs (Asia) L.L.C., Seoul Branch. New
Zealand: Goldman Sachs New Zealand Limited and its affiliates are neither “registered banks"” nor “deposit takers” (as defined in the Reserve Bank of
New Zealand Act 1989) in New Zealand. This research, and any access to it, is intended for “wholesale clients” (as defined in the Financial Advisers Act
2008) unless otherwise agreed by Goldman Sachs. A copy of certain Goldman Sachs Australia and New Zealand disclosure of interests is available at:
https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html. Russia: Research reports distributed in the Russian Federation are not
advertising as defined in the Russian legislation, but are information and analysis not having product promotion as their main purpose and do not
provide appraisal within the meaning of the Russian legislation on appraisal activity. Research reports do not constitute a personalized investment
recommendation as defined in Russian laws and regulations, are not addressed to a specific client, and are prepared without analyzing the financial
circumstances, investment profiles or risk profiles of clients. Goldman Sachs assumes no responsibility for any investment decisions that may be taken
by a client or any other person based on this research report. Singapore: Goldman Sachs (Singapore) Pte. (Company Number: 198602165W), which is
regulated by the Monetary Authority of Singapore, accepts legal responsibility for this research, and should be contacted with respect to any matters
arising from, or in connection with, this research. Taiwan: This material is for reference only and must not be reprinted without permission. Investors
should carefully consider their own investment risk. Investment results are the responsibility of the individual investor. United Kingdom: Persons who
would be categorized as retail clients in the United Kingdom, as such term is defined in the rules of the Financial Conduct Authority, should read this
research in conjunction with prior Goldman Sachs research on the covered companies referred to herein and should refer to the risk warnings that have
been sent to them by Goldman Sachs International. A copy of these risks warnings, and a glossary of certain financial terms used in this report, are
available from Goldman Sachs International on request.

European Union and United Kingdom: Disclosure information in relation to Article 6 (2) of the European Commission Delegated Regulation (EU)
(2016/958) supplementing Regulation (EU) No 596/2014 of the European Parliament and of the Council (including as that Delegated Regulation is
implemented into United Kingdom domestic law and regulation following the United Kingdom's departure from the European Union and the European
Economic Area) with regard to regulatory technical standards for the technical arrangements for objective presentation of investment
recommendations or other information recommending or suggesting an investment strategy and for disclosure of particular interests or indications of
conflicts of interest is available at https://www.gs.com/disclosures/europeanpolicy.html which states the European Policy for Managing Conflicts of
Interest in Connection with Investment Research.

Japan: Goldman Sachs Japan Co., Ltd. is a Financial Instrument Dealer registered with the Kanto Financial Bureau under registration number Kinsho
69, and a member of Japan Securities Dealers Association, Financial Futures Association of Japan and Type Il Financial Instruments Firms Association.
Sales and purchase of equities are subject to commission pre-determined with clients plus consumption tax. See company-specific disclosures as to
any applicable disclosures required by Japanese stock exchanges, the Japanese Securities Dealers Association or the Japanese Securities Finance
Company.

Ratings, coverage universe and related definitions

Buy (B), Neutral (N), Sell (S) Analysts recommend stocks as Buys or Sells for inclusion on various regional Investment Lists. Being assigned a Buy or
Sell on an Investment List is determined by a stock’s total return potential relative to its coverage universe. Any stock not assigned as a Buy or a Sell on
an Investment List with an active rating (i.e., a stock that is not Rating Suspended, Not Rated, Coverage Suspended or Not Covered), is deemed
Neutral. Each region’s Investment Review Committee manages Regional Conviction lists, which represent investment recommendations focused on
the size of the total return potential and/or the likelihood of the realization of the return across their respective areas of coverage. The addition or
removal of stocks from such Conviction lists do not represent a change in the analysts’ investment rating for such stocks.

Total return potential represents the upside or downside differential between the current share price and the price target, including all paid or
anticipated dividends, expected during the time horizon associated with the price target. Price targets are required for all covered stocks. The total
return potential, price target and associated time horizon are stated in each report adding or reiterating an Investment List membership.

Coverage Universe: A list of all stocks in each coverage universe is available by primary analyst, stock and coverage universe at
https://www.gs.com/research/hedge.html.

Not Rated (NR). The investment rating, target price and earnings estimates (where relevant) have been suspended pursuant to Goldman Sachs policy
when Goldman Sachs is acting in an advisory capacity in a merger or in a strategic transaction involving this company, when there are legal, regulatory
or policy constraints due to Goldman Sachs’ involvement in a transaction, and in certain other circumstances. Rating Suspended (RS). Goldman
Sachs Research has suspended the investment rating and price target for this stock, because there is not a sufficient fundamental basis for
determining an investment rating or target price. The previous investment rating and target price, if any, are no longer in effect for this stock and should
not be relied upon. Coverage Suspended (CS). Goldman Sachs has suspended coverage of this company. Not Covered (NC). Goldman Sachs does
not cover this company. Not Available or Not Applicable (NA). The information is not available for display or is not applicable. Not Meaningful
(NM). The information is not meaningful and is therefore excluded.

Global product; distributing entities

The Global Investment Research Division of Goldman Sachs produces and distributes research products for clients of Goldman Sachs on a global basis.
Analysts based in Goldman Sachs offices around the world produce research on industries and companies, and research on macroeconomics,
currencies, commodities and portfolio strategy. This research is disseminated in Australia by Goldman Sachs Australia Pty Ltd (ABN 21 006 797 897); in
Brazil by Goldman Sachs do Brasil Corretora de Titulos e Valores Mobilidrios S.A.; Public Communication Channel Goldman Sachs Brazil: 0800 727 5764
and / or contatogoldmanbrasil@gs.com. Available Weekdays (except holidays), from 9am to 6pm. Canal de Comunicacdo com o Publico Goldman Sachs
Brasil: 0800 727 5764 e/ou contatogoldmanbrasil@gs.com. Horério de funcionamento: segunda-feira a sexta-feira (exceto feriados), das 9h as 18h; in
Canada by Goldman Sachs & Co. LLC; in Hong Kong by Goldman Sachs (Asia) L.L.C.; in India by Goldman Sachs (India) Securities Private Ltd.; in Japan
by Goldman Sachs Japan Co., Ltd.; in the Republic of Korea by Goldman Sachs (Asia) L.L.C., Seoul Branch; in New Zealand by Goldman Sachs New
Zealand Limited; in Russia by OOO Goldman Sachs; in Singapore by Goldman Sachs (Singapore) Pte. (Company Number: 198602165W); and in the
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United States of America by Goldman Sachs & Co. LLC. Goldman Sachs International has approved this research in connection with its distribution in
the United Kingdom.

Effective from the date of the United Kingdom'’s departure from the European Union and the European Economic Area ("“Brexit Day”) the following
information with respect to distributing entities will apply:

Goldman Sachs International (“GSI"), authorised by the Prudential Regulation Authority (“PRA") and regulated by the Financial Conduct Authority
("FCA") and the PRA, has approved this research in connection with its distribution in the United Kingdom.

European Economic Area: GSI, authorised by the PRA and regulated by the FCA and the PRA, disseminates research in the following jurisdictions
within the European Economic Area: the Grand Duchy of Luxembourg, Italy, the Kingdom of Belgium, the Kingdom of Denmark, the Kingdom of
Norway, the Republic of Finland, the Republic of Cyprus and the Republic of Ireland; GS -Succursale de Paris (Paris branch) which, from Brexit Day, will
be authorised by the French Autorité de contréle prudentiel et de resolution ("ACPR") and regulated by the Autorité de controle prudentiel et de
resolution and the Autorité des marches financiers ("AMF") disseminates research in France; GSI - Sucursal en Espana (Madrid branch) authorized in
Spain by the Comisién Nacional del Mercado de Valores disseminates research in the Kingdom of Spain; GSI - Sweden Bankfilial (Stockholm branch) is
authorized by the SFSA as a “third country branch” in accordance with Chapter 4, Section 4 of the Swedish Securities and Market Act (Sw. lag
(2007:528) om vérdepappersmarknaden) disseminates research in the Kingdom of Sweden; Goldman Sachs Bank Europe SE (“GSBE") is a credit
institution incorporated in Germany and, within the Single Supervisory Mechanism, subject to direct prudential supervision by the European Central
Bank and in other respects supervised by German Federal Financial Supervisory Authority (Bundesanstalt fir Finanzdienstleistungsaufsicht, BaFin) and
Deutsche Bundesbank and disseminates research in the Federal Republic of Germany and those jurisdictions within the European Economic Area
where GSl is not authorised to disseminate research and additionally, GSBE, Copenhagen Branch filial af GSBE, Tyskland, supervised by the Danish
Financial Authority disseminates research in the Kingdom of Denmark; GSBE - Sucursal en Espafa (Madrid branch) subject (to a limited extent) to local
supervision by the Bank of Spain disseminates research in the Kingdom of Spain; GSBE - Succursale Italia (Milan branch) to the relevant applicable
extent, subject to local supervision by the Bank of Italy (Banca d’ltalia) and the Italian Companies and Exchange Commission (Commissione Nazionale
per le Societa e la Borsa “Consob”) disseminates research in Italy; GSBE - Succursale de Paris (Paris branch), supervised by the AMF and by the ACPR
disseminates research in France; and GSBE - Sweden Bankfilial (Stockholm branch), to a limited extent, subject to local supervision by the Swedish
Financial Supervisory Authority (Finansinpektionen) disseminates research in the Kingdom of Sweden.

General disclosures

This research is for our clients only. Other than disclosures relating to Goldman Sachs, this research is based on current public information that we
consider reliable, but we do not represent it is accurate or complete, and it should not be relied on as such. The information, opinions, estimates and
forecasts contained herein are as of the date hereof and are subject to change without prior notification. We seek to update our research as
appropriate, but various regulations may prevent us from doing so. Other than certain industry reports published on a periodic basis, the large majority
of reports are published at irregular intervals as appropriate in the analyst’s judgment.

Goldman Sachs conducts a global full-service, integrated investment banking, investment management, and brokerage business. \We have investment
banking and other business relationships with a substantial percentage of the companies covered by our Global Investment Research Division.
Goldman Sachs & Co. LLC, the United States broker dealer, is a member of SIPC (https://www.sipc.org).

Our salespeople, traders, and other professionals may provide oral or written market commentary or trading strategies to our clients and principal
trading desks that reflect opinions that are contrary to the opinions expressed in this research. Our asset management area, principal trading desks and
investing businesses may make investment decisions that are inconsistent with the recommendations or views expressed in this research.

The analysts named in this report may have from time to time discussed with our clients, including Goldman Sachs salespersons and traders, or may
discuss in this report, trading strategies that reference catalysts or events that may have a nearterm impact on the market price of the equity securities
discussed in this report, which impact may be directionally counter to the analyst's published price target expectations for such stocks. Any such
trading strategies are distinct from and do not affect the analyst's fundamental equity rating for such stocks, which rating reflects a stock’s return
potential relative to its coverage universe as described herein.

We and our affiliates, officers, directors, and employees, excluding equity and credit analysts, will from time to time have long or short positions in, act
as principal in, and buy or sell, the securities or derivatives, if any, referred to in this research.

The views attributed to third party presenters at Goldman Sachs arranged conferences, including individuals from other parts of Goldman Sachs, do not
necessarily reflect those of Global Investment Research and are not an official view of Goldman Sachs.

Any third party referenced herein, including any salespeople, traders and other professionals or members of their household, may have positions in the
products mentioned that are inconsistent with the views expressed by analysts named in this report.

This research is not an offer to sell or the solicitation of an offer to buy any security in any jurisdiction where such an offer or solicitation would be
illegal. It does not constitute a personal recommendation or take into account the particular investment objectives, financial situations, or needs of
individual clients. Clients should consider whether any advice or recommendation in this research is suitable for their particular circumstances and, if
appropriate, seek professional advice, including tax advice. The price and value of investments referred to in this research and the income from them
may fluctuate. Past performance is not a guide to future performance, future returns are not guaranteed, and a loss of original capital may occur.
Fluctuations in exchange rates could have adverse effects on the value or price of, or income derived from, certain investments.

Certain transactions, including those involving futures, options, and other derivatives, give rise to substantial risk and are not suitable for all investors.
Investors should review current options and futures disclosure documents which are available from Goldman Sachs sales representatives or at
https://www.theocc.com/about/publications/characterrisks.jsp and

https://www.fiadocumentation.org/fia/regulatory-disclosures _1/fia-uniform-futures-and-options-on-futures-risk-disclosures-booklet-pdf-version-2018.
Transaction costs may be significant in option strategies calling for multiple purchase and sales of options such as spreads. Supporting documentation
will be supplied upon request.

Differing Levels of Service provided by Global Investment Research: The level and types of services provided to you by the Global Investment
Research division of GS may vary as compared to that provided to internal and other external clients of GS, depending on various factors including your
individual preferences as to the frequency and manner of receiving communication, your risk profile and investment focus and perspective (e.g.,
marketwide, sector specific, long term, short term), the size and scope of your overall client relationship with GS, and legal and regulatory constraints.
As an example, certain clients may request to receive notifications when research on specific securities is published, and certain clients may request
that specific data underlying analysts’ fundamental analysis available on our internal client websites be delivered to them electronically through data
feeds or otherwise. No change to an analyst’s fundamental research views (e.g., ratings, price targets, or material changes to earnings estimates for
equity securities), will be communicated to any client prior to inclusion of such information in a research report broadly disseminated through electronic
publication to our internal client websites or through other means, as necessary, to all clients who are entitled to receive such reports.

All research reports are disseminated and available to all clients simultaneously through electronic publication to our internal client websites. Not all
research content is redistributed to our clients or available to third-party aggregators, nor is Goldman Sachs responsible for the redistribution of our
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research by third party aggregators. For research, models or other data related to one or more securities, markets or asset classes (including related
services) that may be available to you, please contact your GS representative or go to https://research.gs.com.

Disclosure information is also available at https://www.gs.com/research/hedge.html or from Research Compliance, 200 West Street, New York, NY
10282.

© 2022 Goldman Sachs.

No part of this material may be (i) copied, photocopied or duplicated in any form by any means or (ii) redistributed without the prior written
consent of The Goldman Sachs Group, Inc.
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