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Index Volatility: Four Observations Ahead of the Upcoming $3.4tIn
Expiry
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Four observations ahead of the coming expiration:

1. Implied volatility has underperformed, indicating reduced demand for
options. Pre-market trading points toward today being the first time the VIX
closes above 30 for three weeks, despite the S&P having its first 30% + realized
volatility month since Apr-20 and closing near its 15-month high on Friday
(10-Jun). A key driver of weak implied volatility has been the gradual pace of this
year's sell-off: the SPX closed at new 3-month lows in five (and likely six by the
end of today) consecutive months for the first time since 1974. Key measures of
SPX volatility risk premium have generally been negative this month, indicating
that options are underpriced. Cheap options are consistent with dealers being
long gamma - potentially leading to reduced realized volatility as we approach
expiration.

2. This week’s expiration is large for a non-December. $3.4tIn of option notional
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expires this Friday (17-Jun), including $1.9tIn of SPX index options. The total is closer
to a December expiration’ than to a typical quarterly, reflecting extremely high
trading volume while realized volatility surged in May. The spot SPX sell-off leaves
most of the open interest at strikes somewhat above the current index level; the
biggest concentration of open interest is in the 4000-4500 strike range.

As single stock option activity has slowed, index option volumes have been
strong. A macro-led market has led to soaring index option volumes, averaging
$1.3tIn/day of index/ETF option notional over the past month. Ultra-short-dated SPX
option volumes have been especially strong (and therefore important to the overall
gamma position) as investors have adopted the daily expiration schedule without
hesitation. Five of the ten highest single expiry/single day SPX contract volumes
have happened in the past month, including $350bln on Thursday (9-Jun), less than a
month after the first Thursday expiration was listed. On the other hand, a
macro-driven market has led single stock option volumes to continue dropping.

Falling skew and vol-of-vol point toward long gamma dynamics. Low vol risk
premium and low skew are both consistent with dealers and market makers being
net long nearthe-money options, which would leave their delta hedging likely to
reduce market volatility in the coming days. To the extent a dominant flow has been
investors' hedges becoming in-the-money, the expiration and rolling of those
positions could be supportive to the market as a whole. The week of quarterly option
expiration is typically the highest-volume week of the quarter for option markets,
and hedge restructuring is likely to be an important driver of flows in the coming
days.

Exhibit 2: The VIX (27.8 as of Friday's close) has had a small and often negative premium to high recent
realized volatility (current expontially-weighted RV: 28.5)
Vol risk premium: VIX minus exponentially-weighted SPX realized vol (13-day half-life); 5-day rolling average
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Source: Goldman Sachs Global Investment Research, Bloomberg
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Because they are listed years in advance, December SPX option expirations generally have higher open

interest than other maturities.
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Exhibit 3: With options referencing 8% of the US equity market expiring, Friday's expiry is more like a

December than a regular quarterly

Total expiring US-listed index, ETF, and single stock option notional on third Friday expirations, as a percentage of

the Russell 3000°s market cap

@ 9% A

N qo/ |

N 8%

E, 7%

= 6%

= 59 -

2 40

£ 49 -

(on

w 3% A

—

o 2% A

ST

0% -

[ XN ool ool -olol - oo -]
e AN NNANNNNN N
[~Jeoloj-Joloj-jojo)-Jolo)-NoNo)-]
FIIIIFIFIIIFFS Y S
cSsoOoaQaf>ocao=S"S>cs50Q
:—3,30800)(0@‘52-(\3:—3,30
S '<nPzoHuLElss ‘<o

Oct-2020
Nov-2020
Dec-2020
Jan-2021
Feb-2021
Mar-2021
Apr-2021
May-2021
Jun-2021
Jul-2021
Aug-2021
Sep-2021
Oct-2021
Nov-2021
Dec-2021

Index/ETF

Single Stock
NNNNNN
NNNNNAN
o000 o
YNNG
CO=L%>¢C
T8 2T S
SLEI<=sS

Source: Goldman Sachs Global Investment Research, OptionMetrics

Exhibit 4: The sell-off has left a significant percentage of SPX open interest well above the current spot

level

SPX quarterly expirations’ open interest, 7 days before expiration based on distance from spot
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Exhibit 5: The June expiry’s open interest was boosted by extraordinary trading volume in May

10-day rolling average daily volume (thousands of contracts) of SPX quarterly expiries, by time to maturity
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Exhibit 6: In a macro-led market, index option activity has soared; single stock option volumes have been

fading
US-listed option volume (notional as percent of Russell 3000 market cap): 10-day rolling average
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Exhibit 7: The $350bIn notional of Thursday (9-Jun) expiration options - which would not have even existed
one month earlier - that traded on their final day was among the largest single day, single expiry notional
volumes on record

Notional SPX option volume traded on the day of expiration, excluding Third Friday and end-of-month expirations
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Exhibit 8: Most of the 17-Jun SPX option open interest is above the current spot level, and today’s
pre-market sell-off leaves it even more distant
Notional 17-Jun-2022 SPX open interest, $bIn notional within 1% of each point
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Exhibit 9: 1/3 of SPX open interest expires this week
Notional open interest statistics
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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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