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The Macro Drivers of Implied Volatility (Rosenberg)
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argued that shifts in volatility are closely related to macroeconomic conditions. In

this piece, we quantify the impact of macro uncertainty on FX implied volatility
and gauge how much economic conditions justify the lower levels of implied vol
we see today.

m  Despite being linked to future price action, implied volatility is very closely
related to realized volatility, primarily because they share macro drivers. \While
somewhat intuitive, this can also lead markets to misprice future volatility,
especially in the early stages of structural shifts in the economic backdrop. In
fact, realized volatility has exceeded implied volatility for most of this year,
meaning that markets have consistently underpriced higher realized volatility in
FX markets.

B |n order to quantify the impact of macro uncertainty on FX implied volatility, we
begin by constructing simple measures of economic uncertainty using
Consensus Economics’ surveys of forecast dispersion across GDP inflation, and
monetary policy for the US, Euro area, UK, and Japan. \We measure the impact
of macro uncertainty on FX implied vol by running regressions of implied
volatility on these country-specific measures of macro uncertainty.

m  Our results show a strong, positive relationship between FX volatility and macro
uncertainty. In other words, when market participants diverge more on inflation
or growth outcomes, option-implied FX vol is usually higher. These results
support the argument that FX volatility is closely related to shifts in the macro
environment. When comparing across regions, we find that US macro
uncertainty tends to have more explanatory power than other regions, and US
CPI uncertainty has the strongest explanatory power across factors, though
domestic monetary policy is often a close second.

m  |ower levels of implied volatility in recent weeks can be linked to a slightly less
uncertain macroeconomic backdrop, where tail recession and inflation risks have
relaxed. Our models support the idea that lower realized and implied vol looks
appropriate. However, should inflation uncertainty increase again, FX implied vols
could shift higher. Additionally, some of the macro factors driving FX vol higher
are not necessarily captured by these models, such as structural shifts in
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portfolio flows, which could contribute to higher volatility than our models imply. In
the meantime, the upside of lower implied volatility means that directional views
can be expressed more inexpensively, particularly in spots where investors think the
macro is more likely to surprise.
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Option-implied volatility in FX markets has declined in recent weeks, alongside a drop in
realized volatility (Exhibit 1). US policy has led to a distinctly more uncertain
macroeconomic backdrop globally, but there have been several important shifts that
have eased market concerns. The recent trade deal between the US and China has
removed some of the downside tail risks to growth and upside risks to inflation. Inflation
data in the US have remained benign as well and could support earlier Fed easing. We
have previously argued that shifts in volatility are closely related to macroeconomic
conditions. Given the latest developments, we think the macro risks justify the lower
levels of implied vol we see today, but still caution that other factors not necessarily
captured by these models could resume putting upward pressure on both realized and
implied vol.

Exhibit 1: Option-implied volatility in FX markets has declined in recent weeks, alongside a drop in
realized volatility
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What is Implied Volatility?

FX implied volatility reflects investors’ expectations for future volatility in FX markets.
Volatility is “implied” from FX options prices; options are priced according to the
probability of an exchange rate reaching a certain level. If the macro backdrop is
uncertain, the risk of a surprise in growth, inflation, or policy that affects prices is high.
Markets need to incorporate that risk as higher future or implied volatility. As a result,
underlying trends in both realized and implied volatility can be linked to economic
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conditions and the business cycle, and reflect investors' uncertainty over economic
conditions and the future path of exchange rates.

The Relationship Between Realized and Implied Volatility

Despite being linked to future price action, implied volatility is very closely related to
realized volatility. Primarily, this is because they share macro drivers. As discussed
below, there is strong evidence that both realized and implied volatility are sensitive to
economic factors. That being said, implied volatility tends to follow realized volatility.
When past price action is more volatile, markets tend to price greater implied volatility
going forward. This is not unintuitive; volatility can be persistent, as can economic
shocks. But implied vol has a very short memory. Our estimates suggest that it tends to
weigh the most recent period of realized volatility most heavily (Exhibit 2). For example,
3-month implied volatility across EUR, GBR, and JPY tends to be most highly correlated
with realized vol in the previous one month. This can lead markets to misprice future
volatility, especially in the early stages of structural shifts in the economic backdrop,
which is one of the key reasons that implied vol can be a poor predictor of realized vol.

Exhibit 2: Overweighting the recent price action can lead markets to misprice future volatility
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In fact, realized volatility has exceeded implied volatility for most of this year, meaning
that markets have consistently underpriced the degree to which realized volatility in FX
markets would be high (Exhibit 3). There have been other stretches in recent history
where realized vol exceeded implied vol, most notably during the recent inflation surge.
Inflation uncertainty rose sharply in 2022, increasing policy uncertainty as well. Implied
volatility was slow to adjust higher though, despite a clear increase in realized vol. In
contrast, FX markets prior to the covid crisis were exhibiting a secular decline in realized
volatility that markets initially did not anticipate. This period lasted from at least
2014-2019 and coincided with a broad decline in policy rate differentials, dovish forward
guidance, and low inflation across the G10. Until FX options markets adjusted to the
lower levels of volatility, realized vol often underperformed implied vol.
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Exhibit 3: Realized vol often exceeds implied vol over a 3-month period
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Literature on the Macro Drivers of Volatility

Prior work on FX and rates volatility also points to economic conditions as a key driver of
vol. lIzetzki, Reinhart, and Rogoff (2020) find that the core macroeconomic driver of

realized FX volatility is monetary policy. They argue that the persistent decline in volatility
prior to the covid crisis was related to the sharp, coinciding decline in inflation and
interest rate differentials. These factors are easy to observe by comparing inflation and
policy rate variance with G-10 FX implied volatility (Exhibit 4). Their work also suggests
that investor expectations that inflation and rates would stay lower for longer reinforced
the decline in volatility. Altogether, the key takeaway for our purposes is that macro
uncertainty is a key driver of volatility in FX markets.

Exhibit 4: Trends in FX volatility have closely coincided with structural shifts in inflation and monetary policy variance
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Our cross-asset strategists have also argued that longerterm shifts in volatility across
FX, rates, and equities are influenced by macro conditions. Their analysis of the low vol
environment of 2014 finds that realized and implied volatility have common macro
drivers, such as changes in the unemployment rate and other macro volatility measures.
In other words, both can be explained by the same macroeconomic factors. They also
find that these factors are common across markets, but note that volatility trends across
asset classes are far from perfectly correlated. This is especially true now, as the
correlation between FX vol and equity and rates vol has fallen (Exhibit 5). Though macro
can explain a portion of asset price volatility, there are asset-specific factors that matter
too. Plus, the relative importance of different macro factors varies at different points in
time, and there are different relationships across assets to different sets of economic
conditions. For the investor, one key takeaway is that though a lack of volatility can make
trading opportunities more difficult, it also makes it easier to use options to express

directional views.

Exhibit 5: Volatility trends across asset classes are far from perfectly correlated
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Others have come to similar conclusions regarding implied interest rate volatility. Sarisoy
(2024) finds a positive relationship between US inflation and growth uncertainty and US
interest rate implied volatility. They note that the relationship is also sensitive to other
factors, such as the presence of the effective lower bound. When policy is constrained
by the ELB, they find that inflation becomes a stronger driver of rates volatility, while
growth uncertainty becomes a weaker driver. Our rates strategists have also found that
macro uncertainty is correlated with interest rates implied vol, though they can dislocate
at times.

What Drives FX Implied Vol?

In this piece, we quantify the impact of macro uncertainty on FX implied volatility and
gauge how much economic conditions justify the lower levels of implied vol we see
today. We begin by constructing simple measures of economic uncertainty using
Consensus Economics’ surveys of forecast dispersion across GDP inflation, and
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monetary policy for the US, Euro area, UK, and Japan. When the standard deviation of
economic forecasts for the yearahead increases, we interpret it as an increase in
uncertainty on the macroeconomic outlook.

Implied volatility in the G3 has closely tracked our measures of US economic uncertainty
over the past two decades, particularly during periods of rising uncertainty (Exhibit 6).
These macro uncertainty measures are closely correlated with one another as well. For
example, when the US GDP outlook is more variable, the inflation outlook is typically
more uncertain too. These measures are also correlated across regions. For example,
forecast dispersion for Euro area GDP often moves in tandem with US GDP uncertainty.

Exhibit 6: Implied volatility typically rises with higher US macroeconomic uncertainty
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Source: Bloomberg, Consensus Economics, Goldman Sachs Global Investment Research

Estimating the Impact of Macro Uncertainty

We measure the impact of macro uncertainty on FX implied vol by running regressions
of implied volatility on our country-specific measures of GDP CPI, and policy rate
uncertainty. Our analysis includes implied volatility in three crosses: EUR/USD,
GBP/USD, and USD/JPY. These are among the most traded and liquid crosses in FX and
should have accurate implied volatility pricing and reliable macro forecasts. Our sample
covers the period from December 2002 to May 2025 and we include four tenors of
implied volatility: 1-month, 3-month, 6-month, and 1-year. Beyond 1-year maturities, FX
options are usually less liquid.

Our results show a strong, positive relationship between FX volatility and macro
uncertainty (Exhibit 7). In other words, when market participants diverge more on
inflation or growth outcomes, option-implied FX vol is usually higher. These results
support the argument that FX volatility is closely related to shifts in the macro
environment. When comparing across regions, we find that US macro uncertainty tends
to have more explanatory power than other regions. There are a few plausible
explanations for this, including that US economic conditions often have large spillovers
to the rest of the world. Additionally, we find that our models work best for estimating
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3-month implied vol versus other tenors. Options at the 3m mark are usually among the
most liquid in FX. The models also perform best for EUR/USD, followed by GBP/USD,
and finally USD/JPY.

Exhibit 7: The drivers of implied volatility

EUR/USD 3m Implied Vol GBP/USD 3m Implied Vol USD/JPY 3m Implied Vol
US CPI Uncertainty 119 9.1+ 8.1%** 7.8%** 8.2%** 8.7*** 6.7+ 6.1%** 5.4%**
[9.1] [6.9] [6.4] [5.8] [6.1] [6.6] [5.0] [4.6] [4.1]
US GDP Uncertainty 0.3 -0.2 -1.3 5.3*** 6.0%** 5.7+ -2.8*** -2.9%** -3.6***
[0.2] [-0.1] [-0.8] [3.4] [3.7] [3.8] [-2.7] [-2.8] [-3.5]
US Policy Uncertainty 1.7 0.3 0.1 -0.8 1.7 0.4 2.7+ 3.9%* 6.5***
[-1.6] [0.2] [0.1] [-0.9] [-1.6] [0.5] [2.9] [3.8] [5.3]
Domestic CPI Uncertainty -5.2%** =37 -1.5 0.0 0.0 -0.5 4.9 4.5 1.7
[-3.8] [-2.8] [-1.1] [0.1] [0.1] [-0.9] [2.5] [2.3] [0.8]
Domestic GDP Uncertainty -0.9 -1.5 -0.8 -3 -3.4%* -3.2%* 2.3 1.6 2.8%**
[-0.6] [-1.1] [-0.6] [-3.5] [-3.8] [-3.7] [2.2] [1.6] [2.8]
Domestic Policy Uncertainty 7.8%** 9.4%** 0.9 2.9 3.0 4.2 6.4*** 6.4*** 8.1+
[5.2] [6.4] [0.5] [2.7] [2.9] [3.8] [2.9] [2.9] [3.7]
ELB 1.9%** -0.6 0.9%**
[5.9] [-1.6] [2.6]
10y Rate Differential -2.2%* 1.2%%* -1.0%*
[-7.8] [3.9] [-4.5]
Observations 270 270 270 270 270 270 270 270 270
R-squared 0.41 0.48 0.52 0.34 0.35 0.38 0.32 0.34 0.37

Note: Sample includes monthly data from 2003-present. T-statistics in brackets. * p<.1, ** p<.05, ***p<.01

Source: Consensus Economics, Goldman Sachs Global Investment Research

6 July 2025

US CPI uncertainty has the strongest explanatory power across factors, though
domestic monetary policy is often a close second. It makes sense that inflation is one of
the strongest determinants for FX vol. It directly impacts both exchange rates, via
purchasing power parity, and monetary policy. Purchasing power parity dictates that if
inflation uncertainty is high, nominal exchange rates may have to adjust more
significantly in the long run to account for those changes. However, as we discuss later,
the relative importance of our macro factors shifts over time. Most of the other factors,
while meaningful on their own, lose their explanatory power in a multivariate setting.
This is likely because the uncertainty measures are closely correlated. Our results are
not improved by using the interaction of US and domestic uncertainty measures—the
US measures still outperform.

We also consider several controls, including an indicator for the effective lower bound in
the US and interest rate differentials. The ELB has been shown to be a useful indicator
for rates volatility, and it is a useful addition to our models as well, improving the fit on
the margin, especially for the Euro. Originally, investors thought that the ELB could
amplify, rather than suppress FX volatility because the rates channel was constrained
and FX would become the natural transmission channel for macro shocks. This was
partly true—our results suggest that the presence of the zero lower bound actually
increased FX volatility on the margin. However, monetary policy has a direct impact on
FX as well, and as we have argued in our clustering framework, the decline in policy and
rates volatility in the 2010s had widespread impacts on FX volatility that brought it lower
on average. Broadly, our results emphasize that macro uncertainty has a direct and
meaningful impact on FX implied vol.
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What Matters at Different Points in Time?

While inflation has historically been the key driver of volatility, this is not always true—
the relationship has shifted over time. Most recently, FX volatility has been driven by
changes in US inflation uncertainty (Exhibit 8). As we noted earlier, inflation should have
a direct impact on exchange rates. In the current environment, inflation uncertainty
partly reflects shifting trade policy and the difficult monetary policy trade-off that tariffs
create. Recently, benign inflation data out of the US have eased concerns that tariffs will
generate a large and persistent shock to prices, while the labor market has softened
gradually. Recent comments from Fed officials have also suggested some members of
the FOMC could support a cut in September if upcoming inflation prints are not too
high. The importance of inflation developments has meant that it has been a key driver
of FX vol both on the way up and also now on the way down.

Exhibit 8: The recent increase in FX vol has been driven by higher inflation uncertainty
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Source: Consensus Economics, Goldman Sachs Global Investment Research

Where Does the Macro Say Implied Vol Should Be?

Using our models, we can estimate where implied vol should be based on macro
uncertainty. A key concern across investors is that the recent reset lower in volatility has
been larger than the reset in economic uncertainty. Our models suggest that implied vol
is largely appropriate relative to the macro, especially for EUR, with some small
divergence between actual and model-implied volatility for GBP and JPY (Exhibit 9,
Exhibit 10, and Exhibit 11). Taken at face value, the results suggest that the latest decline

in EUR/USD implied vol is consistent with a less uncertain macro backdrop. It also
indicates that GBP implied vol should be a bit higher to match macro uncertainty, while
implied vol for JPY should be slightly lower. In other words, vol markets are pricing less
acute macro risks for EUR and GBP and more elevated macro risks for JPY. This could
be related to JPY's safe-haven status. We can also use these models to project how
implied volatility might evolve. With no reduction in tariff-related inflation, growth, or
policy uncertainty, we can expect elevated FX volatility to persist.
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Exhibit 9: Our models suggest that implied vol is largely appropriate relative to the macro, especially for

EUR...
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Note: Model includes 1-year ahead CPI, GDP, and 3m interest rate expectations for the US and Euro area, and the 10y
rate differential vs the US. Sample: 2003-Present. Monthly frequency.

Source: Consensus Economics, Goldman Sachs Global Investment Research

Exhibit 10: ...with some small divergence between actual and model-implied volatility for GBP and JPY
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Note: Model includes 1-year ahead CPI, GDP, and 3m interest rate expectations for the US and UK, and the 10y rate
differential vs the US. Sample: 2003-Present. Monthly frequency.

Source: Consensus Economics, Goldman Sachs Global Investment Research
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Exhibit 11:

Vols USD/JPY 3m Implied Volatility: Actual vs Model-implied Levels Vols
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Note: Model includes 1-year ahead CPI, GDP, and 3m interest rate expectations for the US and Japan, and the 10y rate
differential vs the US. Sample: 2003-Present. Monthly frequency.

Source: Consensus Economics, Goldman Sachs Global Investment Research

Lower levels of implied volatility in recent weeks can be linked to more benign US
economic data and a less uncertain macroeconomic backdrop, where tail recession and
inflation risks have relaxed. Going forward though, this exercise highlights the types of
factors that could shift implied and realized FX volatility higher. Another large increase in
tariff rates, for example, could quickly increase macro uncertainty. Additionally, many of
the factors driving higher FX volatility have not been directly macro-related. Outsized FX
hedging activity and structural shifts in portfolio flows have probably contributed to
greater Dollar depreciation than our fundamental models can explain. US policy is
making it harder for the US to attract unhedged capital flows, and that may mean larger
FX moves than our vol models currently imply. For that reason, realized vol may continue
to outpace implied vol as it has done for much of this year. The upside of lower implied
volatility means that directional views can be expressed more inexpensively. We have
argued that investors need to be more imaginative in their medium-run targets in an
environment of rapidly shifting economic outlooks, and our results support that
conclusion.

Isabella Rosenberg
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referred to in this research report. Investment in securities market are subject to market risks. Read all the related documents carefully before
investing. Registration granted by SEBI and certification from NISM in no way guarantee performance of the intermediary or provide any assurance of
returns to investors. Goldman Sachs (India) Securities Private Limited compliance officer and investor grievance contact details can be found at this link:
https://publishing.gs.com/disclosures/hedge.html - /general/equity. 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
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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 Type Il Financial Instruments Firms Association, The
Investment Trusts Association, Japan, and Japan Investment Advisers 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.

Global product; distributing entities

Goldman Sachs Global Investment Research 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
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.

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 and the Republic of Ireland; GSI - Succursale de Paris (Paris branch) which is authorised by the French Autorité de
contréle prudentiel et de resolution ("ACPR") and regulated by the Autorité de contrdle 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 Comision 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 vardepappersmarknaden)
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 GSI 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 Espana (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 Global Investment Research. 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.

We and our affiliates, officers, directors, and employees 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, unless otherwise prohibited by regulation or Goldman Sachs policy.

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 focused on investment themes across markets, industries and sectors. It does not attempt to distinguish between the prospects or
performance of, or provide analysis of, individual companies within any industry or sector we describe.

Any trading recommendation in this research relating to an equity or credit security or securities within an industry or sector is reflective of the
investment theme being discussed and is not a recommendation of any such security in isolation.

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.
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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.goldmansachs.com/disclosures/cftc_fcm_disclosures. 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 Goldman Sachs Global
Investment Research 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

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.
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You are permitted to store, display, analyze, modify, reformat, and print the information made available to you via this service only for your own use.
You may not resell or reverse engineer this information to calculate or develop any index for disclosure and/or marketing or create any other derivative
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or otherwise reproduce this information, in whole or in part, in any format to any third party without the express written consent of Goldman Sachs.
This foregoing restriction includes, without limitation, using, extracting, downloading or retrieving this information, in whole or in part, to train or
finetune a machine learning or artificial intelligence system, or to provide or reproduce this information, in whole or in part, as a prompt or input to any
such system.
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