
Markets have become more focused on where the funds rate should settle overn

the long term as the Fed tightening cycle approaches its end. We have
consistently argued that the “neutral” funds rate is likely to be meaningfully
higher than in the last cycle. Market measures of that rate have moved sharply
higher, including over the last two months. Uncertainty about where neutral
rates belong is high. But we think that discussions of market pricing of the
neutral rate tend to place too little weight on the role of actual and historic
market outcomes and what they reveal to the market about where the
distribution of policy rates belongs in driving perceptions of these longer-term
rates.

Longer-term instantaneous rates over the last 20 years have tended to repricen

sharply over defined periods after spending time within stable ranges. Until the
latest repricing higher from mid-2022, these longer-dated forward real rates
broadly moved in three successively lower neutral rate pricing regimes. Only
since mid-2022 has the market durably pushed longer-term rates back into higher
regimes.

The timing of these “regime shifts” does not map well to key information aboutn

savings/investment balances or many of the main drivers of structural views of
neutral rates. The biggest repricings in neutral rates were associated not with
major macro events but instead came alongside Fed policy shifts that challenged
the prevailing pricing of the distribution of the future funds rate.

The fact that market pricing of long-term rates has shifted much more aroundn

events related to the Fed’s actions does not mean that the deeper structural
forces that are often discussed are not driving the underlying neutral rate. It is
plausible that shifts in Fed policy ranges are the way in which the market learns
about and updates its pricing of those deeper forces. Nor does it support the
idea that the Fed has special insight into the level of the neutral rate. The rise in
long-term rates since 2022 has not been driven by FOMC meeting “windows”
or by a move higher in the Fed’s long-term dot.

The implications of this logic for the current environment are simple. The Fedn

funds range has essentially already returned to the levels of the pre-GFC cycle
ranges and that period is likely to provide a better template than the post-2008
period. The longer we spend time with a 5%-plus funds rate, the more likely it is
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that we are to anchor towards the upper end of that range. Markets have shifted in 
that direction significantly but still view the current level of the funds rates as 
restrictive relative to its pricing of the neutral rate. If the economy continues to 
behave in a way consistent with only average recession probabilities, the risks to 
those forward rates are probably still modestly to the upside. 

The broader message is that we think it makes sense to rely more heavily on then

distribution of the actual funds rate and the behavior of the broad economy and
financial conditions relative to those settings to guide views of the appropriate
long-term interest rate, compared to the more common structural and statistical
estimates, and we worry that many investors still remain too anchored in the
experience of the post-GFC cycle. Our preferred framework for the way that US
monetary policy operates—in which changes in financial conditions matter more for
growth than levels—also provides less of a role for a stable, well-defined neutral
rate.

The Fed and Neutral—Actions Speak Louder Than Words 

As the Fed tightening cycle moves into its closing stages, markets are becoming more 
focused on where the funds rate should settle over the long term. Our Rates team and 
our US economists have consistently argued that the so-called “neutral” funds rate is 
likely to be meaningfully higher than in the last cycle, and well above the Fed’s long-run 
“dot” which has remained anchored at 2.5%. And we have speculated that one side 
effect of a soft landing could be upward pressure on neutral rate pricing. Over the last 
few weeks, many versions of that market rate have hit fresh cycle highs in both real and 
nominal terms and in some cases are approaching pre-GFC levels. Exhibit 1 shows 
various measures of longer-dated real rates: the instantaneous forward rate at 10 and 20 
years calculated by the Fed from Treasury curves, and the commonly followed 
5-year/5-year real yield on US Treasuries. They show the long decline in those measures
and then the sharp reversal higher in the last 18 months or so.
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It is by now a truism that it is hard to be confident in views of neutral and Chair Powell 
has consistently emphasized the uncertainty around views of neutral in describing Fed 
policy. Prominent statistical measures like the Fed’s Holston-Laubach-Williams rate have 
some commonly cited weaknesses. But estimates based on structural forces 
(demographics, fiscal deficits, productivity growth, savings-investment balances) are 
also hard to implement empirically in a way that delivers much precision. We think both 
approaches tend to under-emphasize the key role played by actual and historic policy 
outcomes and what they reveal to the market about where the distribution of policy 
rates belongs in driving perceptions of these longer-term rates. 

Longer-term rate “regimes” more linked to Fed shifts than to macro events 
Stepping back to view the history of the last 20 years or so, what is striking is that 
measures of longer-term instantaneous US rates appear to have been characterized less 
by a continuous process and more by “regimes”. We focus here on the 10-year 
instantaneous real yield (which aims to estimate the spot real yield, 10 years forward), 
but our core arguments here apply to many parts of the forward real and nominal rate 
curve. This is further out than some commonly accepted definitions of the “neutral” real 
rate but is clearly beyond the horizon at which even persistent cyclical pressures should 
matter. Market rates at this horizon embed risk premia as well, so are not directly 
equivalent to a neutral or natural rate measure, but focusing on real instead of nominal 
rates reduces some of the potential wedges from risk premia. 

This part of the bond market appears to have spent periods of time pricing within 
relatively stable ranges before repricing significantly over defined periods and settling 
into a new range. Exhibit 2 suggests that, until the latest repricing higher from 
mid-2022, these longer-dated forward real rates broadly moved in three successively 
lower neutral rate pricing regimes. The timing of the shifts between those regimes 

Exhibit 1: Forward real rates—a long decline and a sharp reversal 

-1

0

1

2

3

4

5

-1

0

1

2

3

4

5

00 02 04 06 08 10 12 14 16 18 20 22

10y US real instantaneous forward rate

20y US real instantaneous forward rate

5y5y US real forward rate

% %

Source: Haver Analytics, Goldman Sachs Global Investment Research

19 September 2023   3

Goldman Sachs Global Markets Analyst

20
1c

a8
ec

06
a6

40
5b

b8
86

17
85

dc
46

b5
e3

https://www.newyorkfed.org/medialibrary/media/research/economists/williams/HLW_2023


provides potentially important clues as to how the market has updated its view of 
neutral rates over time. On these measures, the main shifts lower occurred in August 
2011 and in 2019. A more formal approach, using a Markov switching model, confirms 
those three regimes and those switching periods (Exhibit 3). The model identifies an 
attempt to break back into the prior (higher) regime during the taper tantrum in 
2013/2014 that did not prove durable.1 Only since mid-2022 has the market durably 
pushed longer-term rates back into a higher regime, with a further step to the pre-2011 
regime identified by the latest move up in rates in August of this year. 

What is also striking is that the timing of these “regime shifts” does not map well to 
key information about savings/investment balances or many of the main drivers of 
structural views of neutral rates. There was no major decline in neutral rate pricing 
around the Global Financial Crisis or the immediate recovery period and QE launch (nor 
earlier during the tech bubble collapse). More recently, the shift to a third lower neutral 
regime largely preceded the COVID pandemic onset and held through the most 
significant period of recovery and the largest fiscal boosts of the pandemic in 2021 and 
early 2022. Instead, what distinguishes those dates more clearly in our view are shifts in 
the policy rate environment itself that made the distributions of the prior “regime” 
untenable. 

In August 2011, the Fed introduced calendar-based forward guidance, promising to keep 
rates at the zero lower bound for at least two more years (so close to 5 years 
cumulatively). This occurred at a time when the US economy stumbled again, and large 
fiscal restraint was baked into the resolution of the debt ceiling crisis. At that point, the 
market may have decided that, with the funds rate set to spend a multi-year period at 
the bottom end of the previous cycle’s prior 0-6pct range, it needed to lower its 
expectations about the distribution of rates further along the curve. In late 2018, the 
realization that the Fed hiking cycle had peaked at a 2.5% rate— a move confirmed by 
Fed rate cuts starting in July 2019—made it hard to price the long-term rate 
meaningfully above that level. In 2022, the acceleration of the Fed hiking cycle to a 50bp 

1  There was also a significant though smaller spike in real yields in early 2021 on the back of vaccine-related 
optimism that was not enough for the model to identify a regime switch.

Exhibit 2: Forward real rates appear to have repriced in stages Exhibit 3: Three successively lower regimes in forward real rates, 
and now a rebound 
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pace in May 2022 and 75bp pace in June 2022 made it far easier to envisage policy 
rates exceeding the 2018 peak (and more recently the peaks of the 2004-06 cycle) than 
when policy rate changes were seen to be capped at 25bp increments. And now, an 
economy that appears to be avoiding recession with a funds rate firmly above 5pct has 
made it easier for markets to entertain that rates could more persistently stay close to 
current levels. Even the attempt to revert to the pre-2011 regime in 2013/2014 was 
clearly related to the perceived shift in the Fed’s policy stance amidst the taper tantrum 
and hopes of an earlier exit from zero rates. 

The simple fact here is that new information about the likely limits of the Fed’s fund rate 
distribution, and what they reveal about the economic context, seem to have mattered 
much more than information about shocks to the economy itself. This may seem like a 
trivial insight. But given the standard view that it is real economic forces that drive 
neutral rates and not the Fed, it is surprising that the biggest repricings in neutral rates 
were associated not with the collapse of the global financial system, not with the onset 
of a global pandemic, not with the massive income replacement that followed it, and not 
with the pandemic discovery of an effective vaccine but instead alongside Fed policy 
decisions that challenged prevailing pricing of the distribution of the future funds rate. 

What the Fed does, not just what the Fed says 
It is not a new insight to see the Fed’s actions as important drivers of longer-term rates 
and of the distribution of the longer-term funds rate. Sebastian Hillenbrand has, for 
instance, illustrated that between 1994 and 2021, shifts in longer-dated yields in short 
windows around FOMC meetings could account for essentially all the declines in yields 
over that period. The same is broadly true for the instantaneous forward measures of 
real and nominal rates that we have presented here. Hillenbrand’s preferred explanation 
was that Fed communication and long-term guidance play a key role in driving neutral 
rate views both because the Fed may have superior information about where that rate 
lies and because it may serve as a “coordinating mechanism” for investors.2 

We are skeptical, though, that the importance of Fed events reflects any special insight 
the Fed has into where neutral or longer-term rates lie. The Fed’s track record of 
forecasting longer-term rates is not obviously better than the market’s (for instance, late 
2018’s “a long way from neutral” comment). In general, the Fed appears to have learned 
that its prevailing longer-run rate view needed to be adjusted from the behavior of the 
economy much like everyone else. It is notable too that the Hillenbrand pattern that 
prevailed as rates fell does not hold as rates have moved higher since 2020. Updating 
yield shifts around FOMC windows shows that, unlike the long move lower in rates, the 
move higher in the market’s longer-term rate pricing over the last 18 months has not 
been driven by these FOMC periods. In fact, FOMC meeting windows have remained a 
source of downward drift in rates even over the last year as rates rose sharply. Nor has 
the move higher in yields been validated by the Fed’s long-term dot, which remains 
stuck at 2.5%, although our US economists expect that dot to rise to 2.75% at the 
upcoming meeting. 

2  We too have found that neutral rate pricing does seem to have been responsive to shifts in the Fed’s 
long-term “dots” since 2011, when the SEP process was launched.
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We suspect that this may be in part because the Fed is much more reluctant to surprise 
markets at FOMC meetings when tightening than when easing policy (an asymmetry 
which would mean that cumulated Fed surprises will be negative over long periods of 
time). But the fact that market repricing has risen so substantially without any validation 
from the Fed’s long-term dots is also hard to square with a market that systematically 
credits the Fed with special insight into the appropriate longer-term rate. Ultimately it 
may matter as much, if not more, what the Fed does (or promises to do) with the funds 
rate as what they say about the long-term view. As in prior regime shifts, the most 
obvious explanation for the shifts in longer-term rate pricing since 2022 is simply that 
realized policy outcomes made the prior pricing untenable. 

Guided by the funds rate range 
Our interpretation of the evidence is that the market updates its views of the long-term 
policy rate distribution over time based in part on a mix of Fed communications and the 
economic outlook. But we think the timing of the shifts in long-term rate pricing suggest 
that the actual realization of policy and recent history of the funds rate and its 
relationship with the economic backdrop (particularly at the limits of its ranges) play a 
key role in informing that distribution. The market understands that Fed policy generally 
spends time in a relatively narrow range during stable expansions; falls sharply in 
recessions and then rises again in recoveries. It has an assumed range for the funds 
rate in mind, based in part on realized historic ranges, alongside the Fed’s 
communications and the current cyclical state. Only when that distribution is 
fundamentally challenged has it generally attempted to adjust its views. 

Exhibit 6, for instance, shows a rolling maximum and minimum Fed funds rate (with a 
4-year lookback) as a simple illustration of the information from realized history. In the
2001/02 recession, for instance, the Fed funds rate fell sharply to 1pct. But the market
reassessed its view of the long-term rate only modestly. The judgment was that the
sharp drop in the funds rate was likely to prove temporary and that, as the temporary
forces holding the economy back reversed, the funds rate would return to its prior
levels. With rates moving higher steadily after only a limited period at the lows, that
view was mostly validated as the funds rate recovered. The market held onto a similar

Exhibit 4: FOMC meeting windows have not captured the move 
higher in rates… 

Exhibit 5: …nor have the Fed dots 
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view in the early years of the post-GFC recovery—viewing the pressures as a temporary 
shock that would recede. But the long period of zero rates, cemented by forward 
guidance in 2011, fundamentally challenged that assumption. A similar process has 
happened over the last two years in reverse, with the sharp shifts in Fed policy opening 
a part of the funds rate distribution again that the market had assumed was closed. In 
essence, if rates are at zero for an extended period and the economy is still struggling 
how plausible is it that the “neutral” rate can be at 5-6%? If rates are at 5% and the 
economy is relatively resilient how plausible is it that the “neutral” rate can be at 2.5%? 

Like most approaches to determining the appropriate long-term interest rate, validating 
or operationalizing this kind of approach with much confidence is difficult. There are too 
few episodes and too many potential drivers of the long-term rate and the extent to 
which the market acknowledges shifts ahead of time likely varies across different 
episodes. But we think two simple illustrations are helpful. The first is just the ranges of 
past policy cycles versus the pricing of that forward rate at the end of those periods. As 
that shows, the current funds rate range from this latest cycle (2020-present) is now 
broadly comparable to the funds rate range in the 2001-2007 cycle. Exhibit 7 shows that 
the market has generally priced towards the upper end of the recent policy range or 
above it. The second illustration mimics a simplistic version of the approach to market 
updating described above. Exhibit 8 shows a weighted average of the rolling maximum 
and minimum funds rate paths shown before, subject to a floor during the long zero rate 
period before the 2016-2018 cycle revealed new the policy rate peak.3 It generally 
mirrors the key moves in the market’s pricing of longer-dated forward rates. These 

3 The illustration here shows an 80/20 weighting of the rolling max and minimum funds rates, roughly 
equivalent to the unconditioned probabilities of being in expansion or recession. We set a 2.75pct floor here 
for views of the max fund rate prior to the 2018 cycle peak, when it was revealed to be lower. Simple ways to 
estimate those parameters led to comparable time paths.

Exhibit 6: The Fed funds rate distribution—a declining, then a rising, range 
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assumptions are ad hoc so should not be taken too literally. But we think a more 
nuanced version of this kind of process is often effectively how the market is judging 
the forward distribution. 

Policy itself and financial conditions as guideposts 
The fact that the market pricing of long-term rates has shifted much more around events 
related to the Fed’s actions themselves does not mean that the deeper structural forces 
that are often discussed are not driving the underlying neutral rate. Those deeper forces 
clearly affect the way the economy is operating as reflected through shifting Fed policy. 
From 2008-2010, the market was likely already wrong to expect that the post-GFC 
headwinds would abate quickly, for instance, even if it took until 2011 for pricing to 
acknowledge that. It is plausible that shifts in Fed policy ranges are the way in which the 
market learns about and updates its pricing of those deeper forces. 

But we think two points are important in this context. First, regardless of whether 
deeper structural forces are shifting the long-term rate pricing but those shifts are 
mostly revealed through policy, or whether the neutral rate itself is not well-defined, the 
practical implications may be similar. The bottom line is that Fed actions that challenge 
the prevailing view of the long-term distribution seem to shift neutral rate pricing more 
consistently than large shifts in the economic outlook. Second, our preferred framework 
for the way that US monetary policy operates does provide less of a role for a stable, 
well-defined neutral rate. We find that changes in financial conditions matter more than 
levels for growth outcomes. Changes in financial conditions are themselves delivered 
mostly by Fed policy “surprises” or by other shocks to the growth or financial outlook. In 
this framework, in which changes in policy matter as much if not more than levels, the 
“neutral” levels of financial conditions and the “neutral” rate that underpins them may 
not be as stable a structural parameter as the standard view implies. And a sequence of 
large enough shocks (including policy shocks) may be enough to push the appropriate 
long-term rate into new regimes. In that case, it makes sense to put less weight on 
structural priors about where the neutral rate belongs and more weight on the behavior 
of financial conditions and performance of the economy at a given funds rate. 

Exhibit 7: Forward rates have generally priced near the top of the 
prior funds rate range 

Exhibit 8: A simple illustration of the Fed funds distribution 
captures key shifts in forward rates 
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Upside risk to forward rates the longer we survive a 5%-plus funds rate 
The implications of this logic for the current environment are simple. The Fed funds 
range has essentially already returned to the levels of the pre-GFC cycle ranges and that 
period is likely to provide the better template than the post-2008 period. The longer we 
spend time with a 5%-plus funds rate, the more likely it is that we are to anchor towards 
the upper end of that range. This is why we have argued that greater acceptance of a 
soft landing could keep the market’s neutral rate views under upward pressure. 

Markets have shifted in that direction significantly but still view the current level of the 
funds rates as well above likely “neutral” pricing (as do our own current forecasts), and 
as highly restrictive and likely to prove temporary. If the economy continues to behave in 
a way consistent with only average recession probabilities (as we believe is currently the 
case), the risks to those forward rates are probably still modestly to the upside. Rolling 
forward the simple exercise from earlier using our policy rate forecasts suggests that 
current pricing is now much more appropriate but suggests it could certainly move 
higher if either the funds rate itself is nudged up further or as the possibility of zero rate 
policies becomes a more distant memory (Exhibit 9). 

The broader message, beyond humility, is that we think it makes sense to rely more 
heavily on the likely distribution of the actual funds rate and the behavior of the broad 
economy and financial conditions relative to those settings to guide views of the 
appropriate long-term interest rate. Analysis of the nature of the cycle may provide more 
clues to that distribution, and hence the neutral rate, than the more common structural 
and statistical estimates. A relatively unstable, imprecisely estimated parameter that is 
best revealed by the actual performance of the economy and policy rates is not a very 
helpful lodestar. And we worry that many investors remain too anchored still in the 
experience of the post-GFC cycle. An extended private sector deleveraging cycle 
alongside public sector austerity is a very different environment from one with strong 

Exhibit 9: Fed funds range aligns with higher forward rates 
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private sector balance sheets and persistently supportive fiscal policy. Capturing those 
differences adequately in a structural model of the neutral rate is hard, so what realized 
policy tells us about the likely funds rate range may prove at least as good an anchor. 

Dominic Wilson 

Vickie Chang
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professionals reporting to analysts and members of their households from owning securities of any company in the analyst’s area of coverage.  
Analyst compensation:  Analysts are paid in part based on the profitability of Goldman Sachs, which includes investment banking revenues.  Analyst 
as officer or director: Goldman Sachs policy generally prohibits its analysts, persons reporting to analysts or members of their households from 
serving as an officer, director or advisor of any company in the analyst’s area of coverage.  Non-U.S. Analysts:  Non-U.S. analysts may not be 
associated persons of Goldman Sachs & Co. LLC and therefore may not be subject to FINRA Rule 2241 or FINRA Rule 2242 restrictions on 
communications with subject company, public appearances and trading securities held by the analysts.  

Additional disclosures required under the laws and regulations of jurisdictions other than the United States 
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 Global Investment Research 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 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 INH000001493, 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. 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 Investor Grievance E-mail: india-client-support@gs.com. Compliance Officer: Anil 
Rajput |Tel: + 91 22 6616 9000 | Email: anil.m.rajput@gs.com.  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 II 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 Títulos e Valores Mobiliários 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 Comunicação com o Público Goldman Sachs Brasil: 
0800 727 5764 e/ou contatogoldmanbrasil@gs.com. Horário de funcionamento: segunda-feira à sexta-feira (exceto feriados), das 9h às 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 
contrôle prudentiel et de resolution (“ACPR”) and regulated by the Autorité de contrôle prudentiel et de resolution and the Autorité des marches 
financiers (“AMF”) disseminates research in France; GSI - Sucursal en España (Madrid branch) authorized in Spain by the Comisión 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 värdepappersmarknaden) 
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 für 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 España (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’Italia) and the Italian Companies and Exchange Commission (Commissione Nazionale per le Società 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/character-risks.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 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. 

© 2023 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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