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Introduction

Our report, “Bayes and Base Rates,” published in February 2026,
sparked a lot of interest.! The premise of the report is that to
anticipate what is going to happen, it is useful to start with base
rates as a prior probability distribution and to update your view
based on new information. A base rate captures the distribution of
outcomes for a suitable reference class. Observing additional
information allows you to revise that distribution as appropriate.

We applied base rates to the projected sales growth rates of a
couple of companies, including OpenAl, a leader in artificial
intelligence research. In particular, we focused on forecasts
published in the press that suggested the company would have
sales of $145 billion in 2029, up from $3.7 billion in 2024.2 That is
a compound annual growth rate (CAGR) of 108 percent.

Shortly after the report was written, the company increased its
sales projection for 2029 to $184 billion.® That is a CAGR of 118
percent from 2024.

We asked how plausible these forecasts are in the context of
history. To answer, we looked at the 5-year sales growth rates for
all U.S. public companies from 1950 to 2024, which included
about 18,900 firm-period observations. No company had ever
grown that fast.

The closest was America Online (AOL) with a 103 percent CAGR
from 1997 to 2001. AOL achieved that gain because it was the
surviving entity following a merger of equals with Time Warner in
early 2001. Time Warner's sales were more than five times those
of AOL at the time of the merger agreement. We have more on
the fastest-growing companies below.

OpenAl is reported to have had sales of $13.1 billion in 2025. The
company forecasts $284 billion in 2030, a 5-year CAGR of 85
percent.* Here again, no company has ever grown that fast from
beginning sales of that amount.
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We heard three recurring questions. The first was whether it is better to present the growth rates based on
figures that are nominal (i.e., as reported) or adjusted for inflation (i.e., real). Next was whether narrowing the
sample to reflect a specific sector or industry would offer insight. The final question was whether base rates
apply at all, given that generative artificial intelligence is a general purpose technology that is growing rapidly.
In other words, is the past really prologue?

Two points are worth emphasizing before answering those questions. The first is that base rates are dynamic
distributions. That means they change as the world changes. There is nothing in past results that says OpenAl’s
projected rates of growth are unachievable. Still, there is value in knowing that this would be a novel
accomplishment were it to occur.

Second, growth in sales and creating value are separate concepts. Sales growth is essential for achieving
economies of scale, especially for businesses with a high percentage of costs that are fixed. But it is also possible
to grow rapidly and fail to earn a satisfactory return on investment. You must consider growth in the context of
value creation.

Answering the Questions

Nominal versus real. We chose to reflect our data in nominal terms for the recent report because most investors
and executives think about sales in those terms. (We always adjust the beginning sales to reflect inflation.) In
the past, we have written about base rates for sales growth and presented the data in real terms.5

Removing the effect of inflation lowers the past growth rates and, presuming forecasts reflect inflation, reduces
comparability. Exhibit 1 shows the distribution of 5-year sales growth rates for U.S. public companies with
beginning sales of $2-5 billion from 1950 to 2025. The growth rates are nominal on the top and real on the
bottom. The sample is just shy of 19,300 firm-period observations.

The mean nominal CAGR is 6.9 percent, and the standard deviation is 11.1 percent. Assuming an approximation
based on a normal distribution, this implies about a 9.1 standard deviation outcome for OpenAl based on the
original estimate, and a 10.0 standard deviation result considering the updated forecast.

Outcomes of this magnitude are essentially impossible. While the projected growth rates do reflect high
expectations, these statistics do not apply literally because sales growth rates do not fit a perfect normal
distribution.

The mean real CAGR is 3.7 percent, and the standard deviation is 10.6 percent. Deflating the sales growth rates
to reflect inflation produces similar extreme outcomes.
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Exhibit 1: Base Rates of Nominal and Real 5-Year Sales Growth for Firms With $2-5 Billion in
Sales, 1950-2025
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Refining the sample to reflect the sector or industry. Before we get into the numbers, it is important to
remember that this question seems to stem from the conjunction fallacy. With this cognitive bias, people perceive
incorrectly that a narrow but specific scenario is more likely than a broader one.®

In this case, the perception is that the results would look better if the sample were distilled to information
technology, or even further to software. But of course all of the numbers for all of the companies are in the larger
sample. No subset of the full sample will reveal a company that grew faster than what the full sample shows.

Here are the figures. If we reduce the sample to the information technology sector (using the same beginning
sales and time period), the average nominal 5-year CAGR of sales is 6.1 percent, and the standard deviation of
growth is 13.3 percent. The average growth is lower than that of the full sample, but the standard deviation is
higher. This implies that the original forecast of $145 billion of sales in 2029 is a 7.7 standard deviation event.
The sample size of 1,610 is less than one-tenth of the full sample.

If we further narrow the sample to the software and services industry group, the number of firm-period
observations shrinks to 580, the average sales growth rate drops to 5.1 percent, and the standard deviation
rises to 14.7 percent.

Finally, if we narrow the industry to software, the sample drops to 350 and the CAGR of sales is 5.4 percent with
a standard deviation of 14.7 percent.

In the latter two cases, the projected outcomes are events with a standard deviation of about seven. To put this
in context, positive growth that is equal to a 7 standard deviation outcome is expected to occur roughly 1 in every
780 billion trials, assuming a normal distribution.

Application of base rates given a changing world. The main challenge in the proper use of base rates is
finding an appropriate reference class.” The issue is whether the advent of generative artificial intelligence will
render past growth rates meaningless.

There are at least three reasons to question the applicability of past sales growth rates. The first is that the rate
of adoption is unprecedented. ChatGPT, OpenAl’s best-known product, reached 100 million monthly active
users in just 2 months, much faster than it took other well-known products, including TikTok, Instagram, and
Facebook. ChatGPT’s diffusion has been historic.

Second, OpenAl is growing rapidly. Sales in 2025 were reported to be $13.1 billion, a growth rate of about 255
percent versus 2024. Other companies have grown at that rate or faster in the past, but in most cases it was the
result of an acquisition or a cyclical rebound.

And it is not just OpenAl. Anthropic, a competing artificial intelligence company, reportedly hit an annual run rate
of $30 billion in revenue in early 2026, more than triple its run rate at the end of 2025.8

Third, sales growth is consistently higher for companies with more intangible asset intensity than for those with
less.?® The standard deviation of the growth rates follows the same pattern, with higher intangible intensity
associated with greater variability. As the economy shifts toward increased investment in intangible capital, base
rates need to be recast.

One counterpoint is that there has been a lot of innovation and disruption in the past 75 years, including the
launch of other general purpose technologies (GPTs), including the integrated circuit (1958) and the commercial
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internet (1991). GPTs are defined by pervasiveness, continuous improvement, and the ability to enable
innovation. Generative artificial intelligence is the latest GPT.

Another is that OpenAl and other firms that maintain frontier generative artificial intelligence models rely on
tangible infrastructure to support their growth. Large-scale projects are prone to delays and cost overruns.0

Exhibit 2 shows how real 5-year sales CAGRs have changed over the decades for companies with initial sales
of $2-5 billion. We measure all initial sales in constant dollars to ensure comparability. As a reminder, the average
real CAGR for the full sample is 3.7 percent, and the standard deviation is 10.6 percent.

Exhibit 2: Base Rates of 5-Year Real Sales CAGRs for Firms With $2-5 Billion in Sales by
Decade, 1950s-2010s

1950s 1960s 1970s 1980s 1990s 2000s 2010s

Sales growth (mean) 4.5% 7.5% 5.1% 21% 4.9% 3.2% 2.4%
Sales growth (median) 4.1% 6.3% 5.1% 2.4% 3.9% 3.0% 2.3%
Standard deviation 5.4% 7.2% 8.5% 11.1% 12.6% 11.2% 10.2%
Real GDP growth 4.2% 4.5% 3.2% 3.1% 3.2% 1.9% 2.4%

Source: Counterpoint Global, Compustat; FactSet.

Note: Sample assigned to decades based on the first year of growth period (e.g., growth from 2008-2012 is in the 2000s).
Average and median growth rates in the 1950s, 1960s, and 1970s were higher than that for the full period, albeit
with lower standard deviations. The 1990s also had growth above the average, which was accompanied by an
above-average standard deviation.

Growth in the 21st century has been below the average with a standard deviation similar to the average. The
growth rate by decade correlates well with GDP growth. In particular, GDP growth was well above the average
of the complete period in the 1950s and 1960s and well below it in the 2000s and 2010s.

Sticking with the cohort of companies with initial sales of $2-5 billion, we also looked at those that achieved 5-
year nominal CAGRs in sales that put them in the top 25 of all instances from 1950 to 2025. A couple of
observations stand out. First, the majority of the companies on the list grew mostly through mergers and
acquisitions (M&A). AOL’s merger with Time Warner is a good example.

About one-half of the occurrences were in the 1990s. While only about one-third of the sample is from the 21st
century, those companies had an above-average rate of organic growth, including Alphabet, Block, and Tesla.
The remainder were in the 1960s and 1970s, and M&A was again the main driver.
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Conclusion

Forecasters commonly think the problem they are working on is unique. But substantial research shows it is
useful to start with base rates as a prior probability distribution.!" We applied this approach to companies in the
artificial intelligence industry that have projections for sales growth rates that are higher than any level achieved
by a public company of comparable size since 1950.

We heard questions about whether the data should be presented with or without inflation, if narrowing the sample
to reflect a sector, industry group, or industry would reveal more insight, and whether past figures are relevant
at all given that artificial intelligence is the latest general purpose technology.

Base rates are dynamic distributions that morph over time. For instance, companies with large beginning sales
have grown faster in recent years than history would suggest.'? That said, OpenAl’s forecasts imply growth rates
well beyond what any public company in the U.S. of that size has achieved in the past 75 years.?

We show base rates using nominal and real (i.e., adjusted for inflation) growth, and neither alters the conclusion
that reaching the expected levels of sales will be hard.

The inclination to narrow the sample to a particular sector or industry appears to reflect a bias called the
conjunction fallacy. The full sample includes all firm-period observations, so no subset will show a company with
faster growth than what you will find in the complete population.

There are reasons to believe OpenAl may defy the odds that base rates suggest. These include rapid adoption
of the product, high (but not unprecedented) one-year sales growth, and the fact that intangible-intensive
businesses have proven they can grow fast.

On the other hand, there have been numerous disruptive innovations since 1950, and generative artificial
intelligence is the latest in a series. Further, most of the companies atop the leaderboard of sales growth have
gotten there through M&A rather than organically.
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IMPORTANT INFORMATION

The views and opinions and/or analysis expressed are those of the author as of the date of preparation of this
material and are subject to change at any time due to market or economic conditions and may not necessarily
come to pass. Furthermore, the views will not be updated or otherwise revised to reflect information that
subsequently becomes available or circumstances existing, or changes occurring, after the date of publication.
The views expressed do not reflect the opinions of all investment personnel at Morgan Stanley Investment
Management (MSIM) and its subsidiaries and affiliates (collectively “the Firm”), and may not be reflected in all
the strategies and products that the Firm offers.

Forecasts and/or estimates provided herein are subject to change and may not actually come to pass.
Information regarding expected market returns and market outlooks is based on the research, analysis and
opinions of the authors or the investment team. These conclusions are speculative in nature, may not come to
pass and are not intended to predict the future performance of any specific strategy or product the Firm offers.
Future results may differ significantly depending on factors such as changes in securities or financial markets or
general economic conditions.

Past performance is no guarantee of future results. This material has been prepared on the basis of publicly
available information, internally developed data and other third-party sources believed to be reliable. However,
no assurances are provided regarding the reliability of such information and the Firm has not sought to
independently verify information taken from public and third-party sources. The views expressed in the books
and articles referenced in this whitepaper are not necessarily endorsed by the Firm.

This material is a general communications which is not impartial and has been prepared solely for
information and educational purposes and does not constitute an offer or a recommendation to buy or
sell any particular security or to adopt any specific investment strategy or product. The material contained
herein has not been based on a consideration of any individual client circumstances and is not investment
advice, nor should it be construed in any way as tax, accounting, legal or regulatory advice. To that end, investors
should seek independent legal and financial advice, including advice as to tax consequences, before making
any investment decision.

Charts and graphs provided herein are for illustrative purposes only. Any securities referenced herein are solely
for illustrative purposes only and should not be construed as a recommendation for investment.

The indexes referred to herein are the intellectual property (including registered trademarks) of the applicable
licensors. Any product based on an index is in no way sponsored, endorsed, sold or promoted by the applicable
licensor and it shall not have any liability with respect thereto.

This material is not a product of Morgan Stanley’s Research Department and should not be regarded as a
research material or a recommendation.

The Firm has not authorised financial intermediaries to use and to distribute this material, unless such use and
distribution is made in accordance with applicable law and regulation. Additionally, financial intermediaries are
required to satisfy themselves that the information in this material is appropriate for any person to whom they
provide this material in view of that person’s circumstances and purpose. The Firm shall not be liable for, and
accepts no liability for, the use or misuse of this material by any such financial intermediary.

The whole or any part of this work may not be directly or indirectly reproduced, copied, modified, used to create
a derivative work, performed, displayed, published, posted, licensed, framed, distributed or transmitted or any
of its contents disclosed to third parties without MSIM’s express written consent. This work may not be linked to
unless such hyperlink is for personal and non-commercial use. All information contained herein is proprietary
and is protected under copyright and other applicable law.

Eaton Vance is part of Morgan Stanley Investment Management. Morgan Stanley Investment Management is
the asset management division of Morgan Stanley.

This material may be translated into other languages. Where such a translation is made this English version
remains definitive. If there are any discrepancies between the English version and any version of this material
in another language, the English version shall prevail.
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DISTRIBUTION

This material is only intended for and will only be distributed to persons resident in jurisdictions where
such distribution or availability would not be contrary to local laws or regulations.

MSIM, the asset management division of Morgan Stanley (NYSE: MS), and its affiliates have
arrangements in place to market each other’s products and services. Each MSIM affiliate is regulated
as appropriate in the jurisdiction it operates. MSIM’s affiliates are: Calvert Research and Management,
Eaton Vance Management, Parametric Portfolio Associates LLC, Parametric SAS, and Atlanta Capital
Management LLC.

This material has been issued by any one or more of the following entities:

EMEA
This material is for Professional Clients/Accredited Investors only.

In the EU, MSIM materials are issued by MSIM Fund Management (Ireland) Limited (“FMIL”). FMIL is regulated
by the Central Bank of Ireland and is incorporated in Ireland as a private company limited by shares with
company registration number 616661 and has its registered address at 24-26 City Quay, Dublin 2, DO2 NY19,
Ireland.

Outside the EU, MSIM materials are issued by Morgan Stanley Investment Management Limited (MSIM Ltd) is
authorised and regulated by the Financial Conduct Authority. Registered in England. Registered No. 1981121.
Registered Office: 25 Cabot Square, Canary Wharf, London E14 4QA.

In Switzerland, MSIM materials are issued by Morgan Stanley & Co. International plc, London (Zurich Branch)
Authorised and regulated by the Eidgendssische Finanzmarktaufsicht ("FINMA"). Registered Office:
Beethovenstrasse 33, 8002 Zurich, Switzerland.

Italy: MSIM FMIL (Milan Branch), (Sede Secondaria di Milano) Palazzo Serbelloni Corso Venezia, 16 20121
Milano, Italy. The Netherlands: MSIM FMIL (Amsterdam Branch), Rembrandt Tower, 11th Floor Amstelplein 1
1096HA, Netherlands. France: MSIM FMIL (Paris Branch), 61 rue de Monceau 75008 Paris, France. Spain:
MSIM FMIL (Madrid Branch), Calle Serrano 55, 28006, Madrid, Spain. Germany: MSIM FMIL Frankfurt Branch,
Grol3e GallusstralRe 18, 60312 Frankfurt am Main, Germany (Gattung: Zweigniederlassung (FDI) gem. § 53b
KWG). Denmark: MSIM FMIL (Copenhagen Branch), Gorrissen Federspiel, Axel Towers, Axeltorv2, 1609
Copenhagen V, Denmark.

MIDDLE EAST

Dubai International Financial Centre: This information does not constitute or form part of any offer to issue or
sell, or any solicitation of any offer to subscribe for or purchase, any securities or investment products in the
UAE (including the Dubai International Financial Centre and the Abu Dhabi Global Market) and accordingly
should not be construed as such. Furthermore, this information is being made available on the basis that the
recipient acknowledges and understands that the entities and securities to which it may relate have not been
approved, licensed by or registered with the UAE Central Bank, the Dubai Financial Services Authority, the UAE
Securities and Commodities Authority, the Financial Services Regulatory Authority or any other relevant
licensing authority or government agency in the UAE. The content of this report has not been approved by or
filed with the UAE Central Bank, the Dubai Financial Services Authority, the UAE Securities and Commodities
Authority or the Financial Services Regulatory Authority.

u.s.
NOT FDIC INSURED | OFFER NO BANK GUARANTEE | MAY LOSE VALUE | NOT INSURED BY ANY
FEDERAL GOVERNMENT AGENCY | NOT A DEPOSIT

ASIA PACIFIC

Hong Kong: This document has been issued by Morgan Stanley Asia Limited, CE No. AAD291, for use in Hong
Kong and shall only be made available to “professional investors” as defined under the Securities and Futures
Ordinance of Hong Kong (Cap 571). The contents of this document have not been reviewed nor approved by
any regulatory authority including the Securities and Futures Commission in Hong Kong. Accordingly, save
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where an exemption is available under the relevant law, this document shall not be issued, circulated, distributed,
directed at, or made available to, the public in Hong Kong. Singapore: This material is disseminated by Morgan
Stanley Investment Management Company, Registration No. 199002743C. This material may not be circulated
or distributed, whether directly or indirectly, to persons in Singapore other than to (i) an accredited investor, (ii)
an institutional investor as defined in Section 4A of the Securities and Futures Act, Chapter 289 of Singapore
(“SFA”); or (iii) otherwise pursuant to, and in accordance with the conditions of, any other applicable provision
of the SFA. This publication has not been reviewed by the Monetary Authority of Singapore. Australia: This
material is provided by Morgan Stanley Investment Management (Australia) Pty Ltd ABN 22122040037, AFSL
No. 314182 and its affiliates and does not constitute an offer of interests. Morgan Stanley Investment
Management (Australia) Pty Limited arranges for MSIM affiliates to provide financial services to Australian
wholesale clients. This material will not be lodged with the Australian Securities and Investments Commission.

Japan

This material may not be circulated or distributed, whether directly or indirectly, to persons in Japan other than
to (i) a professional investor as defined in Article 2 of the Financial Instruments and Exchange Act (“FIEA”) or
(i) otherwise pursuant to, and in accordance with the conditions of, any other allocable provision of the FIEA.
This material is disseminated in Japan by Morgan Stanley Investment Management (Japan) Co., Ltd.,
Registered No. 410 (Director of Kanto Local Finance Bureau (Financial Instruments Firms)), Membership: the
Japan Securities Dealers Association, The Investment Trusts Association, Japan, the Japan Investment
Advisers Association and the Type Il Financial Instruments Firms Association.




