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Do not use the CAPM in capital budgeting:
Essence and Appearance
Jin Yoo*
Abstract
We examine theoretically and critically whether the CAPM can be used in capital
budgeting and prove that it cannot. The most obvious reason is that the CAPM itself never
allows for its use in evaluating firms’ investment projects, if understood correctly. Using
the CAPM for capital budgeting is essentially applying a price-based theory to a cash-flowbased world and a perfect securities diversification model to firms undiversified in project
investment. We prove against the CAPM for capital budgeting in independent rationales
based on differences between securities and real investment, low-beta-stock problems,
and on other superior models to the CAPM. Three testable hypotheses and four possible
reasons for the ongoing use of the CAPM for capital budgeting are also provided. This
paper will provide theoretical rationales and practical interpretations of the significant
differences between firms’ hurdle rates and the costs of capital reported by previous
studies.
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I.

Introduction

In the fairy tale written by French novelist Gabrielle-Suzanne Barbot de Villeneuve,
Beauty and the Beast did not appear to make a good couple at first but they ultimately
made one, or even a perfect couple. This shows a difference between essence and
appearance. Although they looked unmatched to each other in appearance, they had much
in common in essence (such as good and warm-hearted people) and eventually made a
lovely couple. Not only in fairy tales but in reality, essence and appearance of someone or
something can be disparate. For instance, two concepts may appear closely related to each
other even though they are not, or vice versa. We contend that the capital asset pricing
model (CAPM) and firms’ capital budgeting are one such example. They appear close to
each other for multiple reasons. For instance, both area about firms: firms’ stocks and
firms’ projects. Specifically, both are investment-related, are risk-related, and use the term
“rate of return” such as expected rate of return for the CAPM and internal rate of return or
IRR for capital budgeting. Despite these similarities in appearance, however, the CAPM
and capital budgeting have fundamental qualitative differences in essence, which will be
explored throughout this study. If the similarities appear more compelling than the
differences, the CAPM and capital budgeting may be viewed as more closely related than
in actuality. Therefore, we need to understand exactly how they are related. It can be
shown that using the CAPM in firms’ capital budgeting is essentially applying a pricebased theory to a cash-flow-based world and a perfect securities diversification model to
firms undiversified in their investment projects, both of which are seriously flawed logical
jumps.
Let us discuss this issue in a different dimension. If something is truly right, it is right
from multiple different viewpoints. A good example is the option pricing formulas by
Black and Scholes (1973). They are not just right as the solutions to the partial differential
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equation and the boundary conditions derived by the authors, but also right according to
the martingale pricing methodology suggested by Harrison and Kreps (1979) and
Harrison and Pliska (1981). Furthermore, these formulas can also be proven right in many
other ways, as suggested by Wilmott (2009). Similarly, if something is truly wrong, it can
be proved wrong in multiple different ways. A good example is using the CAPM to estimate
the cost of equity, a component of the weighted average cost of capital (WACC), of a given
investment project of a firm. Up to now, most business schools and major corporate
finance or financial management textbooks have emphasized that CAPM-based expected
returns can be used to estimate the WACC of firms’ investment projects. For instance,
Principles of Corporate Finance by Brealey, Myers and Allen (2017), one of the most
popular corporate finance textbooks, says the following:

The estimated beta of Johnson & Johnson’s common stock is 0.53. Suppose that the
risk-free interest rate is 2% and the market risk premium is 7%. Then the capital
asset pricing model would imply an expected return of 5.7% from J&J’s stock:

𝑟

𝑟

𝛽 𝑟

𝑟

2

.53

7

5.7%

If J&J is contemplating an expansion of its existing business, it would make sense to
discount the forecasted cash flows at 5.7%.1

Fundamentals of Corporate Finance by Ross, Westerfield and Jordan (2019) does the same
thing:

1 This is on page 222 in chapter 9, “Risk and Cost of Capital.” The authors assume that J&J is allequity financed.
3

We saw that Tesla had an estimated beta of 1.19. We could estimate Tesla’s cost of
equity as:

𝑅

𝑅

𝛽

𝑅

𝑅

.0040

1.19

.07

.0873, or 8.73%

Using the SML approach, we calculate that Tesla’s cost of equity is about 8.73%.2

Financial management textbooks such as Brigham and Ehrhardt (2017) are no exception:
they also suggest the CAPM as a method to estimate the cost of capital in real investment
projects.
This convention of using the CAPM to estimate cost of capital has not been seriously
challenged, although some studies such as Jagannathan et al. (2016) have posed realitybased problems of such usage of the CAPM. It seems that those problems have not been
compelling enough to significantly weaken CAPM usage in educational and business
applications. In this paper, we show that, even without such reality-based arguments,
there is a very clear and compelling reason why the CAPM should not be used in capital
budgeting decisions: the CAPM itself rules out such usage, if understood correctly. In other
words, using CAPM-derived discount rates is wrong and even contradictory. In this study,
we verify that such usage of the CAPM is wrong, based on three independent rationales,
where independent means that each rationale holds true whether the other rationales are
right or wrong.
Before examining the main issues, let us ask a few sensible questions as to whether
the use of the CAPM in capital budgeting is meaningful to firms at all. If empirical, these
questions can be also testable hypotheses. First, does the CAPM make firms using it in
This is on page 463 in chapter 14, “Risk and Cost of Capital.” They used 0.004 as 𝑟 since US
Treasury bills were paying about .40 percent when they were writing the book.
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capital budgeting better off? In other words, do firms succeed in their project investment
more often and with a larger profit when using the CAPM in capital budgeting than when
not using it? This question can be tested empirically or even in the form of survey. For
example, the question can be answered by comparing the average project profitability of
a firm in the period when it uses the CAPM in capital budgeting with that when it does not
use it. Specifically, firms’ net incomes, cash flows, or overall profitability before and after
the time they start using the CAPM in capital budgeting can be compared. Second, a major
logic or justification for firms’ use of the CAPM in capital budgeting seems that the CAPM
is, or can, be used to explain and predict the firms’ stock returns: if the CAPM were a model
to evaluate firms’ corporate bonds or intellectual properties, it would not be used in the
firms’ capital budgeting. In this sense, the better the CAPM explains the stock returns of
firms, the more often the CAPM can be used in the firms’ capital budgeting. Then two
related questions arise. Does the CAPM explain the stock returns successfully enough? If not,
there will be little justification to use the CAPM in capital budgeting. Further, following the
same logic, should not a model explaining stock returns more successfully than the CAPM be
used in capital budgeting (rather than the CAPM is used)? For instance, Fama-French five
factor model (2015) or any other model more successful in explaining stock returns than
the CAPM should be used in capital budgeting since these models have a comparative
advantage over the CAPM. Third, firms with a zero or negative beta can, and do, exist in
theory and practice as well. Even the CAPM does not rule out the existence of such firms.
Then, according to the CAPM, these firms’ appropriate discount rates (in NPV) or hurdle
rates (in IRR method) will be as low as or even lower than the risk-free rate. Should these
firms use such a low rate in whatever projects they invest in just because of their CAPM betas?
Further, this can even require that these firms use a zero or negative discount rate if the
risk free rate is almost zero (even negative) as it was in many developed economies in
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several years up to 2020 and the market premium is above a certain level. A Firm’ beta is
determined by the correlation between the firm’s stock returns and the market returns.
The beta is not necessarily closely related to (undiversifiable) idiosyncratic risks of
investment projects of the firm. That is, just because a firm has a low beta, including a zero
or negative one, does not necessarily mean that the firm would be willing to accept low
return projects. Instead, a low beta of firm X only means that X is (very) different from
many other firms in terms of the characteristic of business it runs, the industry in which
it operates, etc. However, just because X is different from many other firms in these points
does not necessarily mean that X is willing to accept lower returns on its projects than
other firms are. As an example, let us say that firm X operates in defense industry, mostly
producing missiles or other weapons. X is more likely to have a negative beta than many
other firms in that the value or stock price of X can rise more (less) during a war or
geopolitical crisis (a peace time) than other firms. However, this does not always mean
that X requires lower returns on its projects than other firms. X can be a firm, which mainly
buys and holds gold. Given that gold price tends to rise more when overall financial
markets fall as in the Russian invasion of Ukraine than when overall financial markets rise,
the beta of X can be negative. Does this mean that X is willing to accept lower returns (on
their gold investment) than other firms are? Further, as an analogy, X may be a person,
who belongs to a minority group in a society, say a high school class, in terms of race,
weight, height, sex, etc. Just because X is different from many other students in the class
in those criteria does not necessarily mean that X is willing to accept a lower grade than
are others. Fourth, is it possible that the beta of firm X changes even though X continues to
invest in basically the same, or similar, projects in the same industry? Yes, it is possible since
beta is determined not by X’s own characteristics but by the relationship between X and
(most) other firms, or specifically, by the correlation between the stock returns of X and
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the stock returns of most other firms or the market. That is, even though X does not change
in terms of its business, the beta of X can change over time if other firms as a whole change.
A good illustration of this can be a brick-and-mortar business or firm (X). By the nature of
such business, X’s projects (risk) do not change much even in the long term. However,
many other firms or the whole economy can change much in the long term, at least more
than X can. For example, the beta of a construction or a warehouse company (X) or
industry may have been closer to 1 in 1970’s than it is in 2010’s. To the extent that this is
true, X should not use its beta-derived discount rate in capital budgeting. If it does, it
applies its different and changing discount rates to its basically unchanging projects in
terms of risk, profitability, etc.
Regarding differences between this study and others on the CAPM and capital
budgeting, the first distinction is that this study does not rely as much on reality-based
reasons to critique “the CAPM for capital budgeting” as others have done. For example,
Jagannathan et al. (2016) point out that firms use discount rates higher than their WACCs
computed using the CAPM largely because of operational constraints such as
organizational and managerial constraints. However, even without relying on those
practical issues, we can show that its use in capital budgeting is wrong. For instance, if the
beta of a firm is very low or even negative, its CAPM-derived discount rate can be close to
or lower than a risk-free rate, which is unacceptable in theory or practice because, for an
average firm, many projects are risky and those risks can hardly be diversified away. The
second distinction is that this study is inherently theoretical rather than survey-oriented
or empirical. In general, the findings of survey-oriented or empirical studies can be
sensitive to sample firms, sample periods, and methodologies used in the studies in ways
this study will not be. Third, some analytical studies arguing against the CAPM for capital
budgeting use counterexamples or special cases, or point out relatively minor problems.
7

For instance, Magni (2007) shows that project valuation via the CAPM contradicts noarbitrage principle, employing a counterexample. Rendleman (1978) points out that
ranking errors can occur when firms’ projects are evaluated by comparing CAPM-based
expected returns and internal returns of the projects. Unlike these studies, however, the
current study deals with fundamental and far-reaching problems of using the CAPM in
capital budgeting, not relying on a few counterexamples or the likes.
A few interesting studies, including the most recent ones, on (CAPM-derived) costs
of capital are as follows. Graham (2022) conducts CFO surveys on the practice of finance,
including capital budgeting decision rules. The surveys show that at least 75% of large
firms always or almost always use IRR (and hurdle-rate) in their capital budgeting. Second,
firms’ hurdle rates have been 6% point higher than standard cost of capital estimates on
average for at least two decades. Third, the hurdle rates have been very sticky, having
changed about two or three percentage points over the last 35 years, implying that firms
do not base their hurdle rates on a current, market-based cost of capital.3 Further, among
the minority of firms that changed their hurdle rates twice or more during the last decade,
only 20 % of them changed the rates because of a change in beta. All these findings from
decades-long data indicate that firms’ hurdle rates in evaluating their projects can be
significantly different from their costs of capital calculated from the CAPM. Dessaint et al.
(2021) find that using the CAPM for capital budgeting leads to valuation errors, utilizing
the data of private targets of merger and acquisition. Specifically, for low (high) beta
investments, the cost of capital implied by the CAPM is lower (higher) than the true one
in practice, which indicates that using the CAPM for capital budgeting leads to
overestimation (underestimation) of low (high) beta projects. They also contend that
betas do not predict cash flows. Graham and Harvey (2018) find that the actual hurdle
3

This also implies that, even if the beta of a firm has changed in the 35 years for the reasons
aforementioned, the firm has used almost the same level of hurdle rate in that long period.
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rates used by firms are 400 bp higher than their reported WACCs on average in their 18
year-long quarterly surveys from June 2000 to December 2017 of U.S. Chief Financial
Officers. Moreover, based on the survey of Chief Financial Officers of US companies listed
in the Compustat name file, Jagannathan et. al. (2016) report that firms use discount rates
almost twice as high as their costs of capital. Gompers, Kaplan, and Mukharlyamov, (2016)
survey 79 private equity (PE) investors with combined assets under management of more
than $750 billion on their practices in capital budgeting. The authors find that, among the
metrics of gross IRR, multiple of invested capital, adjusted present value (APV) discounted
cash flow (DCF), WACC DCF, comparable company EBITDA multiples and free cash flow
return to equity, 93% (95%) of PE investors use gross IRR (multiple of invested capital),
whereas only 10% of them use WACC-based DCF. Similarly, PE investors’ favorite methods
are IRR (9.2 out of 10 point), earnings multiple approach (6.1) and hurdle rate (3.6). When
asked how they calculate their WACC, only 27% of PE investors use a traditional CAPM
approach in one way or another. The authors also underscore that these PE investors have
performed well relative to reasonable benchmarks since the mid-1980s. Jacobs and
Shivdasani (2012) find that, in a survey conducted by the Association for Financial
Professionals (AFP), more than 300 respondents use a discount rate different from the
WACC, where the former can be either greater or smaller than the latter. Driver and
Temple (2010) analyze a sample of business units from the PIMS (Profit Impact of
Marketing Strategy) cross-sectional database of large firms, which consists of more than
3,000 business units of 450 North American companies, and provides data on hurdle rates.
They find that well over one-fifth of the total sample reports hurdle rates below discount
rates and that approximately one fifth of the sample reports hurdle rates above discount
rates. Poterba and Summers (1995) find the lack of correlation between betas and hurdle

9

rates in a survey of CEOs of all firms in the Fortune 1,000.4
Most of the papers mentioned above provide their own reality-based explanations
for the difference between firms’ cost of capital and hurdle rates. Here we take a closer
look at a few of them, using the notation to be used in this study. Jagannathan et. al. (2016)
find that firms’ hurdle rates are higher than their costs of capital both for financial reasons
such as idiosyncratic risk of projects and for non-financial reasons such as managerial or
organizational requirements. Amongst the reasons, “idiosyncratic risk” is in line with our
finding from the comparison of a firm’ hurdle rate for project IP, 𝑟
cost of equity capital from the CAPM, 𝑟

,

,

with the project’s

. They find that firms that add the biggest

risk premiums are exposed to high levels of idiosyncratic risk.5 This implies that, if the
idiosyncratic risk of project IP, 𝜎 , is higher for a firm, the firm adds a bigger risk
premium, 𝑘

∙ 𝜎 , to get a higher hurdle rate, 𝑟

with its beta, where 𝑘
trivial if 𝑘

,

, and that this rule has little to do

refers to the risk-averseness coefficient for the firm. The rule is

is positive (whether or not it is constant or variable). Since firms increase

their hurdle rates to account for idiosyncratic risks of their projects regardless of their
firm betas, the risk premium components in hurdle rates are determined independently
of firm betas, whereas those in the CAPM-based costs of capital are dependent on their
betas, which causes the two rates to differ. This conclusion is also strengthened by Poterba
and Summers (1995), who find the lack of correlation between firms’ betas and hurdle
rates. Kruger et al. (2015) document that, from 1987 to 2007, some 90% of the investment
activities of firms in North America were made by stand‐alone firms and that, even for
conglomerates, approximately 73% of total sales revenues were made in one division.6

Other papers such as Graham and Harvey (2001) only survey whether firms use a single firm-wide
discount rate or project-specific ones.
5 This is on page 460.
6 Kruger et al. (2015) use the two-digit Fama-French industry classification codes (Fama and French
(1997)). Stand-alone firms and conglomerates refer to firms operating in one industry and more than
one industry, respectively.
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This indicates that the idiosyncratic risk of project IP, 𝜎 , of an average firm cannot be
easily reduced by the firm’s diversification of its projects since it operates in one industry.
Panousi and Papanikolaou (2012) also empirically document that firm investment falls as
idiosyncratic risk rises, implying that not (only) firm beta but idiosyncratic risk matters
in firms’ investment decisions. Jacobs and Shivdasani (2012) find that the two rates differ
since managers do not undertake analyses necessary for adjusting project risks, but
instead just add one or more percentage points to costs of capital. Again, this implies that
managers just set their risk premium, 𝑘

∙ 𝜎 , independent of their firms’ betas.7 Driver

and Temple (2010) attribute the difference between the two rates to the existence of
principal-agent relationships and real options embedded in investment projects. We
contend that, in addition to these sample-based, case-specific, or reality-based reasons,
the two rates, 𝑟

,

and 𝑟

,

, are fundamentally differing concepts, which will be

proven in formulas 1 and 4 or three other rationales in Section II.
In Section II, we verify that the CAPM should not be used for capital budgeting,
employing four different rationales. In Section III, we propose three testable hypotheses
and four possible reasons for the long-term use of this educational convention. Section IV
concludes.

II.

The Mismatch of the CAPM and Capital Budgeting

We make three assumptions, but two assumptions are more like facts than like
assumptions and one is truly an assumption, which is not unrealistic.

1) Firms are risk averse.
It can be conjectured that the “one or more percentage points” may have been determined from the
size of their firms’ overall business risk, 𝜎 , or industry risk, 𝜎 in the current paper, in the first
place.
11
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2) Most firms operate in one industry.
3) The beta of an average (representative) firm, X, in industry I is the same as the beta
of industry I and the beta of X’s average (representative) project.

1) is trivial: if a firm makes a risky investment, it requires an expected return higher than
a risk free rate that can be easily achieved simply by buying a government bond or note.
2) is much closer to a fact than to a restrictive assumption. For instance, Kruger et al. (2015)
report that, from 1987 to 2007, about 90% of the investment activities of firms in North
America were made by stand‐alone firms and that, even for conglomerates, approximately
73% of total sales revenues were made in one division. In reality, even largest firms such
as Boeing, Exxon Mobile, Toyota, Intel, the Coca-Cola company, Pfizer and many others
mostly invest in projects that are typical of the industries they belong to. 3) is truly an
assumption of this study, which we need for convenience or efficient analysis. In actuality,
some or many firms’ betas are close to the betas of the industries they belong to. Further,
this can be true even for large firms. For example, Taiwan Semiconductor Manufacturing
Company (TSMC) is a very large player in world semiconductor industry and much more
so in the Taiwan semiconductor industry. Accordingly, its beta of TSMC (in the Taiwan
stock market) will be very close to the beta of the Taiwan semiconductor industry because,
in a sense, TSMC is almost Taiwan semiconductor industry itself.
Now, we state and prove PROPOSITION 1 in three different ways.

PROPOSITION 1:
CAPM‐based expected returns should not be used as the costs of equity in the WACC in capital
budgeting decisions of firms.

12

A. Beta vs. Idiosyncratic Risk

For convenience, we assume that firm X is 100% equity-financed. Note that this
assumption is not required for the proof of Proposition 1 since our issue is only cost of
equity (vs. hurdle rate) but makes our discussion clear and simple. Firm X is all-equity
financed and operates in industry I, the beta of which is 𝛽 . X has invested in projects that
are typical of industry I, and is currently considering investment project IP, which is also
typical of that industry, so the industry beta, the firm beta, and the project beta are the
same (or very similar); thus, 𝛽

𝛽

𝛽 . Let us denote the standard deviation of the

returns on IP by 𝜎 . Since X is not diversifying its businesses in various industries and is
considering project IP only, the appropriate risk measure of investing in IP for X is not 𝛽
but the total risk of IP, 𝜎 . Specifically, given that 𝜎
capital budgeting, X’s hurdle rate, 𝑟

,

is the right risk measure for X in

, is likely to be proportional to 𝜎 . Let us assume

that the hurdle rate of IP for X is
𝑟

𝑟

,

𝑘

∙𝜎 ,

1

subject to
𝑘

where 𝑟 and 𝑘

0,

2

refer to the risk-free rate and risk-averseness coefficient for the firm.

By contrast, the CAPM-based cost of capital for X, 𝑟

𝑟

where 𝑟

,

𝑟

𝑟

,

, is

𝑟 𝛽 ,

3

is the expected value of the return on the whole market
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𝑟

. If 3 is

used as the cost of capital for IP, its notation can be changed to 𝑟

𝑟

Since 𝛽

𝑟

,

𝛽

𝑟

𝛽 , 3

, where

𝑟 𝛽 .

3

1

1 can also be re-written as

𝑟

,

To compare formulas 𝑟
𝜎

𝑟

,

𝑟

,

𝑟 𝛽 .

and 𝑟

3

, 3

,

2

2 can be re-written such that both have

in common.

𝑟

𝑟

,

𝑟

𝑟

𝑟 𝜌
𝜎

𝑟

,

sides of

1

𝐾

,
∙

and

𝑟

𝑟

𝑟

𝑟 𝛽

𝐶𝑜𝑣 𝑟 , 𝑟
𝑉𝑎𝑟 𝑟
𝜎 ∙𝜎 ∙𝜌
𝑟
𝜎

𝑟

𝑟

where 𝜌

𝑟

𝐾

,

∙𝜎
∙𝜎 ,

,

and 𝐾

4

. Now we compare the right hand

4 , which are identical except for 𝑘

is not automatically guaranteed, 𝑟

based required returns such as 𝑟

,

,

𝑟

,

and 𝐾

. Since 𝑘

in general. That is, using CAPM-

as project hurdle rates such as 𝑟

,

justified (unless their values are always equal or close). That is, both 𝑟

,

and 𝑟

,

𝑟

,

,

cannot be
𝑟

,

are possible according to 1 and 4 . This sheds light on the

discrepancies between hurdle rates and costs of capital for most firms that have been
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reported by survey studies on using the CAPM in capital budgeting, which includes
Jagannathan et. al. (2016), who find that firms’ hurdle rates are higher than their weighted
average costs of capital computed using the CAPM. In other words, no particular
relationship between 𝑟

,

and 𝑟

in

,

1

and

4

provides the theoretical

background for the finding of previous survey papers that firms’ hurdle rates usually differ
significantly from their CAPM-derived costs of capital.

B. Zero‐beta Stocks

Here we prove PROPOSITION 1 by proving LEMMA 1.

LEMMA 1: A firm with a beta of (almost) 0 should not use its CAPM‐based expected
return to evaluate investment projects. If it does, the hurdle rates for its risky projects will be
the risk‐free rate.

Can the beta of a stock be 0 or close to 0? A crucial element of this question is that the
weighted average of the betas of all N firms in a stock market is 1 or

𝛽 ∙𝑤

1,

5

subject to
𝛽

𝐶𝑜𝑣 𝑟 , 𝑟
,
𝑉𝑎𝑟 𝑟

𝑤

6

1,

7
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𝑎𝑛𝑑 𝑤

0, ∀𝑖 ∈ 1, … , 𝑁 ,

8

where 𝑟 and 𝑤 are the return on stock 𝑖 and firm 𝑖 ’s capitalization weight as a
fraction of the whole market capitalization, respectively. Since the weighted average beta
of the market is 1, some firms have betas greater than 1 and others less than or close to 1.
Now, is it theoretically impossible that 𝛽

2 𝑜𝑟 𝛽

0 for some firm 𝑖? There are no

such restriction in the CAPM and both are theoretically possible.
Next, is it empirically impossible that 𝛽

0? No, it is not. Note that the beta of a

firm is not determined (a priori) theoretically but estimated from its price or return data
by 6 . If the value of 6 for a firm in a given sample period is 0, the beta of the firm is
(estimated to be) 0. For instance, Brealey, Myers and Allen (2017) show that the beta of
Newmont (Ticker NEM) is 0 based on its price data from November 2009 to October
2014.8 This is also intuitively appealing since the performance of this mining company is
not expected to be (significantly) correlated to that of the stock market or many other
firms.
Zero-beta stocks are those whose returns are not correlated to those of the whole
market or economy. For instance, firms producing daily necessities can have a beta close
to zero. Nevertheless, the stocks of these firms are not necessarily risk free.9 In general,
given that 𝑥 is a random variable, 𝐶𝑜𝑣 𝑥, 𝑦

0 does not mean that 𝑦 must be a

constant since the covariance of two random variables can be 0, too. That is, 𝐶𝑜𝑣 𝑟 , 𝑟
0 or 𝛽

0 does not necessarily mean that 𝑟 must be a constant or that stock 𝑖 must

be a risk-free asset.

Refer to pages 196 to 200. In addition, the beta of Newmont (Goldcorp Corporation) has been
reported to be very close to 0 or even negative by different sources including Infront Analytics
(https://talkmarkets.com/content/stocks--equities/newmont-goldcorp-why-this-negative-betastock-could-outperform-in-a-market-downturn?post=238940). Note that estimating beta is relatively
easy and can be done by not only finance professors but also practitioners.
9 On the contrary, the betas of risk-free assets such as US Treasury bills are (close to) zero.
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Suppose firm X is all-equity financed and has a beta equal or close to zero, its CAPMbased expected return is 𝑟 , or 𝑟

𝑟 , and it is contemplating an investment

,

project, IP, the cash flow of which is typical of a zero-beta business. In other words, the
correlation between the return on the market portfolio and the return on IP is (close to)
0.10 This, however, does not mean that IP must be a risk-free project as already explained
above. In actuality, a project of a firm is rarely risk free unless the firm invests all of its
money in one-year Treasury bill or something like that. Given that IP is not risk free, could
X use 𝑟

,

𝑟 as the hurdle rate for IP? The answer is no, and this is another proof

of why CAPM-based capital budgeting criteria should not be used.
Besides, as of year 2020, 𝑟 ′𝑠 of many developed economies are almost zero or even
negative.11 Consequently, if X were a firm in one of these countries and used 𝑟

,

𝑟 as the hurdle rate for IP, the discount rate would be 0 or lower than 0 even though IP
is not a risk-free project. Then, even if IP turned out to be a slightly positive NPV project,
using 𝑟

,

𝑟

0 or 𝑟

,

𝑟

0, X could earn an almost zero or negative

expected return. Then why would X invest in a risky project and end up with zero or
negative return or cash flow? X would be better off investing in Treasury bills or doing
nothing. This is an additional, more compelling reason why CAPM-based discount rate
should not be used when risk-free rates are very low as it was for years around 2020.

C. Negative‐Beta Stocks

The title, negative-beta stocks, may be surprising to those who believe that CAPM

10 Since project IP is not a traded asset, the return on IP will be in terms of cash flows, not in terms of
(stock) prices. For example, if IP is a one-year project, the return on IP in terms of cash flows would
be the cash inflow into the project at the end of the year divided by the initial outlay of IP minus 1.
11 This paragraph is just an additional one, rather than a must to read and can be left out. However, it
can be very relevant.
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betas can never be negative. This belief or conventional wisdom, however, can be easily
proven flawed. For instance, if a firm’s main business is to buy and hold index put options,
the firm’s beta can be negative since the correlation between the value (price) of the firm
and that of the whole market will be negative. As a matter of fact, there can be more cases
where a firm’s beta is negative. A “dedicated short bias” hedge fund can have a negative
beta: its return will be positive (negative) when that of the market is negative (positive).
In general, stocks with a negative beta are not limited to the ones whose returns are
likely to be negative when market returns are positive and vice versa. A negative beta can
occur even when both the market and the stock under consideration have positive returns.
For example, suppose that the stock price of firm X tends to rise (fall) when the whole
stock market rises (fall). Thus the return on stock X and that on the market are more likely
to move in the same directions. However, suppose further that the pattern of the two
returns are such that lower (higher) positive returns on the market coincide with higher
(lower) positive returns on X more likely than not. Then the beta of X can be negative. That
is, a negative beta can occur even when both the market and a stock under consideration
have positive (or negative) returns.

Here we prove PROPOSITION 1 by proving LEMMA 2.

LEMMA 2: A firm with a negative beta should not use its CAPM‐based return to evaluate
its investment project. If it does, the hurdle rates for the firm’s risky projects are even lower
than the risk‐free rate.

Let us examine this question more fundamentally. Can the beta of a stock be negative?
The CAPM does not rule out such a possibility. For instance, 𝛽
18

2 𝑜𝑟 𝛽

0 for some

firm 𝑖 is possible in the CAPM, thus both are theoretically possible. Next, is it empirically
impossible that 𝛽

0? No, it is not. Recall that the beta of a firm is estimated from its

price data by 2 . Consequently, if the value of 2 for a firm in a given time period is
negative, the beta of the firm is (estimated to be) negative. In fact, Aktas and McDaniel
(2009) find, using a positive risk-free rate and two positive market risk premiums, that,
for 6.7% (7.2%) of the sample of 1,229 US companies, the CAPM-generated costs of equity
of are less than the risk-free rate because of their negative betas.12
If the CAPM-based required return of a negative-beta firm is used for the firm’s
capital budgeting decisions, the discount rate will be less than the risk-free rate. However,
a negative-beta firm does not necessarily mean that its business or project is risk-free per
se, let alone risk freer. For instance, a gold investment firm or a hedge fund using the
dedicated short bias strategy is more likely to have a negative beta, but both are risky by
nature since gold investment or the short strategy does not guarantee a risk-free return.
Suppose firm X is all-equity financed and that it operates in industry I, whose beta is
negative. X has invested in projects that are typical of industry I, and is currently
considering investment project IP, the cash flow of which is typical for a negative-beta
business. Given that IP is a risky investment, could X use its CAPM-based discount rate,
which is lower than 𝑟 , for evaluating project IP? If the CAPM-based discount rate and 𝑟
were 0.011 and 0.016, respectively, would X accept IP whose IRR is 0.013? The answer is
no. Moreover, if a firm’s beta is negative and the market premium, 𝑟
high enough, its CAPM-based cost of equity can even be negative, i.e., 𝑟

𝑟 , is positive and
𝛽 𝑟

𝑟

0. If 𝑟 is close to 0 as in year 2019 or 2020, even a small negative value of the beta will
make the CAPM-based cost of equity negative.
Let us move on to another related question. How can we interpret a negative-beta
12 The fraction of companies with a cost of equity less than the risk-free rate, 6.7% or 7.2%,
depending on the two market risk premiums used.
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stock, say, NG? According to the CAPM, a rational investor, who already has PP, a welldiversified portfolio without NG, can invest in NG even if he or she gets an expected return
on NG less than 𝑟 . The reason is as follows. When NG is added as a new component stock
to his or her (expanded) portfolio, say PP+NG, the risk of the portfolio will be reduced
since NG’s beta is negative: PP and NG tend to move in the opposite directions so the
volatility of “PP+NG” will be less than that of PP. Therefore, as long as the reduced risk of
the new portfolio more than compensates for the loss in its mean return (in terms of his
or her utility), the investor can buy NG even though its mean return is lower than the riskfree rate.
Suppose 𝑟

0.016 and firm X is 100% equity financed and its number of shares

outstanding is 5,000. Currently, X has only $1,000,000 in cash, so its stock price is $200. X
is contemplating a one-year investment project, XP, whose initial outlay is $1,000,000. The
mean return and standard deviation of the returns on XP are 0.05 and 0.02, respectively.
Specifically, there are two equiprobable states in one year, G and B. The return on XP is
expected to be 0.07 in state B and 0.03 in state G, whereas the market return in state B is
expected to be lower than in G. Therefore, the beta of X is negative and let us say that its
CAPM-derived expected return, 𝑟

,

, is 0.010, smaller than 𝑟 . If X decides to invest in

XP and this information is known to market participants, most of whom have a welldiversified stock portfolio, the stock price of X will quickly change to

𝑃

,

where 𝑃

,

𝐸 𝑃 ,
1 𝑟,

,

and 𝑉

,

,

.
,

,

1

,

0.010

1.01

210
1.01

207.92

denote the stock price and the firm value of X at time t (years from

now), respectively, and 𝐸 ∙ is the expectation operator. After all, investors in stock X,
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who pay $207.92 per share today, are expected to achieve the average return of 1% in a
year, which is less than 𝑟 . However, this never means that firm X will earn the expected
return on XP less than 𝑟 : X will earn the expected return of 5% from project XP.

D. Better Models Than the CAPM

As presented in Section I, a major logic or justification for firms’ use of the CAPM in
capital budgeting is that the CAPM is, or can, be used to explain or predict the firms’ stock
returns. Then, following the very same logic, not the CAPM but any other model better at
explaining or predicting stock returns should be used in capital budgeting since the latter
has a comparative advantage in it over the CAPM. There seem to be at least a few such
models, including the Fama-French five factor model (2015). Therefore, the CAPM should
not be used in capital budgeting in terms of both absolute advantages (as explored in A, B,
and C) and comparative one.

III.

Discussion

Here we suggest possible reasons for the use of the CAPM for capital budgeting,
which is distinct from the other explanations that have been suggested by many
researchers so far, including Dessaint et al. (2021), and present a testable hypothesis.

A. Possible reasons for CAPM’s use as an educational or practical convention

Why have the most popular finance textbooks such as Brealey, Myers, and Allen
(2017) and Ross, Westerfield and Jordan (2017) stated that firms’ hurdle rates for capital
budgeting can be estimated using CAPM betas, as illustrated in Section I? Why have few
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researchers posed serious theoretical, not just practical, contradictions to this contention?
In addition, why have most corporate CFOs in the US, Canada, and western Europe been
using the CAPM to estimate their costs of equity as documented in Mukhlynina and
Nyborg (2016), Brounen, de Jong, and Koedijk (2004) or Graham and Harvey (2001)? A
possible reason is the “argument from authority,” or “appeal to authority.”

i)

For most readers, practitioners and researchers, the idea that prominent

authors in corporate finance may have made mistakes in their books is
inconceivable. Therefore, there have been few negative responses from readers
against using the CAPM in capital budgeting.
ii) For most authors, it is unfathomable that the decades-long notion and
educational convention of employing the CAPM in capital budgeting could be
seriously flawed and even contradictory.

An analogy may help to clarify this point. Shleifer (2000) points out that the
professional dominance of the efficient market hypothesis (EMH) in the 1960s and 1970s
delayed and hindered the emergence of behavioral finance. Similarly, the decades-long
dominance of “the CAPM for capital budgeting” in books and classrooms may have
prevented authors, readers, and practitioners from questioning the validity of the CAPM
as a tool to estimate firms’ cost of equity capital.
Next, the third and the fourth reasons below are independent of the two reasons
above and may be less rigorous. Nonetheless, among practitioners, they can be more
compelling reasons to opt for CAPM-based discount rates.

iii) The cost of finding theoretically or logically right discount rates for firms’
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projects may outweigh that of finding CAPM-derived ones.

Let us revisit subsection D in Section II, and compare the two discount rates, 𝑟
𝑟

𝑘

∙𝜎

with

𝑟

,

𝑟

𝑟

,

𝑟 𝛽 , or equations (5) and (7), where

firm X is currently considering investment project IP. It was already shown that using (7)
is wrong and that (5) is at least a better choice as the discount rate for all equity-financed
firm X operating in one industry or stand-alone firm as coined by Kruger et al. (2015). In
fact, even if X operates in other industries as well, say industries A, B, and C, (5) can be still
working as long as 𝜎

is replaced with 𝜎

,

that properly reflects not only the

standard deviation of returns on IP alone but also IP’s impact on the risk of the other
projects (in industries A, B, and C) X is undertaking. Consequently, we can say that (5) is
theoretically right or at least a better choice as the discount rate for X.
Despite the superiority of (5) over (7), which of the two expected returns is more
likely to be obtained or found easily, ignoring the common factor, 𝑟 ? For (7), the CAPMbased one, the two factors, 𝑟 , and 𝛽 , can be easily obtained from public price data. In
contrast to 𝑟 , and 𝛽 , the two factors in (5), 𝑘
and more difficult to estimate because 𝜎

and 𝜎 , are both subjective numbers

is the standard deviation of the uncertain

future return on the project (in terms of cash flow) and 𝑘

is the firm’s own risk-

averseness coefficient. For instance, how many of firms (or even individual investors)
would know exactly 𝑘

, the levels of their true risk averseness? Neither of the two

factors is readily available. Estimating or finding 𝜎

and 𝑘

takes the firm time, energy,

manpower, expertise, know-how, etc. By contrast, standard ways of finding (estimating)
𝑟 , and 𝛽 are much more easily available and more clearly understood in practice and
taught in schools. If the tangible and intangible (or opportunity) cost of finding
appropriate 𝜎

and 𝑘

is much higher than that of finding 𝑟 , and 𝛽 for firm X, X
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will be inclined to use the latter, the CAPM-based discount rate.
Technically, if the NPV of the task of estimating 𝜎

and 𝑘

is lower than that of

estimating 𝑟 , and 𝛽 for X, X is better off using the latter. Note that, in order to compute
the two NPVs, both cost and benefit of estimating each of (5) and (7) must be solved for,
and that invisible cost and benefit, or opportunity cost and benefit, should be calculated,
too. That is, comparing the two NPVs can be (very) complex and costly. Given all these
problems, average firms are much more likely to opt for the easier method, the CAPMbased discount rates.

iv) For some firms, the CAPM-derived discount rates may be acceptable even
though the rates may not be close to their true hurdle rates.

Suppose 𝑟

0.02 and 𝑟
𝑟

𝑟

,

𝑟

0.05. Then,

𝑟

𝑟 𝛽

0.02

0.05𝛽 .

(9)

If 𝛽 of firm X lies in the range of 0.7 to 1.3, which is not a very unrealistic assumption,
𝑟

,

is between 0.055 and 0.085. Suppose further that X is not very confident in the

true value of discount rate for its risky projects. Then it may not be a bad idea for X to use
𝑟

,

0.02

0.05𝛽

as its hurdle rate. This is because X is not sure of its true

discount rate and because a discount rate lying between 0.055 and 0.085 seems to be an
acceptable value unless its projects are extremely risky or super-safe. In other words,
under these conditions, which are not very unlikely, X may just accept 𝑟

,

0.02

0.05𝛽 as its hurdle rate. This can be thought of as a kind of heuristic approach, which
can be practical enough for some firms.
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B. Testable Hypotheses on Beta and the Discrepancy between the Two Rates

To survive, corporate firms should earn a return on their projects greater than a
certain value such as the risk-free rate plus a (idiosyncratic) risk premium whether their
CAPM betas are positive, zero or negative. Then, their target returns or hurdle rates may
not vary as much across firms as their betas or beta-based discount rates do. Equivalently,
firms’ CAPM-based discount rates are increasing in beta, whereas their hurdle rates are
not necessarily so, or less so. Then, “discount rate minus hurdle rate” of a firm is increasing
in firm beta.

Hypothesis 1:
The discrepancy between firm discount rate and hurdle rate, or firm discount rate
minus hurdle rate, is an increasing function of firm beta.

Second, we can compare investment performances of a given firm, X, if it satisfies two
conditions. 1) X did not use the CAPM in its capital budgeting in a past period. 2) X used,
in another past period, or has been using the CAPM in its capital budgeting. In other words,
if there exist two periods where X use and does not use the CAPM in capital budgeting, the
two periods can be compared with each other in terms of X’s net income, cash flow, overall
profitability, etc.

Hypothesis 2:
The overall profitability of investment projects of a firm is higher when the firm uses
the CAPM in capital budgeting than when it does not.
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Third, we think that the beta of a firm can change in the long term even though the
firm’s main business or the industry it operates in does not change. For instance, if many
other firms’ business or the industries they belong to change significantly, the relationship
between the firm’s stock returns and the overall market returns, or the beta of the firm,
can change. For example, Amazon was just an (small) internet bookstore in the U.S. in
1990s but is now an multinational technology company focusing on cloud computing,
digital streaming, artificial intelligence, e-commerce, etc. It can be easily empirically tested
whether Amazon’ beta has been changed in the last 30, 20 or even 10 years, in the first 10
or 20 years, or in two different decades.

As an analogy, this is similar to a change in the

overall academic performance of a student (X). Suppose X studies this year as hard as last
year but most other students work harder this year than last year. Then overall (relative)
academic performance of X will become lower this year than last year even though X
spends the same time and energy in his studies. In an absolute sense, X is not changed at
all. In a relative sense, however, X can be said to be changed since most others are changed.
The beta of a firm can only be approached in a relative sense, not in an absolute sense,
because the definition or nature of beta is truly something relative, the correlation
between the stock returns of the firm and market returns. Accordingly, even if the firm
itself is not changed in terms of its main business, etc., many other firms can be changed
in their businesses or industries, causing the beta of the firm to be changed.

Hypothesis 3:
The beta of a firm can be changed even if the firm has not changed its main business,
real investments, the industry it operates in, etc.

IV.

Concluding Remarks
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It is difficult to attempt a task that has rarely or never been attempted by others. It is
even harder if the task is to critique a longstanding, well-established convention in theory
or practice. However, just because others have not tried it does not mean that the task is
not worth attempting. This may have occurred to behavioral finance researchers in the
1970s when the EMH dominated the finance world in theory and practice. Similarly, the
convention of using the CAPM in capital budgeting has not or hardly been decisively
challenged up to now. In this study, we propose and prove theoretical problems and
contradictions in employing the CAPM in capital budgeting in four different ways. Using
the CAPM for capital budgeting is applying a price-based theory to a cash-flow-based
world and a perfect diversification model to undiversified firms, both of which are illogical
jumps and never automatically guaranteed. The CAPM must not be used in capital
budgeting because of the essential differences between betas and undiversifiable
idiosyncratic project risks and because of the existence of very low beta firms. Further,
even if a stock pricing model could be used in capital budgeting, then a model better at
explaining stock returns better than the CAPM should be used. After these discussions,
four possible reasons for the long-term inappropriate use of the CAPM, and three testable
hypotheses are provided. Further, this paper can shed light on the findings of previous
studies by providing theoretical rationales for and practical interpretation of them.
Stock pricing and project evaluation do not have as much in common as people think.
We hope that this study will help establish that the CAPM is not an appropriate tool for
capital budgeting at all, and that practitioners or researchers will search for more
scientific and practical cost of equity theories in capital budgeting in the future.
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