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The Price Is (Almost) Right

RANDOLPH B. COHEN, CHRISTOPHER POLK, and TUOMO VUOLTEENAHO∗

ABSTRACT

Most previous research tests market efficiency using average abnormal trading prof-
its on dynamic trading strategies, and typically rejects the joint hypothesis of mar-
ket efficiency and an asset pricing model. In contrast, we adopt the perspective of a
buy-and-hold investor and examine stock price levels. For such an investor, the price
level is more relevant than the short-horizon expected return, and betas of cash flow
fundamentals are more important than high-frequency stock return betas. Our cross-
sectional tests suggest that there exist specifications in which differences in relative
price levels of individual stocks can be largely explained by their fundamental betas.

THE VAST MAJORITY of prior research uses average abnormal trading profits on
dynamic trading strategies to test market efficiency and asset pricing models.
The joint hypothesis of the capital asset pricing model (CAPM, Sharpe (1964),
Lintner (1965)) and market efficiency is typically rejected by these tests. The
economic significance of these rejections is usually evaluated on the basis of
Sharpe ratios (average return over return standard deviation) of dynamic zero-
investment strategies that do not expose the investor to systematic risks. The
discovery of economically high Sharpe ratios has led many to reject the CAPM
and efficient market hypothesis (EMH) as a good approximate description of
the stock market.1
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Vuolteenaho is at Arrowstreet Capital, L.P. We would like to thank Ken French for providing
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Antti Petäjistö, Vesa Puttonen, William Schwert, Jay Shanken, Andrei Shleifer, Jeremy Stein, and
Sheridan Titman (discussant) for their comments and suggestions. We would also like to thank
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1 Fama (1970, 1991) surveys the empirical literature on testing market efficiency. Daniel, Hirsh-
leifer, and Subrahmanyam (1998) survey the recent evidence on trading strategies that would have
produced abnormal profits and high Sharpe ratios. Hansen and Jagannathan (1991) show that in
a frictionless rational expectations model, available Sharpe ratios are related to the variability
of marginal utility. MacKinlay (1995) argues that the Sharpe ratios of some trading strategies, if
taken at face value, are too large to be explained by a rational multifactor model. Shleifer (2000,
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In contrast to that literature, we adopt the perspective of a buy-and-hold
investor. This perspective leads us to deviate from the usual CAPM tests in two
ways. First, we explain price levels instead of short-horizon expected returns.
The price-level criterion is naturally motivated by the long-horizon buy-and-
hold perspective. As holding periods increase, price levels become the dominant
factor in determining holding-period expected returns. In the limit, the relevant
measure of market efficiency becomes how well risks explain price levels.

We argue that our price-level criterion is superior to the Sharpe ratio criterion
as a measure of the economic significance of market inefficiencies for many pur-
poses. Although available Sharpe ratios are clearly the main object of interest
to a professional money manager, price levels are more relevant to many other
economic decision makers that effectively face long holding periods. For exam-
ple, a corporate manager making a large long-term investment decision cannot
engage in a dynamic trading strategy of investing or divesting a small fraction
every month, depending on stock market conditions. Although short-run devi-
ations from EMH may result in significant wealth transfers between investors
who choose to trade frequently, they may not have any influence on decisions
concerning real business investment. Thus, if the price is approximately “right,”
the impact of the stock market on managerial investment decisions is also likely
to be consistent with market efficiency, and the high available Sharpe ratios
only an interesting sideshow.

A second implication of our buy-and-hold perspective relates to the impor-
tance of measuring betas from firms’ cash flow fundamentals. As the holding
period increases, news about cash flows begins to dominate the second mo-
ments (covariances and variances) of returns. As a consequence, the risk in a
company’s cash flows is what really matters to an investor with a buy-and-hold
perspective. Based on this insight, many of our price-level tests estimate CAPM
betas using accounting data.

In addition to the buy-and-hold perspective, there is also another reason to
prefer cash flow or long-horizon CAPM betas to those estimated from high-
frequency stock returns. If markets are even slightly inefficient, mispricing
may contaminate not only average returns but also measures of risk, as argued
by Brainard, Shapiro, and Shoven (1991). For example, if end-of-month trad-
ing by mutual funds adds or subtracts a few percentage points to each month’s
measured stock return, prices may never deviate much from fundamental val-
ues but measured covariances may be substantially affected. In other words,
the price level might be approximately “right,” where the benchmark of “right”
is a world with no mispricing, but tests that use high-frequency return betas
might reject the joint hypothesis of the CAPM and market efficiency because
the high-frequency betas are materially “wrong.”

Building on these ideas, we test empirically the ability of the CAPM and
EMH to explain the stock price levels of low price-to-book “value” stocks

p. 8) characterizes the impact of this evidence on the views of finance academicians: “We have
learned a lot, and what we think now is quite a bit different from what we thought we knew in
1978. Among the many changes of views, the increased skepticism about market efficiency stands
out.”
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and high price-to-book “growth” stocks. Our empirical tests concentrate on
price-to-book-sorted portfolios for the following reasons. First, the average
returns generated by value-minus-growth strategies (that buy value stocks
and short growth stocks) cannot be explained by CAPM betas measured from
high-frequency returns (Rosenberg, Reid, and Lanstein (1985), Fama and
French (1992), and others). Furthermore, the pricing errors are highly eco-
nomically significant when the Sharpe ratio criterion is used as the met-
ric of economic significance (MacKinlay (1995)). Second, Fama and French
(1995) and Cohen, Polk, and Vuolteenaho (2003) show that a firm’s price-to-
book ratio is a persistent variable that forecasts the returns on the firm’s
stock far in the future, and that the return predictability related to price-to-
book ratios has a large price-level effect. Thus, price-to-book-sorted portfolios
have the potential of being significantly mispriced by the price-level criterion
as well.

Our empirical results suggest that mispricing relative to the CAPM is not the
most important factor in determining the prices of value and growth stocks. In
some of our model specifications, cash flow betas (measured by regressing a
firm’s profitability on the market’s profitability) can explain much of the prices
of and long-horizon returns on price-to-book-sorted portfolios, with premiums
that are high but not implausible, ranging from 10.5% to 21.4% per annum.
Furthermore, in general the premium on cash flow beta remains high when
we include beta-sorted or size-sorted portfolios in the set of test assets, sug-
gesting that the cash flow beta is not merely proxying for the price-to-book
characteristic.

Previous results by Fama and French (1992, 1993, 1996), Lakonishok,
Shleifer, and Vishny (1994), and others suggest that value stocks have lower,
not higher, CAPM betas than growth stocks. We find the same for monthly
return betas of annually rebalanced portfolios (as long as the pre-1941 Great
Depression period is excluded) and thus expect the above seemingly contradic-
tory results obtained with our cash flow beta regressions to be treated with
healthy skepticism. To reconcile our results with those in the previous litera-
ture, we examine the long-run and short-run behavior of the average returns
on stock return betas of price-to-book-sorted portfolios.

We form 10 portfolios by combining the same-rank value-weight deciles from
N different sorts on t – 1 to t – N price-to-book ratios. Much as in event studies
that use the calendar-time methodology, these portfolios approximate the N-
year investor experience of investing in value and growth stocks in units that
approximate price levels, and can be used as test assets in standard Black,
Jensen, and Scholes (1972) or Gibbons, Ross, and Shanken (1989) time-series
asset pricing tests. Consistent with the results of Fama and French (1992, 1993,
1996) and Lakonishok et al. (1994), we find that growth stocks have higher
return betas than value stocks during the first year after portfolio formation
in our sample that spans the 1941 to 2000 period. Because the betas of these
portfolios are negatively related to their expected returns, the CAPM fails to
explain the returns of value and growth stocks during the first year subsequent
to portfolio formation.
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Our novel finding is that value stocks’ betas sharply increase and growth
stocks’ betas sharply decrease after portfolio formation. Within 5 years from
portfolio formation, value stocks’ (three lowest price-to-book deciles) betas have
increased to approximately 1.11 and growth stocks’ (three highest price-to-book
deciles) betas have declined to approximately 0.95. Our tests detect continua-
tion of this trend for 15 years after the sort. Thus, the lower long-run risk
of growth stocks that we detect from cash flows can also be detected in long-
horizon stock return betas.

Are these changes in betas sufficient to explain the substantial long-run re-
turn spread and the substantially different price levels of value and growth
stocks? We argue that the answer from a return-based asset pricing test is yes,
at least if we focus on the full 1941 to 2000 sample period. Consistent with our
cash flow beta results, in our most successful specifications the CAPM (with
betas measured from stock returns over a long horizon) explains between 56%
and 85% of the variation in average returns when betas are measured over a 5-
to 15-year horizon, with a risk premium estimate between 12% and 24%. With-
out the risk correction, the price levels of the three most-value deciles appear
underpriced by 29% relative to those of the three most-growth deciles. After the
risk correction, the three most-value deciles appear underpriced by only 13%
relative to the three most-growth deciles. Thus, risks explain a significant part
of the cross-sectional variation in the level of stock prices and the remaining
mispricing is less significant than might be expected. For the modern, post-1963
sample period, the results are somewhat less impressive. While cash flow betas
continue to explain the price levels of price-to-book-sorted deciles, our return-
based asset pricing tests fail to pick up much of these long-horizon risks.

Our finding that the CAPM in conjunction with market efficiency may pro-
vide a good approximate description of the level of stock prices has important
implications. For example, our results could justify corporations’ current use of
the CAPM in capital budgeting, documented by Graham and Harvey (2001), as
most long-term investment decisions depend upon the level of net present value
instead of near-term expected returns. Of course, this usage would only be truly
justified if corporations use beta estimates that incorporate such long-term
thinking, which may not often be the case. Similarly, the higher long-run risk
of value stocks also explains why low-priced value stocks are not immediately
acquired by healthier companies or bought out by a sophisticated buy-and-hold
investor, such as Berkshire Hathaway or an LBO fund.

These findings also help rationalize an apparent contradiction in MBA cur-
ricula: Investment courses teach that beta is dead, and then corporate finance
classes proceed to use the CAPM in firm or project valuation. Our price-level
results could be interpreted as justifying this distinction—the CAPM fails to
explain the one-period expected returns on some dynamic trading strategies
but, we argue, gets stock prices and expected long-term returns approximately
right. If our findings are correct, finance classes should teach CAPM imple-
mentations involving cash flow betas. With this modification, students would
learn capital budgeting techniques that are broadly consistent not only with
the empirical findings in capital markets research, but also with the estimates
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delivered by widely used multiples approaches. Researchers should likewise
re-sentence beta from death row to probation in those analyses where firms’
stock prices (rather than returns on dynamic trading strategies) are the objects
of interest.

The remainder of the paper is organized as follows. Section I describes the
data. Section II links cash flow betas to price-to-book ratios and then verifies
these differences in fundamental risks using portfolio return evidence. Section
III examines the robustness of our results. Section IV concludes.

I. Data

The basic U.S. data come from three databases. The first, the Center for Re-
search in Securities Prices (CRSP) monthly stock file, contains monthly prices,
shares outstanding, dividends, and returns for NYSE, Amex, and NASDAQ
stocks. The second database, the COMPUSTAT annual research file, contains
the relevant accounting information for most publicly traded U.S. stocks. The
COMPUSTAT accounting information is supplemented by the third database,
Moody’s book equity information collected by Davis, Fama, and French (2000).2

The basic merged data cover the period 1928 to 2000. In the merged data set, the
panel contains 208,804 firm-years. Table I Panel A shows descriptive statistics
of the data.

Detailed data definitions are as follows. Book equity (BE) is defined as stock-
holders’ equity, plus balance sheet deferred taxes (COMPUSTAT data item 74),
investment tax credits (data item 208) (if available), and post-retirement ben-
efit liabilities (data item 330) (if available), minus the book value of preferred
stock. Depending on availability, we use redemption (data item 56), liquidation
(data item 10), or par value (data item 130) (in that order) for the book value of
preferred stock. In calculating stockholders’ equity, we prefer the stockholders’
equity number reported by Moody’s or COMPUSTAT (data item 216). If neither
one is available, we measure stockholders’ equity as the book value of common
equity (data item 60) plus the par value of preferred stock. (Note that the pre-
ferred stock is added at this stage because it is later subtracted in the book
equity formula.) If common equity is not available, we compute stockholders’
equity as the book value of assets (data item 6) minus total liabilities (data item
181), all from COMPUSTAT.

The price-to-book ratio used to form portfolios in May of year t is book common
equity for the fiscal year ending in calendar year t – 1, divided by market equity
at the end of May of year t (MEt). We require the firm to have a valid past price-
to-book ratio. Moreover, in order to eliminate likely data errors, we discard
those firms with price-to-book ratios less than 0.01 and greater than 100. When
using COMPUSTAT as our source of accounting information, we require that
the firm be on COMPUSTAT for 2 years. This requirement alleviates most of the
potential survivor bias due to COMPUSTAT backfilling data. After imposing
these data requirements, the cumulative number of firms sorted into portfolios

2 We thank Kenneth French for providing us with the data.
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is 165,945. The annual panel spans the period 1928 to 1999; note that in our
timing convention, the 1928 data are computed by using book values from the
end of 1927 and returns through May 1929.

After portfolio formation, we follow the portfolios for 15 years while holding
the portfolio definitions constant. Because we perform a new sort every year,
our final annual data set is three dimensional: the number of portfolios formed
in each sort times the number of years we follow the portfolios times the time
dimension of our panel.

Missing data are treated as follows. If a stock was included in a portfolio but
its book equity is temporarily unavailable at the end of some future year t, we
assume that the firm’s book-to-market ratio has not changed from t – 1 and
compute the book equity proxy from the last period’s book-to-market and the
time t market equity. We treat negative or zero book equity values as missing.
We then use this book equity figure in computing clean surplus earnings. We
follow standard practice and substitute zeros for CRSP missing returns as long
as the firm is not delisted. For market equity, we use the latest available figure.

We deal with delisting firms as follows. First, we compute the stock return,
profitability, and exit price-to-book ratio for the firm at the end of its delisting
year. We use delisting data, when available on the CRSP tapes, in comput-
ing the stock returns and the exit market value. In some cases, CRSP records
delisting prices several months after the security ceases trading and thus after
a period of missing returns. In these cases, we calculate the total return from
the last available price to the delisting price and pro-rate this return over the
intervening months. If a firm is delisted but the delisting return is missing,
we investigate the reason for disappearance. If the delisting is performance-
related, we assume a −30% delisting return.3 Otherwise, we assume a zero
delisting return.

Second, we take the delisting market value of the firm and invest it in another
firm that was originally sorted into the same portfolio as the disappearing firm.
Among the firms in the same portfolio, we pick the one that has a current price-
to-book ratio closest to the exit price-to-book ratio of the disappearing firm.

Table I Panel B shows selected variables for the price-to-book-sorted decile
portfolios. Firms with low price-to-book ratios have on average higher sub-
sequent stock returns than firms with high price-to-book ratios (Rosenberg
et al. (1985), Fama and French (1992), and others). For a 5-year buy-and-hold
strategy, the 10–1 difference in average cumulative return is approximately
70%. Simultaneously, differences in firms’ price-to-book ratios are also related
to differences in future average growth. High price-to-book firms grow faster
and are persistently more profitable than low price-to-book firms. Value stocks
have higher betas than growth stocks over the 1928 to 2000 period and slightly
lower betas over the 1941 to 2000 period.

3 The delisting return assumptions follow Shumway’s (1997) results. Shumway tracks a sample of
firms whose delisting returns are missing from CRSP and finds that performance-related delistings
are associated with a significant negative return, on average approximately –30%. This assumption
is unimportant to our final results, however.
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Table I Panel B also presents interesting data about the evolution of firms’
price-to-book ratios. There is considerable persistence in the ratio. The top price-
to-book decile has a ratio over 6.0 (versus a median around 1.3). Five years
later the same group of firms has a price-to-book ratio over 4.0, and even after
15 years the ratio surpasses 3.0. Similar persistence occurs for extreme value
stocks, which start with price-to-book around 0.41, and whose ratio climbs only
to 0.65 in 5 years and to 0.91 in 15 years.

II. Relating Long-Run Risks to Prices

Previous research finds that CAPM betas have essentially no explanatory
power with respect to average returns generated by annually rebalanced value-
minus-growth strategies, if betas are measured from high-frequency stock re-
turns. In this section, we measure CAPM betas from proxies for firms’ cash
flows and find that these cash flow betas largely explain the prices of, and
long-run average returns on, value and growth stocks.

A. Cross-sectional Tests with Cash Flow Betas

A.1. Cash Flow Betas

Testing EMH at the level of prices instead of returns requires comparing long-
horizon average returns with long-horizon risks. One approach to measuring
long-horizon risk is to calculate CAPM betas using long-horizon compound firm
and market returns. However, this approach may be problematic because betas
estimated from long-horizon compound returns are hard-wired to be higher for
low-price and high-expected-return stocks. To see the mechanical link, suppose
a firm pays a single terminal dividend at time 1 and that the covariance of this
terminal dividend with the market’s return is a known constant. Consider two
time 0 hypothetical prices for the stock, $10 and $20. Holding the distribution
of the time 1 terminal dividend constant, a stock purchased at $10 will have a
return covariance and return beta that is twice as high as those measures for
the stock purchased at $20. Obviously, the stock purchased at $10 will also have
a higher expected return than the stock purchased at $20, and consequently the
CAPM will perform very well when tested in such a world, especially if the risk
premium parameter is not constrained by some prior beliefs. This effect could
artificially increase the slope and R2 in cross-sectional tests of the CAPM. Such
a bias could render our failure to reject the CAPM in such tests meaningless;
consequently, it might be inappropriate for us to rely on long-horizon return
regressions to estimate betas. See the Appendix for a formal argument.

As an alternative to betas estimated from long-horizon simple returns, one
can look directly at covariances of fundamentals using some measure of cash
flow. Though all individual-firm cash flow measures contain error over short
horizons, increasing the horizon and forming portfolios should eliminate much
of the error. Furthermore, one could reasonably hope that whatever error there
is in measured cash flow betas is not correlated with the mispricing-induced
fluctuation of the stock price.
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We choose return on equity (ROE) as the cash flow measure and define the
cash flow beta as the regression coefficient of a firm’s or a portfolio’s discounted
log ROE on the market portfolio’s discounted log ROE:

N−1∑
j=0

ρ j log(1 + ROEk,t+ j , j+1) = βCF
k,0 + βCF

k,1

N−1∑
j=0

ρ j log(1 + ROEM ,t+ j )

+ εk,t+N−1. (1)

Above, ROE denotes the ratio of clean surplus earnings (X t = BEt − BEt−1 +
Dgross

t ) to beginning-of-the-period book equity (BEt−1), with subscript k corre-
sponding to the firm or portfolio under scrutiny and subscript M to the market
portfolio. The second subscript refers to the year of observation and the third to
the number of years from the sort. The term Dgross

t is gross dividends computed
from the difference between CRSP returns and returns excluding dividends.
Finally, ρ is a constant equal to one minus the average dividend yield. We set
ρ to 0.975 in our regressions.

This measure of cash flow risk can be motivated with the price-to-book de-
composition used by Vuolteenaho (2001, 2002) and Cohen et al. (2003). This
decomposition shows that, to a very close approximation,

log
(

MEt−1

BEt−1

)
=

∞∑
j=0

ρ j log(1 + ROEt+ j ) −
∞∑

j=0

ρ j log(1 + Rt+ j ). (2)

Above, ME/BE denotes the price-to-book ratio and R the net return on a firm’s
stock.

Over an infinite horizon, the unexpected realizations of the first (ROE) term
are equal to the unexpected realizations of the second (stock return) term for
every sample path. Thus, measuring the risk from either infinite-horizon dis-
counted log returns or profitabilities will necessarily yield the same result.
However, if the sums in (2) are evaluated over a finite horizon, the covariances
of the first and second term with a risk factor may be different. Furthermore, if
the stock market is potentially inefficient, mispricing may contaminate not only
the average returns but also short-horizon return covariances. (Alternatively,
expected return variation due to omitted risk factors may have a large impact
on high-frequency return covariances and de-link the cash flow and stock re-
turn covariances.) Thus, measuring CAPM risks from the cash flow term of (2)
instead of the return term may result in a cleaner risk measure. At a minimum,
it will provide an interesting alternative perspective to that obtained from stock
return betas alone.

Table II Panel A measures the cash flow betas for 10 price-to-book-sorted
portfolios over different horizons. Columns (2) to (11) correspond to price-to-
book-sorted portfolios and rows to selected horizons N. The regressions are
estimated from overlapping observations using OLS. We use Newey and West
(1987) standard error formulas, which correct for the cross-sectional and time
dependence of the residuals, with N leads and lags.
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The first row of Table II Panel A shows the 1-year cash flow betas of value
and growth stocks immediately after the sort. Apart from the highest price-to-
book decile, the cash flow betas of the stocks in our sample line up roughly with
their price-to-book ratios: The second-highest price-to-book decile has a cash
flow beta of 0.85 and the lowest price-to-book decile a cash-flow beta of 1.35.
The highest price-to-book decile has a cash flow beta of 1.00, which is slightly
higher than expected.

Moving down the rows of Table II Panel A and increasing the horizon to
5 years further strengthens the results. The highest price-to-book portfolio now
has the lowest cash flow beta and the lowest price-to-book portfolio the highest
cash flow beta for all horizons from 2 to 15 years. The differences are econom-
ically significant: The 5-year cash flow beta of the extreme decile of growth
stocks is 0.67 and that of the extreme decile of value stocks is 1.68. The differ-
ence in betas at the 10- and 15-year horizons is slightly lower, but the spread
remains economically significant (0.90 vs. 1.47 and 0.95 vs. 1.17, respectively).

Columns (12) and (13) of Table II Panel A show the cash flow betas of “high-
minus-low” portfolios. Column (12) shows the difference in cash flow betas be-
tween the highest and lowest price-to-book deciles, and column (13) between the
top three and the bottom three. The difference in cash flow betas is statistically
significant for both differences at all horizons, except for the 1–10 difference
at the 1-year horizon. Thus, there is statistical evidence of value stocks’ cash
flow betas being higher than those of growth stocks. This finding alone should
be interesting to buy-and-hold investors that tilt their portfolios to value or
growth stocks.

We should point out that though we report results out to 15 years, the reader
should be careful in putting too much weight on the longest-horizon results.
This is because of the well-known statistical inference problems that occur in
long-horizon regression, and it is likely that the statistical uncertainty about
the point estimates as indicated by the standard errors is understated. While
we do need a horizon that is long enough so that any errors in the process
that generates accounting data can sufficiently wash out (so that ROE and
similar cash flow measures can closely approximate true cash flow news), we
hope that by the 5-year horizon this has happened.4 In Section II.B we em-
ploy an alternative calendar-time approach that uses returns instead of cash
flows. This approach allows us to have reliable inference at horizons as long as
15 years.

Note that when measuring the cash flow betas of price-to-book-sorted port-
folios with a finite number of periods in formula (1), our definition of cash flow
beta is likely to result in an upward bias for growth and a downward bias for

4 Of course, the ROE realizations may also be persistent. However, Table II on page 241 of
Vuolteenaho (2002) estimates a (partial) autocorrelation coefficient of about 0.5 for ROE in annual
firm-level data, which suggests (but does not guarantee) a fast decay. For some other measures of
cash flow fundamentals, such as dividend growth used in our Table II Panel B, shocks are even
more transitory. This problem is even less important for our various independent variables, as the
market’s dividend growth and other cash flow measures are essentially uncorrelated over time.
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value stocks. This is because the book equity data are contaminated with mea-
surement error that affects the ROE levels, and the sort disproportionately
selects negative-measurement-error firms to the high price-to-book portfolio
and positive-measurement-error firms to the low price-to-book portfolio. In the
ROE formula, value stocks’ earnings are divided by an artificially high num-
ber and growth stocks’ by an artificially low number, scaling the covariances
against our finding reported in Table II Panel A.

To show that the cash flows of value stocks are unarguably riskier than those
of growth stocks, Table II Panel B shows cash flow betas measured using cash
flow definitions proposed in previous research. (We only show the results for
the 5-year horizon, at which our preferred definition using ROE is most suc-
cessful, to save space.) Our general conclusion from the tests using alternative
definitions of cash flow beta is that our results are robust to variations in the
way this variable is defined.

Row (1) of Table II Panel B shows cash flow betas measured as in formula
(1), except using ROE (in levels) in place of log(1 + ROE). Not surprisingly, the
spread in cash flow betas remains strong and statistically significant.

Rows (2) to (4) use cash flow measures similar to those suggested by Ball
and Brown (1969) and Beaver, Kettler, and Scholes (1970). These measures
normalize earnings by lagged market value instead of book value:

(a)
N−1∑
j=0

ρ j X k,t+ j , j+1

MEk,t+ j−1, j
= βCF

k,0 + βCF
k,1

N−1∑
j=0

ρ j X M ,t+ j

MEM ,t+ j−1
+ εk,t+N−1

(b)

N−1∑
j=0

ρ j X k,t+ j , j+1

MEk,t−1,0
= βCF

k,0 + βCF
k,1

N−1∑
j=0

ρ j X M ,t+ j

MEM ,t−1
+ εk,t+N−1

(c)
X k,t+N−1, j+N − X k,t−1,0

MEk,t−1,0
= βCF

k,0 + βCF
k,1

X M ,t+N−1 − X M ,t−1

MEM ,t−1
+ εk,t+N−1.

(3)

Definition (a) in equation (3) is similar to our discounted ROE formula, except
that earnings are normalized by market value instead of book value. Definition
(b) normalizes the discounted N-year sum of earnings with the market value
at the time of portfolio formation. Definition (c) proxies for cash flows with
the N-year change in annual earnings and normalizes with the market value
at the time of portfolio formation. If the market is efficient, these measures
in equation (3) have the advantage of normalizing with a measurement error-
free value metric, market capitalization, thereby avoiding the bias resulting
from the use of error-ridden book values. However, using market values in the
definition of cash flow can also be a disadvantage as the resulting measure
may be influenced by mispricing. Empirically, rows (2) to (4) show that these
measures induce a large spread in value and growth stocks betas, and this
spread is consistent with value stocks’ cash flows being riskier than those of
growth stocks.
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Our final cash flow measure, similar to one used by Bansal, Dittmar, and
Lundblad (2005), is motivated by Campbell and Shiller’s (1988) dividend growth
model. This beta measure is generated by regressing the portfolio’s discounted
N-year sum of log dividend growth rates (�d ) on the market’s:

N−1∑
j=0

ρ j �dk,t+ j , j+1 = βCF
k,0 + βCF

k,1

N−1∑
j=0

ρ j �dM ,t+ j + εk,t+N−1. (4)

To mitigate potential outlier problems (some portfolios occasionally pay zero or
near-zero dividends), we censor the log dividend growth rates to the interval
[log(1/5), log(5)]. The beta measure in equation (4) has the advantage of being
directly related to the cash flows to investors, but the disadvantages of being
dependent on largely arbitrary dividend policies of firms. Furthermore, since
gross dividends are never negative, for low values of N this risk measure is
likely to be a poor one for both extreme growth stocks (high growth companies
that currently need external financing) and extreme value stocks (distress com-
panies that currently cannot afford to pay dividends). Empirically, row (5) of
Table II Panel B shows that this risk measure induces a slightly smaller but
still economically significant spread in cash flow betas.

A.2. Price-Level Alphas

Although it is interesting to see that value stocks have riskier cash flows
than growth stocks, one would like to ultimately measure the importance of
these cash flow risks to price levels and examine the magnitude of price-level
pricing errors. To do so, we need to construct a stationary price-level dependent
variable to regress on cash flow betas.

Reorganizing (2) and taking conditional expectation yields

log MEt−1 −
[

log BEt−1 +
∞∑

j=0

ρ j Et−1 log(1 + ROEt+ j )

]

= −
∞∑

j=0

ρ j Et−1 log(1 + Rt+ j ). (5)

In words, the difference between the market price and the cash flow fundamen-
tals equals the negative of the discounted long-horizon sum of expected future
returns. The expected discounted long-horizon return equals the negative of log
price (the first term) plus log book value adjusted for the expected cash flow
growth (second term). We call the right-hand side of equation (5) simply the
price level.

Suppose we can decompose expected returns into a constant zero-beta rate,
a constant risk premium due to known beta, and a pricing error, Et−1rt+ j =
λ0 + λ1βt+ j − Et−1αt+ j . The price level can then be decomposed into a
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component explained by risk and a pricing-error term that we call price-level
alpha:

−
∞∑

j=0

ρ j Et−1rt+ j = −
∞∑

j=0

ρ j (λ0 + λ1βt+ j ) −
∞∑

j=0

ρ j Et−1αt+ j . (6)

We use equations (5) and (6) to motivate the dependent variable in our cross-
sectional regressions. The dependent variable in the pricing regressions is the
cumulative N-period discounted stock return (sample price level) and the inde-
pendent variable is the estimated cash flow beta,

−Ê

[
N−1∑
j=0

ρ j Rk,t+ j , j+1

]
= λ′

0 + λ′
1β̂

CF
1,k + uk , (7)

where Ê denotes the sample mean and β̂CF
1,k the estimated cash flow beta. The

dependent variable of regression (7) differs from the price-level metric in equa-
tion (4) due to the finite horizon and choice between log and simple returns.
Primes on premia indicate price-level units. u is our empirical price-level mis-
pricing measure, which we name (sample) price-level alpha.

Columns (14)–(16) of Table III measure how well the cash flow betas defined
in equation (1) explain the sample price levels of value and growth stocks. The
cross-sectional regression R2s of average discounted long-horizon returns on
cash flow betas is over 60% for all horizons including 1 year. At the 5-year
horizon, which roughly corresponds to the frequency of the business cycle, the
regression R2 is over 87%.

Are these impressive R2s obtained with implausible premia? In Table III, the
estimated annualized intercepts of the regression range from −7.6% to 5.4%
and annualized slopes range from 10.5% to 21.4%, which are high but not obvi-
ously implausible in our opinion. (These premia are annualized by dividing the
regression coefficients by − ∑N−1

j=0 ρ j .) One way to judge whether the premium
on cash flow beta is reasonable is to recognize that λ0 should equal the (nominal)
risk-free rate and λ1 the average discounted net return on the market portfolio
less the risk-free rate. These predicted λ0 and λ1 are thus approximately 4%
and 10%, which are close to the low end of the unrestricted estimates of the
risk premium and to the high end of the unrestricted estimates of the zero-beta
premium.

If we restrict the premia to those in-sample values as predicted by the
Sharpe–Lintner CAPM, the R2s of the cross-sectional regressions we obtain
are, of course, lower than the unrestricted R2s. The restricted R2s (reported
in Table III) are 31%, 54%, 65%, 68%, 68%, and 36% at the 1-, 2-, 3-, 5-, 10-,
and 15-year horizons. Overall, we consider these R2s to be quite close to the
unrestricted R2s for most horizons and somewhat lower for the 1- and 15-year
horizons.

It should be noted that these restricted R2s are sensitive to the assumed
values for λ0 and λ1, especially at the 15-year horizon. This sensitivity arises
from the restriction being placed on both the intercept and the slope. Instead,
if one restricts only the risk premium but allows the intercept to be freely
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Ê

de
n

ot
es

th
e

sa
m

pl
e

m
ea

n
.

T
h

e
pr

em
ia

es
ti

m
at

es
ar

e
an

n
u

al
iz

ed
.

C
ol

u
m

n
s

2–
11

sh
ow

th
e

de
pe

n
de

n
t

va
ri

ab
le

,
sa

m
pl

e
pr

ic
in

g-
le

ve
l

al
ph

a
(u

),
pr

ic
e-

le
ve

l
al

ph
a

st
an

da
rd

er
ro

r
(i

n
pa

re
n

th
es

es
),

an
d

re
st

ri
ct

ed
pr

ic
in

g-
le

ve
l

al
ph

a
fo

r
ea

ch
de

ci
le

po
rt

fo
li

o.
T

h
e

re
st

ri
ct

ed
pr

ic
in

g-
le

ve
l

al
ph

a
is

th
e

re
su

lt
in

g
al

ph
a

w
h

en
w

e
re

st
ri

ct
th

e
pr

em
ia

to
th

e
va

lu
es

pr
ed

ic
te

d
by

th
e

S
h

ar
pe

-L
in

tn
er

C
A

P
M

.T
h

e
in

-s
am

pl
e

m
ea

n
s

of
th

e
ri

sk
-f

re
e

ra
te

,λ
0

=
0.

04
,a

n
d

th
e

N
-h

or
iz

on
an

n
u

al
iz

ed
m

ar
ke

t
pr

em
iu

m
u

se
d

in
th

e
re

st
ri

ct
io

n
,a

s
w

el
l

as
th

e
re

su
lt

in
g

R
2

fr
om

th
e

re
st

ri
ct

ed
pr

ic
in

g
eq

u
at

io
n

ar
e

re
po

rt
ed

in
th

e
co

rr
es

po
n

di
n

g
ro

w
in

co
lu

m
n

s
(1

4)
,(

15
),

an
d

(1
6)

,r
es

pe
ct

iv
el

y.
A

ll
re

gr
es

si
on

s
ar

e
es

ti
m

at
ed

w
it

h
O

L
S.

H
an

se
n

’s
(1

98
2)

G
M

M
st

an
da

rd
er

ro
rs

co
m

pu
te

d
u

si
n

g
th

e
N

ew
ey

–W
es

t
fo

rm
u

la
w

it
h

N
le

ad
s

an
d

la
gs

(w
h

ic
h

ac
co

u
n

t
fo

r
bo

th
th

e
es

ti
m

at
io

n
u

n
ce

rt
ai

n
ty

of
th

e
ca

sh
fl

ow
be

ta
s

an
d

fo
r

th
e

cr
os

s-
se

ct
io

n
al

an
d

ti
m

e-
se

ri
es

co
rr

el
at

io
n

of
th

e
er

ro
r

te
rm

s)
ar

e
re

po
rt

ed
in

pa
re

n
th

es
es

.T
h

e
sa

m
pl

e
pe

ri
od

is
19

28
to

19
99

.

H
ig

h
L

ow
(1

,2
,3

)–
N

M
E

/B
E

2
3

4
5

6
7

8
9

M
E

/B
E

1–
10

(8
,9

,1
0)

λ
0

λ
1

R
2

%

D
ep

en
de

n
t

va
ri

ab
le

1
0.

03
6

0.
01

3
0.

03
6

0.
02

5
0.

01
7

0.
01

4
−0

.0
17

−0
.0

14
−0

.0
55

−0
.0

57
0.

09
3

0.
07

0
0.

00
8

0.
14

5
60

.4
7

P
ri

ce
-l

ev
el

al
ph

a
0.

02
9

−0
.0

17
−0

.0
12

0.
03

6
0.

01
4

0.
01

7
−0

.0
13

−0
.0

19
−0

.0
22

−0
.0

13
0.

04
2

0.
01

8
(0

.2
27

)
(0

.2
55

)
A

lp
h

a
st

an
da

rd
er

ro
r

(0
.0

84
)

(0
.0

49
)

(0
.0

64
)

(0
.1

21
)

(0
.0

46
)

(0
.0

44
)

(0
.0

48
)

(0
.0

50
)

(0
.0

62
)

(0
.0

47
)

(0
.1

18
)

(0
.0

29
)

R
es

tr
ic

te
d

al
ph

a
0.

01
5

−0
.0

23
−0

.0
13

0.
01

7
−0

.0
01

0.
00

0
−0

.0
30

−0
.0

33
−0

.0
48

−0
.0

43
0.

05
8

0.
03

4
0.

04
0

0.
09

9
30

.8
6

D
ep

en
de

n
t

va
ri

ab
le

2
0.

08
2

0.
03

4
0.

06
6

0.
05

8
0.

02
3

0.
01

0
−0

.0
28

−0
.0

37
−0

.0
98

−0
.1

10
0.

19
2

0.
14

2
−0

.0
09

0.
15

8
88

.9
4

P
ri

ce
-l

ev
el

al
ph

a
−0

.0
05

−0
.0

09
−0

.0
19

0.
05

3
0.

00
0

0.
01

4
−0

.0
07

0.
00

5
−0

.0
30

−0
.0

02
−0

.0
03

−0
.0

02
(0

.2
00

)
(0

.1
92

)
A

lp
h

a
st

an
da

rd
er

ro
r

(0
.1

10
)

(0
.0

70
)

(0
.1

04
)

(0
.1

61
)

(0
.0

46
)

(0
.0

55
)

(0
.0

63
)

(0
.0

92
)

(0
.1

30
)

(0
.0

89
)

(0
.1

63
)

(0
.0

29
)

R
es

tr
ic

te
d

al
ph

a
−0

.0
03

−0
.0

23
−0

.0
17

0.
02

5
−0

.0
21

−0
.0

17
−0

.0
45

−0
.0

41
−0

.0
85

−0
.0

73
0.

07
0

0.
05

2
0.

04
0

0.
09

9
54

.0
1

D
ep

en
de

n
t

va
ri

ab
le

3
0.

11
8

0.
05

8
0.

09
2

0.
07

6
0.

04
0

0.
00

4
−0

.0
32

−0
.0

49
−0

.1
41

−0
.1

66
0.

28
5

0.
20

8
0.

02
4

0.
12

8
91

.6
8

P
ri

ce
-l

ev
el

al
ph

a
−0

.0
12

−0
.0

09
0.

02
7

0.
00

2
0.

05
2

−0
.0

09
−0

.0
49

0.
02

4
−0

.0
15

−0
.0

10
−0

.0
02

0.
00

3
(0

.1
37

)
(0

.1
30

)
A

lp
h

a
st

an
da

rd
er

ro
r

(0
.1

25
)

(0
.0

78
)

(0
.0

69
)

(0
.0

56
)

(0
.1

06
)

(0
.0

69
)

(0
.0

82
)

(0
.1

19
)

(0
.1

40
)

(0
.1

44
)

(0
.2

06
)

(0
.0

44
)

R
es

tr
ic

te
d

al
ph

a
−0

.0
26

−0
.0

37
−0

.0
02

−0
.0

25
0.

00
6

−0
.0

50
−0

.0
88

−0
.0

35
−0

.0
86

−0
.0

88
0.

06
2

0.
04

8
0.

04
0

0.
09

9
65

.1
6

(c
on

ti
n

u
ed

)



2756 The Journal of Finance R©

T
ab

le
II

I—
C

on
ti

n
u

ed

H
ig

h
L

ow
(1

,2
,3

)–
N

M
E

/B
E

2
3

4
5

6
7

8
9

M
E

/B
E

1–
10

(8
,9

,1
0)

λ
0

λ
1

R
2

%

D
ep

en
de

n
t

va
ri

ab
le

5
0.

17
2

0.
09

4
0.

13
9

0.
10

6
0.

06
7

0.
01

6
−0

.0
27

−0
.0

76
−0

.2
22

−0
.2

70
0.

44
2

0.
32

4
0.

05
4

0.
10

5
87

.6
2

P
ri

ce
-l

ev
el

al
ph

a
−0

.0
32

−0
.0

15
0.

07
7

0.
08

8
0.

02
4

−0
.0

30
−0

.0
52

−0
.0

17
−0

.0
70

0.
02

8
−0

.0
60

0.
03

0
(0

.0
87

)
(0

.0
82

)
A

lp
h

a
st

an
da

rd
er

ro
r

(0
.1

45
)

(0
.0

68
)

(0
.0

79
)

(0
.0

59
)

(0
.0

58
)

(0
.0

74
)

(0
.1

27
)

(0
.0

94
)

(0
.1

51
)

(0
.0

82
)

(0
.1

26
)

(0
.0

93
)

R
es

tr
ic

te
d

al
ph

a
−0

.0
96

−0
.0

78
0.

01
4

0.
02

5
−0

.0
38

−0
.0

93
−0

.1
15

−0
.0

80
−0

.1
32

−0
.0

33
−0

.0
62

0.
02

8
0.

04
0

0.
10

5
68

.2
1

D
ep

en
de

n
t

va
ri

ab
le

10
0.

24
3

0.
16

2
0.

21
0

0.
14

1
0.

10
3

0.
00

1
−0

.0
61

−0
.1

45
−0

.2
88

−0
.3

66
0.

60
9

0.
47

1
0.

01
8

0.
12

7
82

.7
8

P
ri

ce
-l

ev
el

al
ph

a
0.

03
4

−0
.0

55
0.

10
3

0.
09

7
0.

06
1

0.
00

4
−0

.1
30

−0
.0

50
−0

.1
31

0.
06

8
−0

.0
34

0.
06

5
(0

.0
98

)
(0

.0
98

)
A

lp
h

a
st

an
da

rd
er

ro
r

(0
.1

56
)

(0
.1

02
)

(0
.1

05
)

(0
.1

27
)

(0
.1

71
)

(0
.0

63
)

(0
.1

67
)

(0
.1

48
)

(0
.0

78
)

(0
.0

67
)

(0
.1

33
)

(0
.0

82
)

R
es

tr
ic

te
d

al
ph

a
0.

01
1

−0
.0

76
0.

05
8

0.
03

9
0.

00
2

−0
.0

64
−0

.1
83

−0
.1

37
−0

.2
32

−0
.0

92
0.

10
2

0.
15

1
0.

04
0

0.
10

0
67

.7
5

D
ep

en
de

n
t

va
ri

ab
le

15
0.

31
9

0.
19

7
0.

25
0

0.
15

0
0.

09
1

−0
.0

18
−0

.0
91

−0
.1

95
−0

.3
13

−0
.3

90
0.

70
8

0.
55

5
−0

.0
76

0.
21

4
68

.0
0

P
ri

ce
-l

ev
el

al
ph

a
−0

.0
05

−0
.0

80
0.

11
2

0.
12

5
0.

19
2

0.
17

2
−0

.1
12

−0
.1

69
−0

.1
08

−0
.1

26
0.

12
1

0.
14

3
(0

.1
81

)
(0

.1
69

)
A

lp
h

a
st

an
da

rd
er

ro
r

(0
.2

12
)

(0
.2

18
)

(0
.1

97
)

(0
.1

91
)

(0
.3

74
)

(0
.1

35
)

(0
.2

93
)

(0
.3

11
)

(0
.1

78
)

(0
.2

33
)

(0
.3

81
)

(0
.1

40
)

R
es

tr
ic

te
d

al
ph

a
0.

08
5

−0
.0

15
0.

10
3

0.
05

6
0.

05
6

−0
.0

12
−0

.1
83

−0
.2

65
−0

.3
00

−0
.3

49
0.

43
4

0.
36

2
0.

04
0

0.
10

0
35

.8
8



The Price Is (Almost) Right 2757

estimated, one finds that, first, the resulting intercept estimate is plausible
and, second, the resulting restricted R2s are not only high but also no longer
sensitive to the value of the risk premium restriction. For example, at the 15-
year horizon the unrestricted intercept is 5.17%, the resulting restricted R2 is
49%, and this restricted R2 remains above 30% for risk premia restrictions as
low as 5.5%.

The cash flow beta premium is statistically insignificant in regressions that
use decile portfolios. Finer sorts into 20 or 30 portfolios increase the statistical
precision and lower the premium standard errors that account for the estima-
tion uncertainty due to the first-stage regressions. Of course, some slight decline
in the cross-sectional R2s is to be expected because the test assets are slightly
less diversified. We find that the premia and R2 point estimates obtained from
20 or 30 portfolios are lower but not very different from those we report in
Table III, at least at the 5- and 10-year horizon, but have much smaller stan-
dard errors and cash flow beta premia that are consistently statistically sig-
nificantly different from zero. Specifically, at the 5- and 10-year horizons the
R2s drop by less than 12% on average. At the other horizons, the drop in R2

averages a larger 33.37%. Nevertheless, for all horizons greater than 1 year, the
intercepts and slopes estimated from 30 portfolios are reasonably close to those
predicted by the Sharpe-Lintner CAPM. Specifically, the zero-beta rate ranges
from 3.7% to 6.9% while the risk premium ranges from 8.5% to 11.2%. Thus,
the difference in terms of intercept and slope estimates when moving from the
decile tests to those involving 30 portfolios represents an improvement. De-
spite the lower statistical power, we use 10 price-to-book-sorted portfolios as
test assets in this section of the paper to keep the presentation of our results
consistent. We discuss results (found in Table V below) from cross-sectional
regressions using alternative test asset sets, including 30 price-to-book-sorted
portfolios in Section III.A.

Table III also reports the sample price level, price-level alpha, price-level al-
pha standard error, and restricted price-level alpha for the price-to-book deciles
on each of the three rows per horizon. The price-level alphas u are simply the
residuals of equation (7). At the 15-year horizon, the difference in sample price
levels between the top three value deciles and the top three growth deciles is
55.5%. However, the difference in price-level alphas is only 14.3% with an as-
sociated standard error of 14.0%. Even more impressive, while the difference
between the sample price levels of the highest and lowest price-to-book decile is
a gargantuan 70.8%, the difference in price-level alphas is a reasonably small
12.1%. A statistical test of the null hypothesis that the difference in price-level
alphas is zero produces a t-statistic of 0.32.

The restricted price-level alphas are reasonably close to the unrestricted es-
timates for many horizons. For example, at the 5-year horizon, the difference
in unrestricted price-level alphas between the highest and the lowest price-to-
book deciles is −6.0% while the restricted estimated is −6.2%. In fact, at this
horizon the difference between the restricted price-level alphas of the top three
growth deciles and the top three value deciles (2.8%) is actually lower than its
unrestricted counterpart (3.0%).
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However, a fly remains in the ointment. If one would like to make the case
against cash flow betas explaining stock price levels, one could focus on the
price-level alphas of a 15-year regression with the slope and intercept con-
strained to the in-sample market premium and T-bill rate. Although most of
the decile portfolios have small price-level alphas in that regression, the three
extreme value portfolios have price-level alphas over 25%. For our cash flow be-
tas to explain away these alphas at the 15-year horizons, we would need a cash
flow beta premium that is approximately twice the in-sample average market
premium. As for the aforementioned tests pricing 30 portfolios for which the un-
restricted premia estimates are close to the Sharpe–Linter CAPM’s predictions,
the 5-year and 10-year horizon alphas are very close to zero, but the 15-year
alphas are still about half the expected return spread.

B. Calendar-Time Tests with Total Betas

We also present more traditional evidence from portfolio returns and con-
firm our results using simple portfolio trading rules, monthly returns, and
bootstrapped confidence levels. The portfolio return evidence complements the
above cash flow–based results for the following reasons. First, the cash flows
are measured annually, while our portfolio return tests use monthly stock re-
turns. Second, statistical inference in the previous tests relies on asymptotic
Newey and West (1987) standard errors, while our return tests use more reli-
able bootstrap methods. Third, the portfolio return tests allow us to establish a
direct link to the previous literature on the performance of value-minus-growth
strategies.

We first sort stocks into price-to-book deciles. Every year, we run 15 different
sorts: deciles sorted on year t – 1 price-to-book ratios, deciles sorted on year t –
2 price-to-book ratios, . . . , and deciles sorted on year t – 15 price-to-book ratios.
As a result, we have 715 months of returns on 150 portfolios for the period
June 1941 to December 2000 (the maximum period for which our data make it
possible to compute returns for the portfolios formed by sorting on the year t –
15 price-to-book ratios).

We compute our measure of risk by regressing the monthly returns on the
resulting 150 portfolios (15 different horizons by 10 price-to-book categories) on
the contemporaneous and lagged market returns. Note that for each regression
we then sum up the regression coefficients on the market return into what we
call “total beta,” in contrast to “contemporaneous beta,” that is, beta estimated
without the lagged market returns in the regression. The logic behind our use
of total beta returns is the following. We argue that the betas measured on
the basis of only contemporaneous monthly returns may be misleading for a
number of reasons. If some price-to-book deciles systematically contain illiq-
uid securities, the measured monthly returns may be asynchronous, and some
portfolios’ returns disproportionately so. In addition, relatively short-horizon
effects such as tax-loss harvesting by individual investors, window dressing
by institutional investors, and/or delayed reaction to information for stocks
that are not extensively covered by analysts may garble the relevant long-run
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relations in contemporaneous monthly returns. The impact of asynchronous
price reaction on beta estimates has been studied by Scholes and Williams
(1977) and Dimson (1979), who propose simple techniques to measure market
betas by utilizing summed betas from regressions of returns on both contem-
poraneous and lagged market returns. We follow the spirit of their suggestion
when measuring betas, and include up to five lags in our regressions.5

B.1. Post-sort Evolution of Beta

Figure 1 shows the evolution of the CAPM beta of value and growth portfolios
as a function of years from the sort. The dependent variables in the regressions
are an equal-weight portfolio of the three value-weight lowest price-to-book
deciles (marked with a solid line and triangles) and an equal-weight portfolio
of the three value-weight highest price-to-book deciles (marked with just a
solid line). The upper-left plot is produced with no lagged market returns in the
regressions, the upper-right with one lag, the lower-left with two lags, and the
lower-right with five lags.

Figure 1 clearly illustrates how the long-run risks of value and growth stocks
are very different from the risks in the short run. Focusing on the contem-
poraneous betas in the upper-left plot, growth stocks have much higher con-
temporaneous betas than value stocks immediately after the sort. However,
as time passes from the sort, the risk of value stocks increases while the risk
of growth stocks decreases. Between years 5 and 10, contemporaneous betas
cross, with value stocks reaching their permanently high and growth stocks
their permanently low contemporaneous betas. The time pattern in total betas
is very similar, but the total betas of growth stocks are much lower than their
contemporaneous betas at all horizons, and the crossing takes place much ear-
lier. Across specifications, value stocks have statistically significantly higher
betas than growth stocks 15 years after the sort: t-statistics of the difference
in total betas are 4.9, 5.0, 5.0, and 4.6 for regressions with zero, one, two, and
five lags, respectively. Thus, we conclude that the long-run permanent level of
CAPM beta is significantly higher for value stocks than for growth stocks, a
difference as large as 0.2 for these portfolios (and larger for extreme deciles 1
and 10). As seen in the figures the basic effect that drives these results exists
when using only one or two lags to measure “total beta.” However, in the pric-
ing tests below we compute total beta using five lags to ensure we have fully
captured the non-contemporaneous dynamics discussed above.

B.2. Calendar Time Price-Level Tests

We examine N-year holding-period strategies based on return series com-
puted from the 150 portfolios used in the beta tests. The returns are measured

5 Kothari, Shanken, and Sloan (1995), as well as Handa, Kothari, and Wasley (1993), show that
the CAPM performs better when betas are measured using annual instead of monthly returns.
Their focus is in explaining short-horizon expected returns, differentiating our tests from theirs.
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Figure 1. Evolution of CAPM beta after portfolio formation. This figure shows the evolution
of total CAPM beta for value and growth stocks after portfolio formation. We first sort stocks into
price-to-book deciles. Every year, we run 15 different sorts: deciles sorted on year t – 1 price-to-
book ratios, deciles sorted on year t – 2 price-to-book ratios, . . . , and deciles sorted on year t – 15
price-to-book ratios. As a result, we have 715 months of returns on 150 portfolios for the period
June 1941 to December 2000 (the maximum period for which our data make it possible to compute
the 15-years-from-the-sort portfolio). We compute our measure of risk by regressing the monthly
returns on the portfolios on the contemporaneous and lagged market returns. We then sum the
regression coefficients for each dependent variable to obtain what we call “total beta.” The upper-
left plot is produced with no lagged market returns in the regressions, the upper-right with one
lag, the lower-left with two lags, and the lower-right with five lags. The dependent variables in the
regressions are an equal-weight portfolio of the three value-weight lowest-price-to-book deciles and
an equal-weight portfolio of the three value-weight highest-price-to-book deciles. The total beta of
value stocks is plotted with a solid line and triangles and the total beta of growth stocks with just
a solid line. The dashed lines show one-standard-error bounds.

in excess of the Treasury bill return. We define the N-year decile M as a port-
folio strategy that invests in N portfolios: decile M sorted on year t – 1 price-
to-book ratios, decile M sorted on year t – 2 price-to-book ratios, . . . , and decile
M sorted on year t – N price-to-book ratios. Furthermore, the weight on each
of these different portfolios is negative and declines exponentially, the weight
being ρ to the power of years from the sort minus one. For example, a 2-year
holding-period strategy for the highest price-to-book portfolio (2-year decile 10)
shorts $1 of stocks that are the highest price-to-book stocks in the beginning of
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the return period and shorts ρ times $1 of stocks that were the highest price-
to-book stocks a year before that. We extend these “holding periods” out to
15 years. After multiplying these monthly returns by 12, we have series with
means that approximate the right-hand side of equation (4), that is, the price
level. Consequently, the 15-year decile portfolios approximate a buy-and-hold
investor’s experience in price-level units and allow us to examine long-horizon
effects at a higher frequency and with more reliable statistical tools than in the
cross-sectional tests.

Recall that our analysis of Section II.A may be somewhat unreliable at long
horizons due to well-known statistical problems. That problem does not ap-
ply to the return-based analysis of this section; in fact, we actually require a
very long horizon in these return-based tests as we require the discount-rate
news of returns to be dominated by the cash flow news component to such
an extent that returns and cash flow news are approximately equal. Though
we weight more heavily the 15-year horizon in our return-based tests and the
5-year horizon in the cash flow–based tests, we report results out to 15 years
for both methodologies, ultimately letting the reader decide.6

For all of the statistics we report in Table IV, we also report asymptotic
standard errors (reported inside parentheses) as well as bootstrapped p-values
(reported inside braces). The bootstrap procedure proceeds as follows. First,
we repeat the regression of the 150 portfolios on the market return and five
lags setting the coefficient on the constant to zero. We preserve the 6 × 1 beta
vector and the 715 × 150 error matrix. We demean the error matrix using the
time-series mean of each column of errors, since under the null the mean error
from the regression is zero. We then begin 30,000 bootstrap iterations. At each
iteration we produce a random design matrix by sampling 715 rows from the
original 715 × 6 design matrix of market returns. We separately randomly
sample 715 rows from the demeaned error matrix. All sampling is done with
replacement. We produce a new dependent variable matrix using the newly
selected design and error matrices in conjunction with the beta estimate (Y =
X × beta + errors). Finally, we regress the new dependent variable matrix on
the new design matrix to get a draw of the intercept vector and corresponding
GRS statistic (Gibbons et al. (1989)), as well as other statistics under the null.
Then, we compute the percentiles of our point estimates in our sample of 30,000
bootstrap iterations.

6 The use of a longer preferred time horizon for our return-based tests in comparison to those
based on cash flows is consistent with the empirical estimates of Vuolteenaho (2002). As mentioned
above, in order for our long-horizon return-based tests to deliver a reasonable approximation of a
true cash flow beta, it is sufficient that returns approximately equal cash flow news. This condition
is guaranteed to be approximately the case if the time horizon is sufficiently long, since the variance
of discount-rate news grows more slowly than the total amount of the news. Figure 4 on page 258
of Vuolteenaho (2002) shows the coefficient of returns on cash flow news (of individual firms)
at different horizons. One way to interpret this figure is that it takes approximately 8 years for
returns to closely approximate cash flow news. Of course, we also need market returns to be close to
market cash flow news; this is likely to take even longer as discount-rate news is a greater fraction
of returns for the market than for firms, as shown by the empirical results of Campbell (1991) and
others.
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The second column of Table IV reports the GRS statistic of CAPM tests of the
10 portfolios at different horizons, along with the asymptotic and bootstrapped
probability values. For the sake of brevity, we only report results for 1-, 2-, 3-,
5-, 10-, and 15-year deciles. The first row reports the well-known result that the
CAPM cannot price returns over the next year on portfolios formed by sorting
on the most recent price-to-book ratio. The GRS statistic is 1.94, which rejects
the null hypothesis that the 1-year deciles’ intercepts are jointly zero at the
5% level of significance. This pattern holds true and strengthens over holding
periods up to 5 years. However, for 10-year and 15-year holding period returns
(10-year and 15-year deciles), we are unable to reject the hypothesis that the
CAPM can price the returns on the price-to-book deciles.

The significance of the horizon for price-level alphas is further illustrated in
Figure 2. The top panel of Figure 2 shows the evolution of sample price levels
as a function of the horizon. The price-to-book pattern in sample price levels is
strong even at the 15-year holding period. In the price-level alphas displayed
in the bottom panel, however, the pattern has disappeared almost completely
at the 15-year horizon. A simple calculation demonstrates the economic im-
portance of CAPM risk adjustment. Concentrating on deciles 10 and 1 at the
15-year horizon (not reported in tables), the difference in price levels returns
is approximately 40%. However, adjusting price levels by the portfolios’ total
CAPM betas leads to a very different conclusion: The difference in price-level
alphas is a statistically insignificant 13%. The economic significance of the
difference between 13% and 40% mispricing is large.

The next two columns of Table IV analyze similar value-minus-growth long-
short portfolios in more detail. We report the sample price levels and price-
level alphas of a strategy that goes long the top three value-weight portfolios
(low price-to-book) and shorts the bottom three value-weight portfolios (high
price-to-book) with equal weights. Thus, at the 1-year horizon, the strategy
is quite similar to Fama and French’s (1993) HML, except that there is no
size stratification. As Fama and French show, in the year following portfolio
formation, all of the average return can be attributed to mispricing vis-à-vis
the CAPM. This fact is true even for the strategy that buys value and sells
growth and holds the positions for 3 years. For the 3-year holding portfolio, the
sample price level and price-level alpha are −13.1% and −12.1%, respectively.
In a statistical test not reported in the table, we cannot reject the null that
the ratio of price-level alpha to price level is equal to one at the 5% level of
significance.

However, as the horizon grows beyond 3 years, the CAPM explains more
and more of the price-level differential. At the 10-year horizon, the long-short
portfolio generates a price-level difference of 27.7%. Approximately one-third
of this is justified by the CAPM, as the price-level alpha is only −18.3%. For the
15-year holding period strategy, the price-level alpha has dropped to −12.6%,
though the difference in price levels has continued to grow some to −29.0%. In
a statistical test not reported, we are unable to reject the hypothesis that the
ratio of price-level alpha to price level is zero at the 5% level of significance.
This result confirms the findings of the previous section.
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Figure 2. Price levels and price level alphas. This figure shows sample price levels (top graph)
and price level alphas (bottom graph) for book-to-price–sorted portfolios. The sample price levels
and price level alphas are cross-sectionally demeaned within each horizon N for the purpose of
presentation. The sample period (June 1941 to December 2000) and estimation methods are the
same as in Table IV.

The remaining columns in Table IV report results from a cross-sectional re-
gression of the sample price levels of the 10 portfolios on the total betas of these
portfolios. Column (5) reports the annualized intercept (λ0) from this regression;
column (6) reports the annualized coefficient on total beta (λ1), and column (7)
gives the (unadjusted) R2. As in Fama and MacBeth (1973), under the null that
the CAPM is true, the intercept from a regression of mean excess returns on be-
tas is an estimate of the excess return on the riskless (zero-beta) portfolio. The
annualized regression slope is an estimate of the market premium (premium
for an additional unit of beta).

For intermediate holding periods (3 to 10 years) the annualized estimated λ1
is far higher than the historical market premium, often over 20% per annum.
The hypothesis that the estimate equals the market premium is strongly re-
jected for horizons from 3 to 5 years (p-value in column (6)). This is because
the value portfolios substantially outperform the growth portfolios, but there is
only a small difference in the portfolio betas, so a large beta premium is neces-
sary to explain differences in average returns. The 15-year horizon portfolios,
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on the other hand, imply a market premium estimate of 12.0% per year, quite
similar to the historical market premium, because the spread in betas is large.
We are unable to reject the null that the price-level alphas are zero and the hy-
pothesis that the beta premium is equal to the historical average excess return
on the market at the 15-year horizon.

Column (7) of Table IV shows the R2 from the regression of means on betas.
For short holding periods, betas explain virtually none of the difference in mean
excess returns. For the longest-horizon portfolio, however, the R2 is 85.0%; we
manifestly fail to reject the null that the cross-sectional R2 is equal to 100%,
with a bootstrapped p-value of 0.68.

III. Additional Robustness Checks

A. Alternative Test Assets

We also sort firms into portfolios on firm size and stock return beta. The firm
size sort is analogous to the market-to-book sort, except the sort variable is
the market value of equity. When we sort on the estimated stock return beta,
we first construct the sort variable by running firm-by-firm OLS regressions of
firms’ monthly stock return on the CRSP value-weight index return. We use up
to 5 years of data and require at least 36 valid monthly observations for each
firm.

The logic behind including beta-sorted and size-sorted portfolios as test as-
sets is the following. The evidence presented in the main body of the paper
shows that there is a monotonically decreasing relationship between price-to-
book ratios and both cash flow betas and long-run stock return betas. Previous
research shows that the relationship between price-to-book ratios and average
returns is also monotonically decreasing. Thus, given this evidence, it is not
surprising that the cash flow betas explain average returns well.

To subject the model to a tougher test, we adapt the idea of Daniel and Titman
(1997) and include beta-sorted and size-sorted portfolios in the test asset sets.
Portfolios sorted on stock return beta and firm size show variation in cash flow
betas that is independent from their price-to-book ratios. If the risk loading
(instead of the book-to-market characteristic) determines the average return,
the inclusion of these risk-sorted portfolios should not significantly decrease
the premium on cash flow beta.

While there exists an extensive literature on estimating and forecasting
firms’ stock return betas, the prediction of cash flow betas is mostly an un-
charted territory. Sorts on firms’ or industries’ past 5-year cash flow betas do
not induce any pattern in post-formation cash flow betas. When we sort stocks
on size, the difference between the top three and bottom three deciles’ cash
flow betas is statistically significant at the 5% level for horizons from 2 to
15 years. When we sort stocks on estimated stock return betas, the difference
between the top three and bottom three deciles’ cash flow betas is marginally
statistically significant for the 1-year horizon (t-statistic 1.85) but insignificant
for horizons from 2 to 15 years. In other words, characteristics such as the
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price-to-book ratio and firm size forecast long-horizon cash flow betas, whereas
past stock return betas do not.

Of course, because the second-stage regression uses estimated betas, it is
subject to the errors-in-variables bias. The magnitude of this bias depends on
both the variance of the beta estimation error and the cross-sectional variance
of true betas across portfolios. The lower the estimation error variance and the
higher the cross-sectional variance of true betas (i.e., the higher the signal-to-
noise ratio), the less significant the downward bias in the slope coefficient and
R2 of the second-stage regression. Because the price-to-book-sorted portfolios
exhibit more spread in estimated cash flow betas than the risk-sorted portfolios,
it is reasonable to conjecture that including the risk-sorted portfolios as test
assets will lower the cross-sectional variance of the true betas and thus lower
the signal-to-noise ratio. Therefore, even if the pricing model has a true R2

of 100% when explaining population means, we would expect the estimated
second-stage slope and R2 to decline slightly as we add the portfolios sorted on
stock return betas to the set of test assets.

Table V measures whether the cash flow betas can simultaneously explain
the price levels of value and growth stocks and portfolios sorted on risk prox-
ies. The dependent variable in the pricing regressions is the N-period sample
price level and the independent variable the estimated cash flow beta, as in
Table III. We use three sets of test assets. First, we examine 30 price-to-book-
sorted portfolios. We then turn to 30 price-to-book-sorted portfolios and 30 port-
folios sorted on past OLS stock return betas. Finally, we consider 30 price-to-
book-sorted and 30 size-sorted portfolios. We sort stocks into 30 portfolios to
improve the statistical power of our tests.

Columns (2) to (10) of Table V show premia and R2 estimated from these
alternative asset sets. Adding the stock return beta-sorted portfolios to the
test assets lowers the annualized beta premium estimate, but only slightly. For
example, at the 5-year horizon, price-to-book-sorted portfolios indicate a beta
premium of 8.5% and adding beta-sorted portfolios lowers the estimate to 6.9%.7

Replacing the beta-sorted portfolios with size-sorted portfolios yields a closer
beta premium estimate of 7.4%. The high R2s are also robust to the addition
of risk-sorted portfolios: R2s of the cross-sectional regressions remain what we
consider high (from 28% to 53% for horizons from 2 to 10 years). Taking into
account the increased attenuation bias due to the lower signal-to-noise ratio,
we thus conclude that our finding that cash flow betas explain the sample price
levels well is robust to including risk-sorted portfolios as test assets.

We also repeat the calendar-time tests with monthly stock returns on these
alternative test asset sets and report the results in Table VI. As evident from the
table, these tests essentially break the stock return–based model. Adding beta-
sorted portfolios has a particularly devastating effect on the beta premium and

7 When estimating the cash flow betas of beta-sorted and ME/BE-sorted portfolios, we use the
maximum number of data points available for each portfolio return series (1933 to 1999 for beta-
sorted and 1928 to 1999 for price-to-book-sorted portfolios). When computing the moment error
covariance matrix used in the GMM standard error formulas, we only use the period for which the
return data are available for all portfolios.
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Table V
Price-Level Alphas, Alternative Test Assets

The table reports the regression coefficients and the R2 of the regression of the sample price levels
on cash flow betas for different sets of portfolios. Columns (2) to (4) use 30 price-to-book-sorted
portfolios. Columns (5) to (7) use 30 price-to-book-sorted portfolios and 30 portfolios sorted on 5-
year OLS stock return betas. Columns (8) to (10) use 30 price-to-book-sorted portfolios and 30
size-sorted portfolios. Betas are estimated from the full 1928 to 1999 sample, except for the beta-
sorted portfolios, for which the cash flow beta estimation period is 1933 to 1999. Footnotes in Table
II apply.

30 ME/BE-Sorted 30 ME/BE-Sorted Portfolios 30 ME/BE-Sorted Portfolios
Portfolios and 30 Beta-Sorted Portfolios and 30 Size-Sorted Portfolios

N λ0 λ1 R2 % λ0 λ1 R2 % λ0 λ1 R2 %

1 0.109 0.048 18.78 0.130 0.024 12.10 0.139 0.029 5.15
(0.059) (0.036) (0.028) (0.013) (0.037) (0.015)

2 0.069 0.088 51.43 0.113 0.043 27.78 0.086 0.079 39.19
(0.085) (0.072) (0.023) (0.017) (0.040) (0.034)

3 0.057 0.102 64.58 0.101 0.057 36.36 0.078 0.087 51.38
(0.052) (0.049) (0.019) (0.019) (0.028) (0.032)

5 0.078 0.085 75.26 0.091 0.069 53.48 0.096 0.074 61.81
(0.046) (0.043) (0.022) (0.022) (0.026) (0.028)

10 0.037 0.112 71.91 0.079 0.072 51.28 0.083 0.071 57.97
(0.054) (0.054) (0.018) (0.019) (0.029) (0.031)

15 0.042 0.107 40.84 0.111 0.039 17.66 0.081 0.072 44.52
(0.039) (0.035) (0.019) (0.020) (0.027) (0.032)

cross-sectional R2 in the first four columns of Table VI: The 15-year-horizon beta
premium (12.0% per year) obtained in Table IV drops to one-sixth its previous
value in column (4) of Table VI (2.0% per year). To summarize our results, by
including risk-sorted portfolios in the analysis we are unable to break pricing
models that link cash flow betas to price levels but are “successful” in breaking
pricing models that use stock return betas.

B. Beta Drift

To verify that the surprising crossing pattern in Figure 1 is not an artifact
of a time trend in value and growth stocks’ betas, in Table VII we estimate a
parametric specification for the betas:

Ri,t − Rrf ,t = αi +
L∑

l=0

β0,l × RMRFt−l +
L∑

l=0

β1,l × TRENDt × RMRFt−l

+
L∑

l=0

β2,l × YEARSi × RMRFt−l

+
L∑

l=0

β3,l × YEARSi × TRENDt × RMRFt−l + εi,t . (8)
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Table VII
Parametric Model of Beta Evolution

This table shows an estimated parametric specification for betas:

Ri,t − Rrf ,t = αi +
L∑

l=0

β0,l × RMRFt−l +
L∑

l=0

β1,l × TRENDt × RMRFt−l

+
L∑

l=0

β2,l × YEARSi × RMRFt−l +
L∑

l=0

β3,l × YEARSi × TRENDt × RMRFt−l + εi,t .

TREND is a linear time trend in centuries (month index divided by 1,200), normalized to zero in
the middle of the sample. YEARS is the number of years from the sort divided by 100, or more
accurately the number of lags we used in firms’ price-to-book ratios when sorting the portfolios
into deciles divided by 100. RMRF is the excess return on the market portfolio. L is the number
of monthly RMRF lags included in the regressions. The table reports the sums of coefficients for
value, growth, and value-minus-growth portfolios:

b(intercept) =
L∑

l=0

β0,l , b(trend) =
L∑

l=0

β1,l , b(years from sort) =
L∑

l=0

β2,l , b(years from sort×trend) =
L∑

l=0

β3,l .

The dependent variables are constructed as follows. We first sort stocks into price-to-book deciles.
Every year, we run 15 different sorts: deciles sorted on year t – 1 price-to-book ratios, deciles sorted
on year t – 2 price-to-book ratios, . . . , and deciles sorted on year t – 15 price-to-book ratios. As a
result, we have 715 months of returns on 150 portfolios for the period June 1941 to December 2000
(the maximum period for which our data made it possible to compute the 15-years-from-the-sort
portfolio). The dependent variables in the regressions are an equal-weight portfolio of the three
value-weight lowest price-to-book deciles (Panel A), an equal-weight portfolio of the three value-
weight highest price-to-book deciles (Panel B), and the difference of the two (Panel C).

Lags of RMRF (L) 0 1 2 5

Panel A: Value

b(intercept) 1.03 1.03 1.04 1.04
Standard error 0.02 0.02 0.03 0.04
t-statistic 62.79 46.28 38.65 28.11
b(trend) −1.01 −1.08 −1.19 −0.95
Standard error 0.09 0.13 0.15 0.20
t-statistic −10.76 −8.62 −8.00 −4.77
b(time from sort) 0.50 0.55 0.56 0.79
Standard error 0.11 0.14 0.17 0.24
t-statistic 4.68 3.80 3.24 3.28
b(time from sort × trend) 1.51 2.60 3.01 3.03
Standard error 0.61 0.81 0.96 1.29
t-statistic 2.49 3.21 3.15 2.35

Panel B: Growth

b(intercept) 1.05 1.05 1.04 1.01
Standard error 0.01 0.01 0.01 0.02
t-statistic 115.82 85.30 69.91 49.43
b(trend) 0.28 0.38 0.48 0.55
Standard error 0.05 0.07 0.08 0.11
t-statistic 5.38 5.47 5.92 4.97
b(time from sort) −0.62 −0.79 −0.80 −0.69
Standard error 0.07 0.09 0.11 0.15
t-statistic −9.22 −8.66 −7.23 −4.52

(continued)
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Table VII—Continued

Lags of RMRF (L) 0 1 2 5

b(time from sort × trend) −1.63 −2.01 −2.28 −2.14
Standard error 0.39 0.52 0.61 0.82
t-statistic −4.21 −3.89 −3.75 −2.60

Panel C: Difference (value minus growth)

b(intercept) −0.02 −0.02 0.01 0.03
Standard error 0.02 0.03 0.04 0.05
t-statistic −0.93 −0.57 0.18 0.63
b(trend) −1.29 −1.46 −1.67 −1.50
Standard error 0.13 0.17 0.20 0.27
t-statistic −10.22 −8.67 −8.40 −5.58
b(time from sort) 1.12 1.34 1.36 1.48
Standard error 0.14 0.18 0.22 0.31
t-statistic 8.27 7.30 6.15 4.83
b(time from sort × trend) 3.13 4.61 5.30 5.17
Standard error 0.77 1.03 1.22 1.65
t-statistic 4.05 4.46 4.34 3.14

Above, TREND is a linear time trend in centuries (month index divided by
1,200), normalized to zero in the middle of the sample, and YEARS is the num-
ber of years from the sort divided by 100; or more informatively, the number
of lags we used in firms’ price-to-book ratios when sorting the portfolios into
deciles, divided by 100. Table VII reports the sums of coefficients (i.e., total
betas) for the value, growth, and difference portfolios as a function of L (the
number of monthly lags). The results suggest that even after controlling for the
time trend, growth stocks’ betas decline and value stocks’ betas increase after
the sort. Based on the coefficient of the interaction term, these patterns appear
to be especially strong in the later years of the sample. The above results show
that value stocks do have higher long-run betas than growth stocks.

C. Modern Subperiod

Most of the evidence documenting the CAPM’s failure to explain the average
(one-period) returns on price-to-book-sorted portfolios comes from the so-called
COMPUSTAT subperiod starting in 1963. Davis et al. (2000) argue that the
value premium in U.S. stock returns is not sample-specific, as that premium
is as strong for the pre-COMPUSTAT subperiod (1929 to 1962) as it is for the
modern subperiod. However, Campbell and Vuolteenaho (2004) and others show
that the usual implementation of the CAPM does a reasonable job of explaining
that premium in the early sample. This section investigates whether the early
subperiod drives our results.

Table VIII reports estimates of cash flow betas in the modern subperiod. As
in the full period, all measures of cash flow betas are higher for value stocks
than for growth stocks. In the first row of Table VIII, we report cash flow betas
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using the same variable, 5-year sums of discounted log ROE, as in Table II
Panel A. The spread in cash flow beta across the extreme ME/BE deciles is
now −3.00, reported in column (13), about three times that estimated from
the full subperiod. This large spread is statistically significant as well, with a
t-statistic of 3.57. A statistically and economically significant gap also exists
between broader definitions of growth and value. And, again, this gap is bigger
than that estimated in the full period.

As in the full period, these conclusions are not sensitive to our proxy for
firm cash flow. For the five alternative definitions we consider, value deciles
consistently have higher cash flow betas than growth stocks. All of the estimates
of the spread in cash flow beta between the top three and bottom three market-
to-book deciles are statistically significant.

Table VIII also reports the sample price-level alpha and price-level alpha
standard error for the price-to-book deciles for each of the cash flow measures
at the 5-year horizon. At this horizon, the difference in sample price levels
between the top three value deciles and the top three growth deciles is 20.6%
(not reported). Given the reported spread in cash flow betas, it is not surprising
that the price-level alphas for this difference portfolio are smaller for all six
different measures of cash flow beta, ranging from 15.1% to 8.6%. Moreover,
none of the six different cash flow beta measures have sample price-level alphas
for this difference portfolio that are significant at the 10% level. Finally, while
the difference in price levels of the highest and lowest price-to-book decile is a
large 28.0% (not reported), for our preferred measure, the difference in price-
level alphas is only 6.7%, over 75% smaller.

Consistent with the estimate of the interaction coefficient of Table VII,
Figure 3 indicates that even in the modern subperiod, long-run risks of value
and growth stocks remain very different from these risks in the short run. A
careful look indicates that the major difference between the full period and
the modern subperiod is that now growth stocks start out with a much higher
contemporaneous stock return beta relative to value stocks as of the time of
classification. The same is true for various specifications of total stock return
beta. Nevertheless, as time passes from the sort, the risk of value stocks in-
creases while the risk of growth stocks decreases. Due to the larger initial gap,
contemporaneous as well as total betas cross much later after the initial clas-
sification. Still, value stocks have statistically significantly higher betas than
growth stocks 15 years after the sort across all specifications of beta. Thus,
we conclude that our novel finding of the dramatic post-sort evolution of stock
return betas of growth and value stocks is present in the modern subperiod.
Moreover, the size of the long-run permanent difference in CAPM beta found
in the modern subperiod remains similar in magnitude.

Table IX reports the pricing results for our calendar-time tests when re-
stricted to the modern sample. As before, the CAPM cannot explain sample
price levels for horizons up to 5 years. Similarly, in the long-horizon tests (where
the test assets are 10-year and 15-year deciles), we are also unable to reject the
hypothesis that the CAPM explains the sample price levels of price-to-book
deciles.
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Figure 3. Evolution of CAPM beta after portfolio formation, modern subperiod. This
figure shows the evolution of total CAPM beta for value and growth stocks after portfolio formation.
We first sort stocks into price-to-book deciles. Every year, we run 15 different sorts: Deciles sorted on
year t – 1 price-to-book ratios, deciles sorted on year t – 2 price-to-book ratios, . . . , and deciles sorted
on year t – 15 price-to-book ratios. As a result, we have 451 months of returns on 150 portfolios
for the period June 1963 to December 2000. We compute our measure of risk by regressing the
monthly returns on the portfolios on the contemporaneous and lagged market returns. We then
sum the regression coefficients for each dependent variable to obtain what we call “total beta.” The
upper-left plot is produced with no lagged market returns in the regressions, the upper-right with
one lag, the lower-left with two lags, and the lower-right with five lags. The dependent variables in
the regressions are an equal-weight portfolio of the three value-weight lowest price-to-book deciles
and an equal-weight portfolio of the three value-weight highest price-to-book deciles. The total beta
of value stocks is plotted with a solid line and triangles and the total beta of growth stocks with
just a solid line. The dashed lines show one-standard-error bounds.

In contrast to the full period results, however, the stock return CAPM does
not explain much of the price-level differential at any of the horizons we study.
At the 15-year horizon, the long-short portfolio generates a price-level differ-
ence of 21.8%, with an accompanying price-level alpha of 20.9%. The fact that
sample price levels cannot be explained by stock return betas can also be seen in
Figure 4. There is some consolation in that for both estimates, we fail to reject
the null that each estimate is equal to zero at bootstrapped p-values greater
than 20%.
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Figure 4. Price levels and price-level alphas, modern subperiod. This figure shows sample
price levels (top graph) and price-level alphas (bottom graph) for book-to-price sorted portfolios.
The sample price levels and price-level alphas are cross-sectionally demeaned within each horizon
N for the purpose of presentation. The sample period (June 1963 to December 2000) and estimation
methods are the same as in Table IX.

IV. Conclusions

The goal of this paper is to evaluate the relative importance of risk and
mispricing to the cross-sectional variation in firms’ stock prices. Our approach
differs from the previous cross-sectional research in two important ways.

First, unlike most previous cross-sectional studies, we follow Summers (1986)
and concentrate on stock price levels instead of trading profits. We argue that
focusing on price levels has important advantages. A common definition of
market efficiency states that stock prices reflect information to the point that
the marginal benefits of acquiring information and trading on it do not ex-
ceed the marginal costs (Jensen (1978)). One problem in testing market effi-
ciency is that what constitutes a reasonable level of information and transaction
costs is ambiguous. The interpretation of before-cost trading profits on high-
turnover investment strategies can crucially depend on the assumed level of
costs. On the contrary, the price-level criterion we advocate is largely immune
to this concern. Evaluating market efficiency at the price level is analogous
to evaluating trading profits on a simple strategy of buying or short-selling a
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stock once and holding the position forever. Thus, the price-level criterion is
clearly less sensitive to assumptions about reasonable trading and information
costs.

Similarly, the price-level criterion is interesting to an investor who, for some
reason, is constrained to a long holding period. For example, the level of price is
the appropriate measure for a host of economically important decisions includ-
ing firms’ real investment decisions as well as merger and acquisition activity—
endeavors essentially requiring buy-and-hold behavior.

Second, following Brainard et al. (1991) we measure risk by covariances of
cash flow fundamentals instead of covariances of stock returns. If the objective
is to test the joint hypothesis of market efficiency and an asset pricing model
being literally true, a valid test of this joint hypothesis examines the relation
between first and second moments of high-frequency stock returns. However, if
the objective is to measure how well the joint hypothesis predicts stock prices in
a possibly inefficient market, tests relying solely on the properties of stock re-
turns are handicapped by the following disadvantage. Market inefficiencies can
affect not only average returns but also return covariances, and this problem is
likely to be more severe the higher the frequency of the returns. The price-level
tests we advocate connect stock prices to covariances or betas of cash flows.
Regressing prices on cash flow betas is in our opinion a cleaner way to measure
a model’s explanatory power than regressing average returns on return betas,
because the cash flow betas are less affected by mispricing.

We test empirically the ability of the CAPM to explain value and growth
stocks’ price levels. Our empirical results suggest that mispricing relative to
the CAPM is not necessarily an important factor in determining the price levels
of value and growth stocks. Cash flow betas (measured by regressing firms’ log
ROEs on the market’s log ROE) essentially explain the prices of and long-
horizon returns on price-to-book-sorted portfolios, with a premium consistent
with the theory.

We confirm and extend these findings with tests on stock returns. When we
sort stocks on price-to-book ratios, immediately after the sort the low price-to-
book portfolios have lower CAPM betas than the high price-to-book portfolios.
However, this lower risk of value stocks is entirely temporary: As time since
the sort increases, the beta of the value-stock portfolio increases while the beta
of the growth-stock portfolio decreases. Within 10 to 15 years, the betas of
these portfolios have reached their long-run permanent levels, and the long-
run CAPM betas of value stocks are much higher than those of growth stocks.
If an investor has a 15-year buy-and-hold investment horizon, value and growth
portfolios’ average returns line up closely with their CAPM betas.

Of course, our results do not change the fact that the CAPM cannot explain the
abnormal performance of an annually rebalanced value-minus-growth strategy.
That strategy will have a high return and low stock return beta, at least before
accounting for transaction costs, irrespective of what happens to those stocks
after they are sold or bought back on the short side. However, the long-run
betas are crucial when diagnosing the economic significance of the value-minus-
growth anomaly. We argue that, for many purposes, the joint hypothesis of the
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CAPM and market efficiency approximates the pricing of value and growth
stocks well at the price level.

Our results may validate what beforehand might have been seen as a common
but inappropriate use of CAPM-based hurdle rates by firms, given the empir-
ical evidence on the CAPM’s inability to explain one-period expected returns.
For example, Graham and Harvey (2001, p. 232) state: “It is very interesting
that CFOs pay very little attention to risk factors based on momentum and
book-to-market value.” Our empirical results, like the theoretical results by
Stein (1996), support the use of the CAPM in capital budgeting, as long as the
betas are measured from cash flows or long-term stock returns. Unlike Stein,
however, our results also suggest that once a project is undertaken, the stock
market values it approximately “right,” that is, consistently with the model’s
present value calculation.

Shleifer and Vishny (2001) model merger and acquisition decisions and
suggest that these transactions are motivated by acquirers (targets) being
overpriced (underpriced). Their model makes the implicit assumption that
deviations from fundamental values are economically significant. Our findings
suggest that high book-to-market “fallen angels” within industries are not nec-
essarily obvious takeover targets based on their valuations alone, because the
average takeover premium and other transaction costs are an order of mag-
nitude higher than the mispricing we detect (Bradley (1980)). At minimum,
our results suggest that empirical tests of this valuation motive should care-
fully estimate the risk-adjusted price-level impact of any return predictability
assumed to be due to market inefficiencies.

Our evidence is also directly relevant to the interpretation of Baker and
Wurgler’s (2002) empirical evidence on equity issues. Based on their finding
that the historical sequence of past book-to-market ratios forecasts the capital
structure far into the future, Baker and Wurgler argue that a firm’s long-run
capital structure is determined by the sequence of opportunistic equity issuance
and share repurchase decisions. Our finding that firms’ book-to-market ratios
are associated with only modest levels of relative mispricing suggests that the
benefits from this timing activity are small. If the benefits are small, the costs
of deviating from the “optimal” capital structure must also be small, and the
optimal capital structure must be well approximated by the Modigliani and
Miller (1958) irrelevancy principle.

Appendix: How Mispricing Can Inflate Cross-sectional Beta
Premium and R2 Estimates

In this appendix, we argue that betas calculated with long-horizon returns
can be hard-wired to make the CAPM look good in cross-sectional regressions.
We show that under reasonable conditions, an arbitrary type of mispricing will
increase the cross-sectional beta premium estimated from the data with a cross-
sectional regression. Consequently, even if the CAPM is not the true model of
market equilibrium (e.g., the true premium in an efficient market for beta risk
would be zero), if the market is informationally inefficient we can expect to
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find a positive premium for beta risk and obtain artificially high R2s in cross-
sectional tests of the CAPM. We also argue that the effect is stronger at longer
time horizons.

Consider an informationally efficient market. For each stock indexed by i,

ki ≡ gross required return

Ri ≡ gross realized return

βi ≡ beta (observed or estimated without error). (A1)

Returns are expressed in gross units, that is, one plus net returns. For simplicity,
assume that the cross-sectional mean of βi is one.

We are interested in the cross-sectional premium for beta risk, λ1, in the
regression

E(Ri) = ki = λ0 + λ1βi. (A2)

In an efficient market, a cross-sectional regression (without an error term)
recovers this beta premium. Note that λ0 is in gross return units and therefore
normally greater than one but certainly larger than zero.

Let us now introduce mispricing into the market. Each stock is mispriced
such that mispricing is resolved by the factor fi, which is also assumed to have
a mean of one. The expected (by an outside observer, not necessarily by any
market participant) and realized returns on each stock are now given by

k′
i ≡ fiki

R ′
i ≡ fi Ri, (A3)

where we denote variables observed in the world with mispricing with a prime.
For simplicity, assume that fi and βi are independent and have nonzero vari-
ances and that the mispricing resolution does not correlate with market weights
such that it would affect market returns. Therefore, R ′

M = RM .
In the world with mispricing, each firm’s beta will be changed by its degree

of mispricing:

β ′
i = cov(R ′

i, RM )
var(RM )

= cov( fi Ri, RM )
var(RM )

= fi
cov(Ri, RM )

var(RM )
= fiβi. (A4)

In the mispriced world we have an observed beta premium, λ′
1:

k′
i = fiki = λ′

0 + λ′
1( fiβi) + ε′

i, (A5)

where λ′
1 is chosen by a least-squares regression. We wish to show that λ′

1 > λ1.
Substituting ki = λ0 + λ1βi in equation (A5) gives

fiλ0 + fiλ1βi = λ′
0 + λ′

1( fiβi) + ε′
i. (A6)

Since we use a cross-sectional least squares regression to choose λ′
1, we can

split the above equation and λ′
1 into two separate regressions. The first term of
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λ′
1 is the regression coefficient of fiλ0 on fiβi. The second term of λ′

1 is a trivial
regression of fiλ1βi on fiβi, which simply recovers the coefficient λ1:

λ′
1 = λ0

cov( f , fβ)
var( fβ)

+ λ1. (A7)

Note that we drop i subscripts to underscore that the ‘‘cov’’ and ‘‘var’’ estimates
are cross-sectional ones. At this point, the assumption that f and β are inde-
pendent is useful, because it allows us to unambiguously sign the effect:

cov( f , fβ)
var( fβ)

= E(β)
var( f )
var( fβ)

= E(β)
var( f )

E2(β)var( f ) + E2( f )var(β) + var( f )var(β)

= var( f )
var( f ) + var(β) + var( f )var(β)

= 1

1 + var(β) + var(β)
var( f )

, (A8)

since f and β have mean equal to one. Therefore,

λ′
1 = λ0

1

1 + var(β) + var(β)
var( f )

+ λ1 > λ1. (A9)

The R2 for the cross-sectional regression equation (A5) is var2( fi)/
[var( fiβi)var( fiλ0 + fiλ1βi)].

Moreover, it is reasonable to assume that underlying β does not change
with time horizon. In contrast, the variance of the mispricing resolution fac-
tor f likely increases with time horizon (more mispricing will be resolved
in a year than, say, in a day) because the multi-period mispricing resolu-
tion factor is simply the product of one-period mispricing resolution factors:
R ′

i,t R ′
i,t+1 ≡ fi,t f i,t+1 Ri,t Ri,t+1. Therefore, we conjecture that the longer the

beta-estimation estimation horizon, the stronger the effect in the cross-sectional
R2.

Calibration of equation (A9) indicates that the effect is economically signif-
icant. Consider a world where the zero-beta rate is 2% per annum. A reason-
able amount of cross-sectional variation in β might be 0.2, such that under
a normal distribution 95% of firms have βs between 0.60 and 1.40. Let us
further assume that the mispricing resolution factor has the following stan-
dard deviation: 0.050, 0.072, 0.105, and 0.126 for 1-year, 2-year, 5-year, and
10-year horizons. The relative magnitudes of these variances are proportional
to the variance of the expected return component of Cohen et al.’s (2003)
Table I at these horizons. These assumptions result in λ′

1s of 5.99%, 11.79%,
23.63%, and 35.34% respectively, when λ1, the true cross-sectional premium for
β, is zero. More importantly, the cross-sectional R2s grow with the horizon to be
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5.64%, 10.47%, 17.56%, and 18.96% at the 1-year, 2-year, 5-year, and 10-year
horizons.
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