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ABSTRACT

Why do stock prices vary? Using survey forecasts, we �nd that cash �ow growth

expectations explain most movements in the S&P 500 price-dividend and price-earnings

ratios, accounting for at least 93% and 63% of their variation. These expectations

comove strongly with price ratios, even when price ratios do not predict future cash �ow

growth. In comparison, return expectations have low volatility and small comovement

with price ratios. Short-term, rather than long-term, expectations account for most

price ratio variation. We propose an asset pricing model with beliefs about earnings

growth reversal that accurately replicates these cash �ow growth expectations and

dynamics.
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A central question in �nance is what drives stock price movements. Speci�cally, we

want to know what explains the large movements in the aggregate price-dividend ratio,

a measure of how cheap or expensive stocks are at a given time. Based on the present

value approach, for any investor that prices the stock, the stock's price should equal her

expected discounted value of future dividends. This is true regardless if her expectations

match an objective probability distribution or if they come from a subjective distribution.

Price changes should therefore be due to changes in her dividend expectations or her return

expectations, and changes in the price-dividend ratio should be due to changes in her dividend

growth expectations or return expectations.

The challenge is determining the expectations of market participants. If investors have

rational expectations, then we can infer the importance of dividend growth and return expec-

tations from the realized data. Regressions using historical price and dividend data for the

S&P 500 index have shown that a high price-dividend ratio is typically followed by low fu-

ture returns, not high future dividend growth (e.g. Campbell and Shiller (1988a); Cochrane

(2008, 2010)). This result has motivated many models where price movements are driven

by agents' time-varying expected returns, such as habit formation, stochastic volatility, and

time variation in disaster probabilities. Many of these models assign little or no importance

to �uctuations in expected dividend growth for explaining price movements.

Rather than assuming rational expectations, this paper uses survey forecasts to measure

investors' subjective expectations of dividend growth and returns for the S&P 500 index.

Using these subjective expectations and the Campbell and Shiller (1988b) variance decom-

position, we estimate how much of the variation in the price-dividend ratio comes from

changes in dividend growth expectations versus return expectations. We then perform the

same exercise for the price-earnings ratio using earnings growth expectations from the survey

data. We estimate that dividend growth expectations explain at least 93% of the variation in

the price-dividend ratio and earnings growth expectations explain at least 63% of the varia-

tion in the price-earnings ratio. Based on these results, we construct a model of expectations

formation that accurately replicates these subjective expectations and generates price ratios

that are primarily explained by movements in cash �ow growth expectations, rather than

movements in return expectations.

We use data from several surveys to measure subjective cash �ow growth and return

expectations. For both dividends and earnings, cash �ow growth expectations vary substan-
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tially over time and positively comove with price ratios, even when price ratios do not predict

future cash �ow growth. In comparison, return expectations across multiple surveys have

relatively low volatility over time and limited comovement with either the price-dividend or

price-earnings ratio. We construct quarterly one-year and two-year subjective expectations

of S&P 500 dividends and earnings from the Thomson Reuters I/B/E/S Estimates Database

by aggregating analyst forecasts for individual �rms in the S&P 500. The one-year and two-

year dividend forecasts are available from 2003 onwards, and the one-year and two-year

earnings forecasts are available from 1976 and 1985 onwards, respectively. We measure one-

year and ten-year return expectations for the S&P 500 from the quarterly Graham-Harvey

Global Business Outlook Survey, which surveys CFOs of major US corporations. We also

collect additional surveys of return expectations that go back as far as 1952.

The variance decompositions for both price ratios show three key results: a large contribu-

tion from cash �ow growth expectations, a negligible contribution from return expectations,

and a dominance of short-term expectations. Cash �ow growth expectations vary signi�-

cantly over time and are high when the price ratios are high, so most price ratio movements

can be explained by investors expecting higher or lower future cash �ows. Return expecta-

tions have much lower volatility which means price ratio movements are not explained by

changes in discount rates. If anything, return expectations slightly rise when price ratios

are high, which means discount rates somewhat dampen the movements in the price ratios.

Lastly, we �nd that movements in both price ratios are largely explained by changes in short-

term cash �ow growth expectations, with one-year dividend growth expectations accounting

for 39% of the variation in the price-dividend ratio from 2003 to 2015 and one-year earnings

growth expectations accounting for 42% of the variation in the price-earnings ratio for 1976

to 2015.

To quantify the entire contribution of cash �ow growth and return expectations, we esti-

mate a simple decay functional form for expectations. This allows us to estimate expectations

for horizons that are not reported in the survey data. Longer horizon subjective expectations

show that investors do not believe that changes in short-term cash �ow growth or returns will

be persistent. Changes in short-term subjective expectations are only associated with small

changes in longer horizon subjective expectations and the comovement between subjective

expectations and price ratios is primarily concentrated in short-term expectations.

To provide a theoretical benchmark for the three key results of these decompositions, we
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calculate the variance decompositions in four leading models from di�erent branches of the

asset pricing literature. We focus on the external habit formation model of Campbell and

Cochrane (1999), the long-run risk model of Bansal, Kiku, and Yaron (2012), the parameter

learning model of Collin-Dufresne, Johannes, and Lochstoer (2016) and the return extrap-

olation model of Barberis et al. (2015). Both the external habit formation model and the

learning model generate a zero or very small contribution from cash �ow growth expectations

for explaining price-dividend ratio variation. In the return extrapolation model, cash �ow

growth expectations vary over time, but not enough to create a volatile price-dividend ratio,

as their e�ect is almost completely negated by movements in return expectations. In the

long-run risk model, cash �ow growth expectations do explain some of the price-dividend

ratio variation, however, return expectations still explain the majority of the variation.

These results illustrate the challenges of reconciling the large variation in subjective cash

�ow growth expectations with standard asset pricing models. We propose a simple asset

pricing model that is able to replicate the subjective cash �ow growth expectations from

the survey data and match relevant moments from the joint dynamics of asset prices and

subjective expectations. In the model, agents believe that shocks to earnings will be partially

transitory, which means that changes in earnings growth will be partially reversed by future

earnings growth, and believe that changes in earnings will be gradually incorporated into

dividends. Agents' discount rates are based on consumption growth, which is only weakly

related to dividend growth, resulting in low volatility for agents' return expectations and

allowing for a closed-form solution for price ratios. We refer to this as the Earnings Growth

Reversal model.

The three model parameters are estimated from the survey expectations data. We do

not use any information about the observed price ratios. The model succeeds in several

dimensions. First, the model matches the variance decompositions documented in the pa-

per. Second, the model is able to closely reproduce both the subjective earnings growth

and dividend growth expectations time series. Third, in addition to the covariance be-

tween expectations and price ratios measured in the decompositions, the model also matches

the comovement between short horizon and longer horizon subjective expectations and the

volatilities for price ratios, price ratio changes, and realized returns. Fourth, model-implied

cash �ow growth expectations rise with price ratios, even when price ratios do not pre-

dict realized future cash �ow growth, meaning that forecast errors may be predictable by
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price ratios. The predictability of these forecast errors varies over time in the data and the

model accurately replicates this �nding. Finally, the model reconciles our �ndings with two

important �ndings from the return extrapolation literature.1

We then perform robustness checks on our main results. First, we generalize our de-

compositions so that they require no assumptions about dividend growth, earnings growth,

or return expectations. This is done by removing the no-bubble condition, allowing for the

possibility that investors believe the price-dividend ratio or price-earnings ratio will explode

to in�nity or collapse to zero. We also estimate an exact decomposition for the price-earnings

ratio rather than the simpli�ed decomposition used in earlier sections. These extensions have

no e�ect on our estimates of how much of the price ratio variation is explained by subjective

cash �ow growth expectations. Second, we show that our three key results do not depend on

our estimated decay functional form for long horizon expectations. We calculate an extended

decomposition exclusively using the directly measured cash �ow growth and return expecta-

tions. Movements in the �rst two years of cash �ow growth expectations can account for 65%

and 64% of the movements in the price-dividend ratio and price-earnings ratio, respectively.

So, we do not need to estimate long horizon expectations in order to conclude that cash �ow

growth expectations account for the majority of price ratio movements. Third, we show that

our results are robust to the alternative decomposition introduced by Campbell (1991) that

uses changes in dividend growth expectations and return expectations to explain unexpected

returns, rather than price ratios. Changes in dividend growth expectations explain 96% of

the variation in unexpected returns while changes in return expectations only explain 2%.

Our paper contributes to a growing literature that uses surveys of expectations, rather

than statistical expectations based on regressions, to understand aggregate asset price move-

ments. This literature has typically focused on expectations of aggregate returns for the

stock market and other asset classes (Greenwood and Shleifer (2014); Piazzesi, Salomao,

and Schneider (2015); Koijen, Schmeling, and Vrugt (2015)) and how these expectations re-

late to current market conditions and future realized returns. We similarly use expectations

of aggregate stock market returns, but importantly, also construct measures of aggregate

cash �ow growth expectations. Through the three key results from the decompositions and

1In the model, return expectations are more correlated with current returns than with future returns,
as documented by Greenwood and Shleifer (2014), and the ability of the price-dividend ratio to predict
future returns is stronger when return expectations are more related to recent returns than earlier returns,
as Cassella and Gulen (2018) �nd.
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the success of the proposed model, we show that these cash �ow growth expectations have

signi�cant potential for explaining stock market volatility. Because of this, our paper is also

connected to the literature challenging the irrelevance of expected cash �ow growth and the

dominance of expected returns in driving price ratios. Several papers (Ang (2012); Koijen

and Van Nieuwerburgh (2011); Larrain and Yogo (2008)) argue that sample selection and

changing the de�nition of cash �ows (e.g. reinvesting dividends in a particular way, includ-

ing payments to bondholders) could lead to results where realized future cash �ow growth

has nontrivial signi�cance.2 Our paper sticks to the standard de�nitions of dividend growth

and earnings growth and shows that expectations of standard cash �ow growth, in particular

short-term cash �ow growth, are the main driver of price ratio movements when expectations

are measured from the survey data.3

Recent theoretical models (e.g. Barberis et al. (2015); Adam, Marcet, and Beutel (2017))

have been proposed to reconcile survey data on expectations with price volatility. With

some exceptions (for example, Bordalo et al. (2017)), these papers have primarily focused on

explaining the behavior of subjective return expectations. The main force driving price ratio

movements in these models is typically expectations of future price growth. Consistent with

these models, high price ratios in our data are not explained by lower discount rates because

agents report slightly higher expected returns when price ratios are high. Our paper adds to

this literature by creating measures of subjective cash �ow growth expectations and showing

that expectations of future cash �ow growth, rather than expectations of future price growth,

account for the vast majority of price ratio movements.4 This can still be consistent with

a model of return extrapolation, as shown by Jin and Sui (2019). In their model, agents

form their cash �ow growth expectations based on their expectations of future price-dividend

ratios and their expectations of future returns, which allows return expectations to play an

important role in asset price movements via their e�ect on cash �ow growth expectations. We

2Chen, Da, and Zhao (2013) also cast doubt on the importance of return expectations in moving prices
using �rm-level earnings expectations data. Their objects of study are di�erent from the traditional cash
�ow growth and return decomposition in the existing literature, as they decompose prices into the implied
cost of equity capital, which they treat as a measure of discount rates, and a residual measure of cash �ows.
They show that the implied cost of equity capital cannot explain the majority of price movements.

3This importance of short-term expectations is consistent with Van Binsbergen, Brandt, and Koijen
(2012) who construct dividend strip prices and conclude that excess volatility in the aggregate stock market
can be largely explained by excess volatility in short-term dividend strip prices.

4See Barsky and DeLong (1993); Barberis, Shleifer, and Vishny (1998) for examples of models that focus
on cash �ow expectations.
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also contribute to the theoretical literature by proposing a model of subjective expectation

formation focused on earnings growth reversal that is able to replicate this stylized fact and

our other main �ndings on cash �ow growth expectations and generates return expectations

consistent with the �ndings of the return extrapolation literature.

The sections are organized as follows. Section I introduces the Campbell-Shiller de-

composition and discusses our approach in light of its current treatment in the literature.

Sections II and III describe the data construction and explore the key characteristics of the

short-term subjective expectations. Section IV calculates the role of cash �ow growth and

return expectations in explaining movements in the price ratios. Section V tests four leading

asset pricing models, then presents the Earnings Growth Reversal model and discusses its

results. Section VI covers robustness checks on our main �ndings. Section VII concludes.

I. Decomposing Price Movements

Movements in the S&P 500 index must re�ect changes in expected future dividends or

changes in discount rates. A stock's price is the discounted value of future dividends, which

means the value of the S&P 500 is the discounted value of future dividends paid by the

constituent �rms. In this section, we �rst focus directly on the expected future dividends

and discount rates. The majority of S&P 500 �rms pay dividends. By market value, the

dividend paying �rms represent 80-90% of the entire index, and dividends are the main

method by which S&P 500 �rms make cash distributions to their shareholders.5 We then

use the payout ratio, which is the ratio of dividends to earnings, to express changes in prices

as changes in expected future earnings, discount rates, or expected future payout ratios.

A. Theory

This section describes the variance decompositions used for the price-dividend and price-

earnings ratios of the S&P 500 index. Throughout the paper, we will use the notation O∗ to

denote when an operator such as expected value, covariance, or variance uses the subjective

probability distribution, and will use O when the operator uses the statistical distribution as

5Dividends represent 80% of total payouts made by S&P 500 �rms over 2003 to 2015, where total payouts
are measured as dividends plus share repurchases minus share issuance. In earlier samples, dividends are an
even higher portion of total payouts.
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measured by an econometrician. For example, E∗ [·] will represent the subjective expectation
of a variable, while Cov (·, ·) represents the statistical covariance of the variables.

We start with the one-year return identity

Rt+1 =
Pt+1 +Dt+1

Pt
=

(
Pt+1

Dt+1
+ 1
)
Dt+1

Dt

Pt

Dt

,

where Pt and Dt represent the current price and dividends of the index. Because we are

using the aggregate S&P 500, dividends are always positive even if some individual �rms are

not paying dividends. Log-linearizing around a long-term average of P/D, we can state the

price-dividend ratio pdt in terms of future dividend growth, ∆dt+1, future returns, rt+1, and

the future price-dividend ratio, pdt+1, all in logs:

pdt = κ+ ∆dt+1 − rt+1 + ρpdt+1, (1)

where κ is a constant, ρ = ep̄d/
(

1 + ep̄d
)
< 1 and p̄d is the mean value of the log price-

dividend ratio. By further imposing a no-bubble condition, lim
T→∞

ρTE∗t [pdt+T ] = 0, we can

iterate this equation and apply subjective expectations to write the price-dividend ratio as

the sum of a constant plus two main factors,

pdt =
1

1− ρ
κ+

∞∑
j=1

ρj−1E∗t [∆dt+j]−
∞∑
j=1

ρj−1E∗t [rt+j] . (2)

Note that these subjective expectations do not need to be rational. Given any set of divi-

dend growth and return expectations, equation (2) will hold as long as lim
T→∞

ρTE∗t [pdt+T ] = 0

is satis�ed, (i.e. investors' return and dividend growth expectations don't imply that the

price-dividend ratio is expected to explode to positive or negative in�nity). In Section VI.A,

we relax this no-bubble condition and explicitly allow for a non-zero limit term.

This equation directly shows that an increase in the price-dividend ratio must be due

to higher subjective dividend growth expectations or lower subjective return expectations.

While equation (2) holds without expectations, applying expectations makes all components

known at time t. This allows us to see what drives the change in the price-dividend ratio

(i.e. did prices rise because investors are optimistic about future dividends or because they

are expecting lower returns).

To measure the relative importance of subjective dividend growth expectations and sub-

jective return expectations for explaining price movements, we separate the variance of the
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price-dividend ratio into its covariance with subjective expected dividend growth and its

covariance with subjective expected returns to get the following decomposition:

1 =

Cov

(
∞∑
j=1

ρj−1E∗t [∆dt+j] , pdt

)
V ar(pdt)

+

Cov

(
−
∞∑
j=1

ρj−1E∗t [rt+j] , pdt

)
V ar(pdt)

. (3)

The two terms represent the fraction of the variance of the price-dividend ratio that is

explained by changes in subjective expected dividend growth and the fraction explained by

changes in subjective expected returns. This is the standard Campbell-Shiller decomposition.

These two terms will then tell us whether price changes are primarily explained by changes

in cash �ow growth expectations (dividend growth expectations) or changes in discount rates

(return expectations). They will be referred to as cash �ow news and discount rate news.6

Our subjective dividend expectations data starts in 2003Q1, but the subjective earnings

expectations go as far back to 1976Q1. Because of this, we also use a separate decomposition

for the price-earnings ratio that doesn't require the use of subjective dividend expectations

or assumptions about subjective expectations of future price-dividend ratios. Using the log

payout ratio det, we can insert the identity pet = pdt + det into (1) to obtain:

pet = κ+ ∆et+1 − rt+1 + (1− ρ) det+1 + ρpet+1. (4)

Just as with dividends, we do not need to worry about very small or negative values for

earnings because we are using the earnings for the entire S&P 500 index. Since 1− ρ is close
to 0, movements in the future payout ratio do not play a large role in explaining movements

in the price-earnings ratio. We ignore these movements for the majority of the paper and

use the following approximation for pet:

pet ≈ κ̃+ ∆et+1 − rt+1 + ρpet+1, (5)

≈ 1

1− ρ
κ̃+

∞∑
j=1

ρj−1E∗t [∆et+j]−
∞∑
j=1

ρj−1E∗t [rt+j] . (6)

where κ̃ = κ+ (1− ρ) d̄e and d̄e is the mean log payout ratio. The second equation requires

the no-bubble condition lim
T→∞

ρTE∗t [pet+T ] = 0, which is relaxed in Section VI.A. We now

6There is another useful decomposition from Campbell (1991) that measures the importance of cash �ow
growth expectations and return expectations for explaining unexpected returns, rather than price-dividend
ratio movements. We estimate this decomposition in Section VI.C and �nd that the results are remarkably
similar to our results for the price-dividend ratio decomposition.
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have a decomposition of pet analogous to (3) that doesn't require dividend expectations,

1 ≈

Cov

(
∞∑
j=1

ρj−1E∗t [∆et+j] , pet

)
V ar(pet)

+

Cov

(
−
∞∑
j=1

ρj−1E∗t [rt+j] , pet

)
V ar(pet)

. (7)

Movements in the price-earnings ratio must primarily come from changes in subjective cash

�ow growth expectations (subjective earnings growth expectations) or changes in discount

rates (subjective return expectations). In Section VI.C, we estimate the exact decomposition

for pet by including subjective expectations of future payout ratios and show that our results

are virtually unchanged.

B. Estimation

It is important to note that when these decompositions are estimated in the data, they

do not measure causal relationships. Despite this, these decompositions are still useful for

diagnosing the possible sources of price ratio variation. For example, a large estimate for cash

�ow news means that whatever shock is responsible for price ratio variation must have a larger

impact on subjective cash �ow growth expectations than subjective return expectations.

While direct shocks to investors' subjective cash �ow growth expectations would be the

simplest type of shock that meets this criterion, other shocks could also generate large cash

�ow news so long as they primarily impact subjective cash �ow growth expectations. For

instance, a return extrapolation model can match our main �ndings if changes in return

expectations cause even larger changes in cash �ow growth expectations.7

There are two possible approaches to empirically estimate these decompositions. A com-

mon approach in the literature is to assume agents have rational expectations. An econo-

metrician can then statistically infer agents' expectations from historical dividend, earnings,

and price data. For every horizon T , these statistical expectations, E [·], have the property
Cov

(∑T
j=1Et [∆dt+j] , pdt

)
= Cov

(∑T
j=1 ∆dt+j, pdt

)
as long as the price-dividend ratio is

used in the inference. Consequently, the component of expected dividend growth can be

approximated by
Cov(

∑T
j=1 ρ

j−1∆dt+j ,pdt)
V ar(pdt)

, which under stationarity is just the OLS coe�cient

of a simple regression of future dividend growth on pdt. Similarly, we can obtain the contri-

bution of expected returns by regressing future returns on pdt and can repeat this procedure

7See Jin and Sui (2019) for an example.
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for the price-earnings ratio using future earnings growth and returns.

Findings by Campbell and Shiller (1988b); Fama and French (1988); Cochrane (2008) and

others suggest that the contribution of future dividend growth is virtually zero and all price-

dividend ratio movements must be explained by future returns. Since the price-dividend

ratio does not covary with observed future dividend growth, many economic models assume

dividend growth expectations are constant or unimportant for stock market volatility and

that time-varying risk premia are the primary factor driving prices in the economy.8 Camp-

bell and Shiller (2001); Lewellen (2004); Maio and Xu (2018) �nd that a similar result holds

for the price-earnings ratio, where changes in the price-earnings ratio are mainly explained

by changes in future returns, rather than changes in future earnings growth.

There is a second approach to measure the importance of cash �ow growth expectations

versus return expectations. Rather than inferring the statistical expectations, we can directly

measure the expectations held by investors at each point in time. We use forecast surveys to

construct robust measures of dividend growth, earnings growth, and return expectations at

di�erent horizons. With these direct measures of subjective expectations, E∗[·], we revisit the
relative importance of cash �ow growth expectations and return expectations for explaining

price ratio movements. This way, we can re-evaluate if the current models of time-varying risk

premia and constant cash �ow growth expectations align with actual investor expectations or

if more focus should be placed on modeling agents with large time-varying cash �ow growth

expectations.

II. Data and Variable Construction

In this section, we explain the data sources for our main calculations and the construction

process to build expectations of aggregate dividend growth, earnings growth, and returns.

A. S&P 500 Index

From Compustat, we create a list of all companies in the S&P 500 at the end of each

quarter and record their price, dividends and earnings per share together with their number of

8Even models that incorporate time-varying cash �ow growth, such as Bansal and Yaron (2004), typically
focus on how cash �ow risk a�ects the risk premia demanded by investors by making cash �ows correlated
with investors' consumption.
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outstanding shares. We calculate a quarterly dividend measure for the index by aggregating

the total ordinary dividends paid by each company and adjusting them by the S&P 500

index divisor. Similarly, we calculate an aggregate earnings measure by summing over the

total earnings reported by each �rm and adjusting them by the same S&P 500 divisor. We

build the S&P 500 index divisor by taking the total market capitalization of the S&P 500

companies and dividing by the S&P 500 index at the end of each quarter.

B. Subjective Cash Flow Expectations

We construct cash �ow expectations for the S&P 500 using the Summary Statistics of

the Thomson Reuters I/B/E/S Estimates Database. I/B/E/S is a comprehensive forecast

database containing analyst estimates for more than 20 forecast measures - including DPS

(dividends per share) since 2003 and EPS (earnings per share) since 1976. The Summary

Statistics contains the median forecasts on di�erent horizons for U.S. publicly traded com-

panies.9 We build measures of aggregate dividend and earnings expectations using the con-

stituents of the S&P 500 at each point in time. This procedure is analogous to the process

in which the S&P 500 index is calculated and is explicitly derived in Appendix A.

It is important to note that Thomson Reuters gathers their forecasts from hundreds of

brokerage and independent analysts who track companies as part of their investment research

work. Each individual estimate is identi�ed by the name of the analyst or brokerage �rm.

Because the forecasts are not anonymous, analysts have a strong incentive to accurately

report their expectations.10 Previous literature has found evidence that accuracy in earnings

forecasts is important for tenure and compensation (Mikhail and Willis (1999); Cooper, Day,

and Lewis (2001)). Furthermore, research on the I/B/E/S Estimates Database suggests that

�nancial �rms' trades are consistent with their own analysts' forecasts and recommendations,

which adds to the evidence that reported forecasts genuinely re�ect the beliefs of the �rms.11

Two aspects of the data must be dealt with in order to calculate aggregate expectations.

9Using the mean forecasts does not change the results in any noticeable way.
10In Section III.A we con�rm that short-term cash �ow growth expectations are strongly correlated to

future short-term cash �ow growth, and in the Online Appendix we discuss the possibility that the analysts
responses re�ect risk-neutral expectations.

11Bradshaw (2004) shows that individual earnings forecasts are correlated to Buy/Sell recommendations,
while Chan, Chang, and Wang (2009) show that �nancial �rms' own stock holding changes are signi�cantly
positively related to recommendation changes.
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To calculate dividend growth expectations, we �rst note that the I/B/E/S database contains

DPS forecasts for up to �ve Annual Fiscal Periods (FY1-FY5), four Quarter Fiscal Periods

(Q1-Q4) and a Long-Term Growth measure. Because not all companies have the same �scal

year end, we interpolate across the di�erent horizons to obtain a precise expectation over the

next twelve months following the response of the analyst. For example, if the �scal year of

Firm A ends 9 months after the survey date, we may only have available a 9-month dividend

expectation and a 21-month dividend expectation for that �rm. We interpolate these two

measures in order to ensure that every expectation is exactly twelve months ahead. We use

an analogous procedure to construct two-year expectations. The second feature of the data

is that I/B/E/S estimates are not available for all S&P 500 companies. We calculate the

aggregate dividend expectation of those companies in the S&P 500 with available forecasts

and multiply it by the ratio of total S&P 500 market value to the market value of the

forecasted companies. The assumption behind this normalization is that the forecasted

companies are a representative sample of the S&P 500. We follow the same procedure to

calculate aggregate earnings expectations. We test the representativeness assumption for

both dividends and earnings in Table I and in Appendix A and �nd that it holds quite well.

The Appendix gives more detail on our methodology. I/B/E/S collects dividend forecasts

since 2003 and earnings forecasts since 1976. Thus, we are able to construct one-year and

two-year dividend expectations for the range 2003Q1 to 2015Q3. Since earnings forecasts for

longer horizons were only available after 1985, we construct one-year earnings expectations

for 1976Q1 to 2015Q3 and two-year earnings expectations for 1985Q1 to 2015Q3.

Since we cannot know the expected cash �ows for those companies that do not report

forecasts, we test our methodology using realized cash �ows. Table I shows tests of our

methodology applied to realized dividends. We construct aggregate realized dividends using

the same method applied to subjective expected dividends. The �rst three columns of Table

I give the correlation of our aggregate dividend measure with Robert Shiller's S&P 500

dividend and the dividend for SPY, a popular S&P 500 replicating ETF. The �rst dividend

measure is our aggregate dividend using all companies in the S&P 500. The high correlation

of this measure with Shiller and SPY dividends shows that our aggregation technique is

accurate. The second measure is identical to the �rst, except it only uses companies for

which we have a one-year subjective dividend expectation from the I/B/E/S data and is

scaled by the ratio of total S&P 500 market value to total forecasted companies market value.
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Table I.

Correlations of S&P 500 dividend measures
This table shows the correlations for four quarterly time series of realized dividends spanning 2003Q1 to 2015Q3. All Companies
contains the sum of all realized quarterly dividends paid out by all S&P 500 companies. I/B/E/S contains the sum of all realized
quarterly dividends paid out by those S&P 500 companies for which a one-year subjective dividend expectation exists in I/B/E/S.
Shiller contains the quarterly S&P 500 dividends obtained from Shiller (2015). SPY contains the quarterly dividends paid
out by the SPDR S&P 500 ETF. Under the Levels columns, we calculate the correlation of the four series. Under the Growth
columns, we calculate the log annual change of each of the four series and take the correlations.

Levels Growth

I/B/E/S Shiller SPY I/B/E/S Shiller SPY

All Companies 0.996 0.995 0.994 0.974 0.937 0.928

I/B/E/S 0.995 0.993 0.901 0.892

Shiller 0.997 0.963

The high correlation between the �rst two measures shows that the forecasted companies

are representative of the entire set of constituents.

The second set of columns in Table I show the correlation of dividend growth for each

of the four measures. As before, the high correlation between All Companies dividend

growth and I/B/E/S dividend growth shows that the companies in the I/B/E/S dataset are

a representative subset. The high correlation of these two measures with Shiller and SPY

dividend growth shows that our dividend aggregation procedure is accurate. Appendix A

shows the equivalent tests performed on the construction of earnings expectations, which

gives similar results.

Table II shows the key features of the subjective expectations. From the subjective

expectations of future dividends and earnings, we calculate the subjective expectations of

dividend growth and earnings growth. In Panels A and B, we see that subjective expectations

for annual dividend growth and earnings growth have high standard deviations, meaning

there is signi�cant time-variation in investors' cash �ow growth expectations. Importantly,

subjective dividend growth expectations and subjective earnings growth expectations also

have large comovements with the price-dividend ratio and price-earnings ratio. In fact, just

the movement in the one-year subjective dividend growth expectations accounts for 39% of
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Table II

Comovement of subjective expectations and price ratios
This table features survey data on annualized expectations of dividend growth, earnings growth, and returns for the S&P 500 and
their comovement with the price-dividend and price-earnings ratio of the S&P 500. Panel A and Panel B show dividend growth
and earnings growth survey expectations for the S&P 500 obtained from Thomson Reuters I/B/E/S estimates. Panel C shows
return expectations for the S&P 500 obtained from the Graham-Harvey survey of Duke University (G-H ), the Federal Reserve
Bank of Philadelphia's Livingston Survey (Livingston), the University of Michigan Survey of U.S. consumers (Michigan), and
the Survey of Professional Forecasters (SPF ). The survey responses indicate the expected average annual dividend growth,
earnings growth, and return expectations over the horizon speci�ed in the second column.

Panel A: Dividend Growth Expectations

Survey Horizon (years) Sample Std. Dev. Cov(·,pdt)
V ar(pdt)

Cov(·,pet)
V ar(pet)

I/B/E/S 1 2003-2015 8.1% 0.39
(0.03)

I/B/E/S 2 2003-2015 7.3% 0.33
(0.06)

Panel B: Earnings Growth Expectations

I/B/E/S 1 1976-2015 27.5% 0.42
(0.10)

I/B/E/S 2 1985-2015 15.4% 0.32
(0.07)

Panel C: Return Expectations

G-H 1 2003-2015 1.3% 0.05 0.00
(0.01) (0.01)

Livingston 1 1952-2016 5.2% 0.03 0.03
(0.02) (0.02)

Michigan 2-3 2000-2005 1.2% 0.07 −0.01
(0.02) (0.01)

G-H 10 2003-2015 0.8% 0.01 0.01
(0.01) (0.01)

SPF 10 1992-2016 1.1% 0.00 0.01
(0.01) (0.01)
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the variation in the price-dividend ratio, and the movement in one-year subjective earnings

growth expectations accounts for 42% of the variation in the price-earnings ratio. The two-

year annual dividend growth and earnings growth expectations also have large comovements

with price ratios, implying that subjective expectations of total dividend growth and earnings

growth over the next two years can explain the majority of price-dividend ratio and price-

earnings ratio variation.

C. Subjective Return Expectations

Our main measure of subjective return expectations is taken from a survey conducted

by John Graham and Campbell Harvey of Duke University's Fuqua School of Business. The

survey is completed quarterly by 200 to 500 chief �nancial o�cers (CFOs) of major U.S.

corporations. Among other things, the survey solicits CFO views about the U.S. economy.

In particular, they report their expectations of returns on the S&P 500 index over the next

twelve months and their expectations of the average annual returns over the next ten years.

The sample includes CFOs from both public and private companies representing a broad

range of industries, geographic areas and sizes. The data is available from the third quarter

of 2000 onwards. We choose the Graham-Harvey survey as our main source for return

expectations because it provides both short-term and long-term return forecasts and aligns

with our dividend forecast sample.

Table II Panel C shows the results for the Graham-Harvey survey as well as three addi-

tional surveys of return expectations for the S&P 500. The additional surveys have di�erent

sampling periods, methodologies and population targets, and provide external validation for

our main results. A detailed description of the additional surveys is available in the Online

Appendix. All �ve measures of subjective return expectations have low standard deviations

compared to the dividend growth and earnings growth expectations. Further, none of the

subjective return expectations have large comovements with the price-dividend ratio or the

price-earnings ratio. Even the relatively higher standard deviation of the Livingston survey

does not translate into a high comovement with the price ratios. This implies that these

subjective return expectations do not account for much of the variation in the price-dividend

or price-earnings ratios.

In Section IV, we will formally estimate the portions of price-dividend ratio variation
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and price-earnings ratio variation that are explained by subjective dividend growth, earnings

growth, and return expectations. This will include accounting for the powers of ρ coe�cients

in the decompositions and estimating long horizon expectations. However, Table II already

indicates that discount rate news is unlikely to account for much of the variation in the

price ratios, given that none of the subjective return expectations comove substantially with

the price-dividend ratio or price-earnings ratio. Instead, the cash �ow news is a much more

promising candidate for explaining price ratio variation. Cash �ow growth expectations have

high variation over time and large comovements with the price ratios. Further, these key

features of subjective cash �ow growth expectations and subjective return expectations are

consistent across di�erent samples and forecast horizons.

III. Short-Term Subjective Expectations

In this section, we take a �rst look at the time series and the main properties of the short-

term subjective expectations. For both dividends and earnings, one-year subjective cash

�ow growth expectations are volatile and signi�cantly correlated with future realized cash

�ow growth. In comparison, one-year subjective return expectations have relatively low

volatility and a weak negative correlation with future realized returns. Despite the signi�cant

correlation between subjective cash �ow growth expectations and future realized cash �ow

growth, subjective cash �ow growth expectations are not fully rational. Investors make

predictable forecast errors because their subjective cash �ow growth expectations comove

positively with price ratios while price ratios generally do not predict future cash �ow growth.

A. Characteristics of Subjective Expectations

We know from Section I that the large variation in the observed price ratios means

that there must be large time variation in either the cash �ow growth expectations or the

return expectations. Figure 1 shows that one-year dividend growth expectations, denoted

as E∗t [∆dt+1], have similar volatility to that of realized future one-year dividend growth and

track it quite well. Dividend growth expectations have a standard deviation of 8.1% and

are strongly correlated with realized future dividend growth (a correlation of 0.74).12 The

12At �rst sight, one may think that the high correlation between E∗
t [∆dt+1] and ∆dt+1 may be due to
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Figure 1. Expected and realized one-year dividend growth. The �gure compares the

one-year subjective dividend growth expectation and the realized future one-year dividend growth of the

S&P 500. The solid line is the one-year subjective dividend growth expectation based on survey data. The

dotted line is the realized future one-year dividend growth.

accuracy of the dividend growth expectations is one more piece of evidence that investors

are making an e�ort in reporting their true expectations through these dividend forecasts.

Figure 2 shows the one-year earnings growth expectations and the realized future one-

year earnings growth. Earnings growth expectations are also highly volatile with a standard

deviation of 28%. Although the large recovery after the recent �nancial crisis is the main

episode of volatility, earnings growth expectations are still volatile outside the recession.

Earnings growth expectations typically fail to predict the change in earnings during busts,

but they do tend to predict recoveries and track future earnings growth reasonably well

during normal times. During the recent �nancial crisis, earnings fell several quarters before

dividends fell, which may explain why investors did not foresee the drop in earnings growth

but did predict the subsequent drop in dividend growth. Despite their inability to predict

busts, the correlation of earnings growth expectations with realized future earnings growth

is signi�cant and relatively high at 0.33 for 1976 to 2002, 0.59 for 2003 to 2015, and 0.48 for

high persistence in the dividend growth process. However, the correlation between E∗
t [∆dt+1] and ∆dt,

though positive, is noticeably lower (0.29) than corr(E∗
t [∆dt+1] ,∆dt+1), suggesting there is an important

component of the prediction that is unexplained by current dividend growth.
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Figure 2. Expected and realized one-year earnings growth. The �gure compares the

one-year subjective earnings growth expectation and the realized future one-year earnings growth of the S&P

500. The solid line is the one-year subjective earnings growth expectation based on survey data. The dotted

line is the realized future one-year earnings growth.

the full sample 1976 to 2015.

The behavior of subjective one-year return expectations is shown in Figure 3. On the

left-hand side, we show the one-year subjective return expectations along with the one-year

subjective dividend growth expectations. Compared to subjective cash �ow growth expec-

tations, subjective return expectations E∗t [rt+1] look noticeably less volatile with a standard

deviation of just 1.3%. Moreover, subjective return expectations have no clear relationship

with future realized returns, with an insigni�cant correlation of −0.03. Greenwood and

Shleifer (2014) show that the correlation of return expectations with realized future returns

is, if anything, negative and that these expectations are more correlated with past returns.

We can conclude thus far that short-term cash �ow growth expectations are signi�cantly

more volatile than short-term return expectations. The volatility of dividend growth expec-

tations (8.1%) is 6 times larger than the volatility of return expectations (1.3%), and the

volatility of earning growth expectations is ∼ 17 times larger. In Section IV, we will see that

changes in return expectation will not be large enough to account for signi�cant movements

in the aggregate price ratios in the variance decomposition. The standard deviations of the
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Figure 3. Expected and realized one-year returns. The left �gure compares the one-year

subjective return and dividend growth expectations based on the survey data. The solid line is the one-year

subjective return expectation. The dashed line is the one-year subjective dividend growth expectation. The

right �gure compares the one-year subjective return expectation and the realized future one-year return on

the S&P 500. The solid line is the one-year subjective return expectation. The dotted line is realized future

one-year return.

price-dividend ratio (18%) and price-earnings ratio (35%) are simply too large.

B. Predictability of Forecast Errors

In Section I, we saw that high price ratios must be followed either by low returns or by

high cash �ow growth. The conventional wisdom from the literature is that high price ratios

predict lower future returns and do not predict future cash �ow growth. If investors have

full information rational expectations, their forecast errors for cash �ow growth and return

expectations should be uncorrelated with prices at time t, meaning their return expectations

should fall with price ratios and cash �ow growth expectations should be uncorrelated with

the price ratios. We measure the one-year forecast errors as the realized future values minus

the expected values.

Table III Panel A shows that dividend growth expectations are strongly positively corre-

lated with the price-dividend ratio (0.86). When the price-dividend ratio is high, dividend

growth expectations are high. However, we can see in the third column that prices are

also positively correlated with future realized dividend growth (0.70). This goes against the
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Table III

Correlation of cash �ow growth and price ratios
This table shows the correlation of price ratios with expected and realized one-year cash �ow growth. Panel A shows the
correlation of the price-dividend ratio with subjective expected one-year dividend growth E∗t [∆dt+1], realized future one-year
dividend growth ∆dt+1, and the forecast errors fedt+1 = ∆dt+1 − E∗t [∆dt+1]. Panel B shows the correlation of the price-
earnings ratio with expected one-year earnings growth E∗t [∆et+1], realized future one-year earnings growth ∆et+1, and the
forecast errors feet+1 = ∆et+1 − E∗t [∆et+1] for di�erent samples. Both panels use quarterly data. Small-sample adjusted
Newey-West standard errors in parenthesis.

Panel A: Dividend Growth

Sample Expected Realized Forecast Error

Corr (pdt, ·) 2003-2015 0.86 0.70 −0.03
(0.08) (0.23) (0.34)

Panel B: Earnings Growth

Corr (pet, ·) 2003-2015 0.93 0.61 0.07
(0.09) (0.11) (0.07)

Corr (pet, ·) 1976-2002 0.78 0.14 −0.52
(0.15) (0.11) (0.14)

Corr (pet, ·) 1976-2015 0.77 0.27 −0.30
(0.19) (0.18) (0.10)

conventional wisdom drawn from previous samples where the price-dividend ratio did not

predict dividend growth. The period of 2003 to 2015 was unusual in the sense that prices

did predict dividend growth. For this sample, dividend growth forecast errors turn out to

be uncorrelated with the price-dividend ratio. There are two possible explanations for the

apparent lack of predictability of dividend growth forecast errors. One possibility is that

dividend forecast errors are generally not predictable. Investors understand the relationship

between dividend growth and prices. They quickly learned the atypical nature of the period

of 2003 to 2015 and reported their expectations accordingly. The second possibility is that

dividend forecast errors are only unpredictable for this unusual sample. Investors' dividend

growth expectations are generally correlated with prices, despite the lack of a relationship

between the two variables in earlier samples. The period of 2003 to 2015 just happened to
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be a sample where the relationship did hold and errors appeared unpredictable.

The two explanations could be tested by looking at dividend growth expectations at

earlier dates, where prices are not correlated with realized dividend growth. Under the �rst

explanation, we should see that dividend growth expectations are not correlated with prices

due to the rationality of investors. Under the second explanation, we should see that even

for earlier dates, expectations are still positively correlated with prices. Unfortunately, there

is no data on dividend growth expectations at earlier dates. However, the evidence from

earnings growth expectations strongly supports the second story. Over 2003 to 2015, both

expected and realized earnings growth are highly correlated with the price-earnings ratio,

matching what we �nd for dividend growth. When we look at the 1976 to 2002 sample,

the correlation of realized earnings growth with the price-earnings ratio drops substantially,

while the correlation of expected earnings growth and the price-earnings ratio remains high.

Over this earlier sample, 1976 to 2002, we see that investors' forecast errors are signi�cantly

correlated with current prices. When prices are high, investors overpredict future earnings

growth. It is natural to think that for this earlier period of time, dividend growth expecta-

tions are also signi�cantly correlated with prices. The third row of Table III Panel B shows

that the signi�cance of their forecasts errors remains even when we extend the sample to 1976

to 2015. Looking at the second column of Table III, the correlation of subjective cash �ow

growth expectations with price ratios is strikingly similar across the di�erent samples and

the two measures of cash �ows, indicating that this high correlation is a consistent feature

of subjective expectations.

Return expectations are positively correlated with the price-dividend ratio (0.65) even

though the price-dividend ratio is weakly negatively correlated with future realized returns

(−0.20). This means that when prices are high, the return survey respondents consistently

overestimate one-year future returns and their forecast errors are negatively correlated with

the current price-dividend ratio (−0.25). This positive correlation of subjective return expec-

tations with the price-dividend ratio was also documented in Greenwood and Shleifer (2014).

In the next section we show that the comovement not only has the wrong sign for explaining

price ratio variation, but is also very small, especially when compared to the comovement of

cash �ow growth expectations with prices ratios. Even if the relationship between subjective

return expectations and price ratios was reversed so that expectations fell when price ratios

were high, it still would only account for a negligible amount of the price ratio variation.
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The content of this section already hints that high prices can largely be accounted for

by high expectations for future cash �ows. Cash �ow growth expectations are volatile and

signi�cantly correlated with prices. In comparison, return expectations are much less volatile

and positively correlate with prices, meaning that high prices cannot come from low discount

rates. In the next section we will con�rm this by quantifying the contribution of each type

of expectation for explaining price ratio movements.

IV. Decomposition of Price Ratio Volatility

In this section, we decompose the variance of the price-dividend and price-earnings ratios

into movements in subjective cash �ow growth and return expectations. First, we use one-

year subjective expectations to estimate the importance of short-term subjective cash �ow

growth and return expectations relative to the long-term component. Then, using longer

horizon subjective expectations, we estimate the importance of subjective cash �ow growth

expectations relative to subjective return expectations when all horizons are included. The

portion of price ratio movements that is explained by changes in subjective cash �ow growth

expectations is de�ned as cash �ow news, and the portion that is explained by changes in

subjective return expectations is de�ned as discount rate news.

A. One-year Decomposition

Applying expectations to equation (1), we see that changes in the price-dividend ratio

must be explained by changes in one-year dividend growth expectations, one-year return

expectations, or expectations of the future price-dividend ratio. This gives the following

one-year decomposition,

1 =
Cov (E∗t [∆dt+1] , pdt)

V ar (pdt)︸ ︷︷ ︸
CF1

+
−Cov (E∗t [rt+1] , pdt)

V ar (pdt)︸ ︷︷ ︸
DR1

+ ρ
Cov (E∗t [pdt+1] , pdt)

V ar (pdt)︸ ︷︷ ︸
LT

. (8)

Our measures CF1 and DR1 capture the in�uence of one-year subjective dividend growth

expectations (cash �ow news) and one-year subjective return expectations (discount rate

news). The in�uence of subjective dividend growth and return expectations looking more

than one year ahead is all captured in our measure of long-term in�uence LT . We can
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Table IV

Variance decomposition of price ratios using one-year estimates
This table shows the importance of one-year cash �ow news (CF1) and one-year discount rate news (DR1) in the price-dividend
ratio and price-earnings ratio variance decompositions. For the price-dividend ratio, CF1, DR1, and LT are the coe�cients
obtained by individual regressions of the one-year dividend growth expectations, the one-year returns expectations, and ρ
multiplied by the one-year price-dividend ratio expectations on the current price-dividend ratio. For the price-earnings ratio,
CF1, DR1, and LT are the coe�cients obtained by individual regressions of the one-year earnings growth expectations, the
one-year returns expectations, and ρ multiplied by the one-year price-earnings ratio expectations on the current price-earnings
ratio. All rows use quarterly data. Only the earnings growth expectations are available for the longer 1976Q1 to 2015Q3 sample,
so only CF1 is estimated in the third row. Small-sample adjusted Newey-West standard errors in parenthesis.

Sample CF1 DR1 LT

Price-dividend ratio 2003-2015 0.390 −0.049 0.659
(0.034) (0.013) (0.037)

Price-earnings ratio 2003-2015 0.937 −0.004 0.064
(0.095) (0.008) (0.105)

1976-2015 0.417
(0.105)

directly measure one-year subjective dividend growth and return expectations, while the

one-year subjective price-dividend ratio expectation (E∗t [pdt+1]) is inferred from the current

price-dividend ratio and one-year subjective dividend growth and return expectations.

A useful feature of this decomposition is that the one-year cash �ow news and one-year

discount rate news are estimated completely separately. There is no concern that subjec-

tive return expectations are a�ecting the estimate of cash �ow news or that the subjective

dividend growth expectations are a�ecting the estimate of discount rate news. This sepa-

ration of the two types of subjective expectations means that these estimates will still be

accurate even if the investors answering the return surveys and the investors answering the

dividend surveys disagree on their beliefs. If the two groups of investors have di�erent sub-

jective expectations, then LT can simply be interpreted as the portion of the price-dividend

ratio variation that is not explained by movements in the �rst group's subjective return

expectations or the second group's subjective dividend growth expectations.

In Table IV, we see that one-year cash �ow news is large and positive, with one-year sub-
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jective dividend growth expectations explaining 39% of the variation in the price-dividend

ratio. As discussed in Section III, investors tend to report higher subjective dividend growth

expectations during market booms. Because these expectations vary signi�cantly over time,

they account for a large portion of the volatility of the price-dividend ratio. One-year div-

idend growth can have a large e�ect on prices because it a�ects the levels of both short-

term and long-term dividends. Holding dividend growth �xed for all following years, a

10-percentage point drop in one-year dividend growth means that all future dividends fall

by 10%, which causes the price to fall by 10%.

Using equation (5), we can create a similar decomposition for the price-earnings ratio.

Changes in the price-earnings ratio must be explained by changes in one-year expected earn-

ings growth, one-year expected returns, or the expected future price-earnings ratio. Similar

to the decomposition for the price-dividend ratio, the one-year cash �ow news will repre-

sent the portion of the price-earnings ratio variance that is explained by one-year subjective

earnings growth expectations and one-year discount rate news will represent the portion ex-

plained by one-year subjective return expectations. All price-earnings ratio movements that

are explained by longer horizon earnings growth or return expectations will be captured by

the long-term component. The decomposition is

1 ≈ Cov (E∗t [∆et+1] , pet)

V ar (pet)︸ ︷︷ ︸
CF1

+
−Cov (E∗t [rt+1] , pet)

V ar (pet)︸ ︷︷ ︸
DR1

+ ρ
Cov (E∗t [pet+1] , pet)

V ar (pet)︸ ︷︷ ︸
LT

. (9)

For the 2003 to 2015 sample, we have subjective earnings growth, dividend growth, and

return expectations which allows us to compute all three components. We estimate the

cash �ow news using the subjective earnings growth expectations and estimate the discount

rate news from the subjective return expectations. As with the price-dividend ratio decom-

position, this means that cash �ow news and discount rate news are estimated completely

separately and are still valid even if the investors answering the two surveys have di�erent

beliefs. We infer the expected future price-dividend ratio from the current price-dividend ra-

tio, the one-year dividend growth expectations, and the one-year return expectations. Using

the expected future price-dividend ratio, the current price-earnings ratio, and the one-year

earnings and dividend growth expectations, we then infer the expected future price-earnings

ratio and calculate LT .

Table IV shows the results of this decomposition. The fact that CF1, DR1, and LT sum
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almost exactly to one (0.997) shows that our approximation is quite accurate and in Section

VI.A we estimate the exact decomposition including expectations of future payout ratios. We

continue to �nd large, positive cash �ow news and small, negative discount rate news. Over

the longer 1976 to 2015 sample, one-year subjective earnings growth expectations account

for 42% of price-earnings ratio movements, which is similar to the one-year cash �ow news

for the price-dividend ratio. Just like subjective dividend growth expectations and the price-

dividend ratio, subjective earnings growth expectations are high when the price-earnings

ratio is high. From Section III, we know that this positive correlation exists even when

realized future earnings growth is not correlated with the price-earnings ratio. This high

correlation, combined with the high volatility of subjective earnings growth expectations,

implies that subjective earnings growth expectations can explain a large portion of price-

earnings ratio movements.

In the 2003 to 2015 sample, one-year subjective earnings growth expectations account

for virtually all (94%) price-earnings ratio movements. From Table III, we know that the

correlation of earnings growth expectations with the price-earnings ratio is quite stable across

di�erent samples, so this high value for CF1 is primarily due to higher volatility of earnings

growth expectations in this period. Interestingly, the cash �ow news for the 2003 to 2015

sample implies that investors believed that changes in the price-earnings ratio would be

extremely short-lived over this period, as we can see from the low value of LT .

Over the 2003 to 2015 sample, discount rate news only explains −0.4% of the variation in

the price-earnings ratio. While we do not have a return survey that perfectly aligns with the

1976 to 2015 quarterly earnings growth expectations, we can look back to Table II and the

Livingston survey, which covers 1952 to 2015 and is reported twice a year. For this measure

of subjective one-year return expectations, the covariance of the price-earnings ratio with

subjective return expectations is 3% of the total variance of the price-earnings ratio. From

equation (9), this means that one-year discount rate news would be −0.03. If we only use

the Livingston survey for 1976 to 2015, the one-year discount rate news is −0.02. Thus, even

over long samples, one-year discount rate news remains small and negative.

In Section VI.B, we show that these results for the price-dividend ratio and price-earnings

ratio also hold for two-year cash �ow news and ten-year discount rate news. Speci�cally,

we show that two-year cash �ow news can explain the majority of price-dividend and price-

earnings ratio movements, while discount rate news, even out to the ten-year horizon, is
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small and negative. This can also be seen qualitatively in Table II. Across the di�erent

samples and forecast horizons, subjective dividend growth and earnings growth expectations

have large, positive comovement with the price-dividend and price-earnings ratios, while

subjective return expectations have small, positive comovement with both price ratios. This

produces large, positive cash �ow news and small, negative discount rate news.

B. Full Horizon Decomposition

This section calculates the full horizon cash �ow news and discount rate news for the

price-dividend and price-earnings ratios. To start, we focus on the price-dividend ratio. From

equation (3), we know that the full horizon cash �ow news is CF =
Cov(

∑∞
j=1 ρ

j−1E∗t [∆dt+j ],pdt)
V ar(pdt)

and the full horizon discount rate news is DR =
Cov(−

∑∞
j=1 ρ

j−1E∗t [rt+j ],pdt)
V ar(pdt)

. Since survey data

on expectations is not available for an in�nite horizon, we need to estimate the investors'

long horizon subjective dividend growth and return expectations. We use a simple decay

model of investor expectations given by

E∗t [∆dt+1+j]− µd = φjd (E∗t [∆dt+1]− µd) + εdt,j (10)

E∗t [rt+1+j]− µr = φjr (E∗t [rt+1]− µr) + εrt,j. (11)

Given her one-year expectations, her expectations for longer horizon dividend growth and

returns gradually decay back to their mean values µd, µr with persistences φd, φr. We choose

this form because of its simplicity and the fact that it holds for most standard asset pricing

models, due to the fact that stock fundamentals are typically written as AR(1) processes. We

estimate the persistence of dividend growth using the two-year subjective dividend growth

expectations obtained from I/B/E/S. For returns, we use the subjective expected returns for

the next 10 years, E∗t [rt+1,t+10], and the one-year subjective return expectations to calculate

subjective return expectations for years 2 through 10, E∗t [rt+2,t+10]. We then use this value

to estimate the persistence of returns.

With this simple speci�cation, we have a straightforward de�nition for full horizon cash

�ow news and discount rate news, CF = 1
1−ρφd

CF1 and DR = 1
1−ρφrDR1. Even if subjective

expectations do not follow a simple decay process, this de�nition of cash �ow news and

discount rate news will still be correct as long as
∑∞

j=1 ρ
j−1εdt,j and

∑∞
j=1 ρ

j−1εrt,j are not

correlated with the current price-dividend ratio. Using the two-year subjective dividend
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growth expectations and ten-year subjective return expectations, we do not �nd any evidence

that the error terms are correlated with pdt. Combining our de�nitions for CF and DR with

equation (3) gives three equations that determine φd and φr:

E∗t [∆dt+2]− µd = φd (E∗t [∆dt+1]− µd) + νdt (12)

E∗t
[
r∗t+2,t+10

]
− 9µr = φr

1− φ9
r

1− φr
(E∗t [rt+1]− µr) + νrt (13)

1 =
1

1− ρφd
CF1 +

1

1− ρφr
DR1. (14)

The bene�t of having both subjective dividend growth expectations and subjective return

expectations is that we have independent methods for measuring the size of cash �ow news

and discount rate news. There are three possible ways to estimate the decomposition. First,

we can estimate φd from the subjective dividend growth expectations, calculate CF and then

infer DR = 1 − CF . Second, we can estimate φr from the subjective return expectations,

calculate DR and infer CF = 1−DR. Third, we can jointly estimate φd, φr such that CF +

DR = 1 using maximum likelihood. Table V shows the results of these three estimations.

Both the dividend growth and return surveys provide strong evidence that price move-

ments are predominantly explained by investors' subjective dividend growth expectations.

Since the surveys are taken from di�erent groups of investors, it is remarkable that the di-

rectly observed CF and the inferred CF are so similar. In the �rst row of Table V, where the

e�ect of subjective dividend growth expectations is estimated directly, we see that subjective

dividend growth expectations explain the majority of price-dividend ratio movements, 93%.

While this coe�cient only has moderate statistical signi�cance, it �ts well with the one-year

cash �ow news of 0.39 estimated in Table IV and two-year cash �ow news of 0.65 estimated

in Table IX in Section VI.B, both of which have high statistical signi�cance. This estimation

relies only on subjective dividend growth expectations data and is completely separate from

the subjective return expectations data.

The second row shows the results when the contribution of subjective dividend growth

expectations is estimated indirectly using the subjective return expectations. The contribu-

tion of subjective return expectations is −9%. The negative contribution of subjective return

expectations means subjective dividend growth expectations must explain over 100% of the

price-dividend ratio volatility as it must drive the price-dividend ratio movements and make

up for the positive comovement of subjective return expectations and pdt. The DR measured
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Table V

Variance decomposition of price-dividend ratio into full horizon CF and DR
This table calculates the full horizon variance decomposition using di�erent subsets of data sources. In the �rst row, we use
exclusively the one-year and two-year subjective dividend growth expectations from I/B/E/S and estimate the persistence φd.
Then CF is estimated as CF1/ (1− ρφd) and DR is inferred as 1 − CF . In the second row, we use exclusively the one-year
and ten-year subjective return expectations from Graham-Harvey and estimate the persistence φr. Then, DR is estimated as
DR1/(1−ρφr) and CF is inferred as 1−DR. The third row uses both sources of data to perform a ML estimation constrained
by the identity 1 = CF + DR and jointly estimate the persistences φd, φr which determine CF and DR. CF1 and DR1 are
estimated by regressing one-year dividend growth expectations and one-year return expectations on the price-dividend ratio.
All rows use quarterly data running from 2003Q1 to 2015Q3. Standard errors in parenthesis. For the �rst and second rows,
standard errors for φd, φr are small-sample adjusted Newey-West. For all rows, standard errors for CF and DR are calculated
from the standard errors for CF1, DR1, φd and φr assuming independence of the errors.

Subjective Expectations Data φd φr CF DR

Dividend growth
0.59 0.93 0.07

(0.22) (0.48) (0.48)

Returns
0.48 1.09 −0.09

(0.39) (0.07) (0.07)

Dividend growth and returns
0.66 0.47 1.09 −0.09

(0.03) (0.21) (0.04) (0.04)

from the return surveys is not only negative, but also small in magnitude. Even if the sign

of DR was reversed to positive 9%, meaning that subjective return expectations were low

when the price-dividend ratio is high, we would still infer that dividend growth expectations

must be driving the vast majority of price-dividend ratio movements. There is simply not

enough volatility in the return expectations to explain the large observed movements in the

price-dividend ratio.

When the persistences of dividend growth and returns are estimated jointly, the result is

similar to the case where discount rate news is estimated directly. Because subjective return

expectations have low volatility and DR1 < 0, it is di�cult to noticeably change DR from a

small, negative value. Therefore, in the joint estimation it is far more likely that the direct

estimation of CF slightly understates the role of subjective dividend growth expectations

than that the indirect estimation of CF from the subjective returns data overstates the role

of subjective dividend growth expectations.

In all three cases, we estimate low persistences φd, φr for both dividend growth and
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return expectations. For the �rst two rows, we directly estimate that movements in one-year

expectations are only associated with modest changes in longer horizon expectations. In the

third row, we �nd that the observed movements in one-year expectations are large enough

to account for all price-dividend ratio variation with only small movements in longer horizon

expectations. Given that return expectations do not account for much of the price-dividend

ratio variation, this means that short-term dividend growth expectations can explain the

majority of price-dividend ratio movements.

One potential limitation of this simple decay functional form is that movements in long

horizon dividend growth expectations are pinned down by the comovement of one-year and

two-year dividend growth expectations. If agents believe that dividend growth is a combi-

nation of a volatile, quickly decaying component and a slow-moving, persistent component,

then the simple decay functional form will underestimate the movements in their long hori-

zon dividend growth expectations.13 While the �rst and third rows of Table V show that

large movements in long horizon expectations are not needed to account for the variation

in the price-dividend ratio, it is still possible that long horizon expectations could be more

volatile under a di�erent functional form for expectations.

For the price-earnings ratio, we use a similar methodology. First, we estimate the long

horizon subjective earnings growth expectations using the simple decay functional form,

E∗t [∆et+1+j]− µe = φje (E∗t [∆et+1]− µe) + εet,j. (15)

Just as we did for subjective dividend growth expectations, we estimate the persistence φe

of subjective earnings growth expectations using the one-year and two-year expectations

constructed from the I/B/E/S data. Analogous to the price-dividend ratio decomposi-

tion, the full horizon cash �ow news and discount rate news for the price-earnings ratio

are CF =
Cov(

∑∞
j=1 ρ

j−1E∗t [∆et+j ],pet)
V ar(pet)

and DR =
Cov(−

∑∞
j=1 ρ

j−1E∗t [rt+j ],pet)
V ar(pet)

. With this simple de-

cay functional form, the full horizon cash �ow news and discount rate news can be simpli�ed

to CF = 1
1−ρφeCF1 and DR = 1

1−ρφrDR1, where CF1 and DR1 are the one-year cash �ow

and discount rate news for the price-earnings ratio.

13For example, Giglio and Kelly (2017) �nd empirical evidence that risk-neutral expectations of cash �ow
growth in the equity market decay more slowly than a simple decay function would imply. In this case, our
estimates reported in Tables V and VI would be lower bounds on cash �ow news, strengthening our �nding
that cash �ow news is large. This will not change our result that short-term cash �ow growth expectations
explain the majority of price ratio movements, since we directly estimate short-term cash �ow news in Section
VI.B without assuming a functional form for expectations.



30

Using equation (7), we again have three equations that determine the two persistences,

φe, φr. The �rst equation is (13), which uses the short-term and long-term return expecta-

tions to pin down φr. The other two equations are analogous to (12) and (14), except they

involve earnings instead of dividends,

E∗t [∆et+2]− µe = φe (E∗t [∆et+1]− µe) + νet (16)

1 ≈ 1

1− ρφe
CF1 +

1

1− ρφr
DR1. (17)

Just like the price-dividend ratio decomposition, the decomposition for the price-earnings

ratio can be estimated in three ways. We can estimate φe using just the one-year and two-year

subjective earnings growth expectations, calculate CF and infer DR ≈ 1−CF . Conversely,
we can estimate φr from the subjective return expectations, calculate DR and infer CF ≈
1 − DR. Last, we use the subjective earnings growth and return expectations to jointly

estimate φe, φr with the restriction that the approximation holds exactly CF + DR = 1.

The estimates from these three di�erent methods are show in Table VI. In Section VI.A,

we show that estimating the exact decomposition including expectations of future payout

ratios, rather than the approximated decomposition, has almost no e�ect on our results. We

can also see in Table VI that our directly measured cash �ow news (CF = 0.99) and our

directly measured discount rate news (DR = −0.01) sum almost exactly to 1, which means

our approximation holds quite well.

Our results for the price-earnings ratio are strikingly similar to the results for the price-

dividend ratio. Both the earnings growth expectations and the return expectations indicate

that cash �ow news accounts for almost all movements in the price-earnings ratio. Using the

earnings growth surveys, we directly observe that earnings growth expectations explain 99%

of the movements in the price-earnings ratio. This is almost exactly the value that we get

from the return surveys. For the return surveys, we estimate that return expectations account

for −1% of price-earnings ratio movements, implying that earnings growth expectations must

account for 101%.

When both the earnings growth and return surveys are used, the result is similar to when

only the return surveys are used. Again, this is due to the fact that DR1 is quite small, which

means it takes large changes in φr to alter the full horizon discount rate news DR. Because

this is true for both the price-dividend and price-earnings ratios, changes in φr do not have a

large impact on φd in Table V or φe in Table VI, since φr only a�ects the other persistences
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Table VI

Variance decomposition of price-earnings ratio into full horizon CF and DR
This table calculates the full horizon variance decomposition using di�erent subsets of data sources. In the �rst row, we use
exclusively the one-year and two-year subjective earnings growth expectations from I/B/E/S and estimate the persistence φe.
Then CF is estimated as CF1/ (1− ρφe) and DR is inferred as 1 − CF . In the second row, we use exclusively the one-year
and ten-year subjective return expectations from Graham-Harvey and estimate the persistence φr. Then, DR is estimated as
DR1/(1−ρφr) and CF is inferred as 1−DR. The third row uses both sources of data to perform a ML estimation constrained
by the identity 1 = CF + DR and jointly estimate the persistences φe, φr which determine CF and DR. CF1 and DR1 are
estimated by regressing one-year earnings growth expectations and one-year return expectations on the price-earnings ratio.
All rows use quarterly data running from 2003Q1 to 2015Q3. Standard errors in parenthesis. For the �rst and second rows,
standard errors for φe, φr are small-sample adjusted Newey-West. For all rows, standard errors for CF and DR are calculated
from the standard errors for CF1, DR1, φe and φr assuming independence of the errors.

Subjective Expectations Data φe φr CF DR

Earnings growth 0.06 0.99 0.01
(0.01) (0.10) (0.10)

Returns 0.48 1.01 −0.01
(0.39) (0.02) (0.02)

Earnings growth and returns 0.07 0.47 1.01 −0.01
(0.10) (0.15) (0.01) (0.01)

through the CF+DR = 1 restriction. The result is that φr is mainly determined by equation

(13), which is shared by the price-dividend ratio and price-earnings ratio decompositions and

explains why the joint estimate for φr is similar in both decompositions. Since it only takes

a small change in φe to raise CF but takes a large change in φr to increase DR, it is much

more likely that the direct estimation of CF slightly underestimates cash �ow news than

that the indirect estimate of CF overstates cash �ow news.

Where the results di�er from the price-dividend ratio decomposition is in the persistence

of cash �ow growth expectations. Subjective earnings growth expectations show almost

no persistence, φe = 0.06, compared to the already low persistence of subjective dividend

growth expectations, φd = 0.59. This is consistent with the idea that changes in dividends

are smoothed compared to changes in earnings. Instead of immediately altering dividends to

match changes in earnings, investors may believe that companies will spread these changes

over several years. This would explain why two-year dividend growth expectations typi-

cally rise when one-year dividend growth expectations rise, but two-year earnings growth
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expectations do not substantially rise when one-year earnings growth expectations rise. The

two-year cash �ow news of 0.98 that we estimate in Section VI.B, �ts well with this low

persistence, given that one-year cash �ow news is 0.94.

This low persistence holds in longer samples. We have two-year earnings growth expec-

tations for 1985 to 2015. Over this sample, the estimated persistence of earnings growth

expectations is still only 0.06, with a standard deviation of 0.02. This low persistence is

still enough for subjective earnings growth expectations to account for the majority of price-

earnings ratio movements over the longer sample. For 1985 to 2015, we estimate that full

horizon cash �ow news accounts for 63% of the movements in the price-earnings ratio, with

a standard deviation of 15%.

V. Modeling Subjective Expectations

Summarizing the results of the previous sections, we �nd three key facts for subjective

expectations. First, subjective cash �ow growth expectations are time-varying and explain

the majority of price movements. Second, subjective return expectations are signi�cantly

less volatile and do not play a large role in explaining price movements. Third, subjective

cash �ow growth expectations have low persistence, which means that changes in short-

term cash �ow growth expectations account for most price movements. To see how these

�ndings compare to standard asset pricing models in the literature, we select four models and

calculate the full horizon cash �ow news CF , the full horizon discount rate news DR, and

the short horizon cash �ow news CF1, CF2. We then present the Earnings Growth Reversal

model of subjective expectations to match the expectations series and these �ndings.

A. Existing Asset Pricing Models

To understand how our �ndings relate to existing asset pricing models, we select four leading

models from various branches of the asset pricing literature. We consider the Campbell and

Cochrane (1999) external habit formation model, the Bansal, Kiku, and Yaron (2012) long-

run risk model, the Collin-Dufresne, Johannes, and Lochstoer (2016) learning model and

the Barberis et al. (2015) return extrapolation model. All these consumption-based asset

pricing models have theoretical predictions about the facts documented in this paper. Table
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VII Panel A shows the decomposition of price ratio movements into movements in return

expectations and cash �ow growth expectations at di�erent horizons using the headline

calibrations of each model. Additional detail is provided in the Online Appendix.

The �rst model we examine is the habit formation model from Campbell and Cochrane

(1999). In this model, agents believe that dividend growth is i.i.d., so there is no variation

in dividend growth expectations over time. As a result, cash �ow news at all horizons are

exactly 0 and all variation in the price-dividend ratio is due to changes in expected returns.

Next we examine the long-run risk model from Bansal, Kiku, and Yaron (2012), where

cash �ow growth has a long-run component and time-varying volatility. Because of this

component, cash �ow growth expectations do vary over time and explain some of the price-

dividend ratio variation. However, due to recursive preferences, discount rate expectations

also depend heavily on the long-run component and the time-varying volatility, and account

for 62% of the price-dividend ratio variation. As a result, cash �ow growth expectations play

a secondary role, explaining 38% of price-dividend ratio variation. One-year and two-year

cash �ow growth expectations explain only 11% and 19% of the variation respectively.

The third model is the learning model of Collin-Dufresne, Johannes, and Lochstoer

(2016). Here, the agent knows that cash �ow growth is i.i.d. but is uncertain about its

mean value µ. After observing realized cash �ow growth, the agent updates her expected

value of µ and her uncertainty about µ. Similar to the long-run risk model, changes in the

expected value of µ alter her cash �ow growth expectations and discount rates, and changes

in uncertainty about µ alter her discount rates. Uncertainty about µ varies substantially

over time, and as a result, changes in discount rates explain 93% of the variation in the

price-dividend ratio. In comparison, changes in cash �ow growth expectations only explain

7%. We also calculate their more quantitative case where the agent knows µ but is uncertain

whether there is a long-run component to cash �ow growth. This gives a similar CF of 0.1.

Finally, we evaluate the return extrapolation model of Barberis et al. (2015). This model

was designed to better match features of subjective return expectations taken from survey

data, in particular the positive correlation of price ratios and return expectations. In the

model, high previous price changes raise agents' dividend growth expectations and return

expectations by almost equal amounts. The model does succeed in matching the volatility of

the survey one-year return expectations, with a standard deviation of 1.3%, but understates

the standard deviation of our survey one-year dividend growth expectations by a factor
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of 6. Because model dividend growth expectations are only slightly more volatile than

model return expectations, discount rate news has almost the same magnitude as cash �ow

news.14 Following equation (2), changes in return expectations almost completely negate the

changes in dividend growth expectations. Thus, the price-dividend ratio moves relatively

little, meaning both CF and DR are extremely large.

We now consider the possibility of altering these models to incorporate more volatile

cash �ow growth expectations. In order to match the survey data, the volatility of cash �ow

growth expectations would need to be similar to the volatility of the price-dividend ratio and

these expectations would need to account for virtually all price-dividend ratio movements.

We can rearrange equation (2) and take variances to get the following relationship

V ar

(
∞∑
j=1

ρj−1E∗t [rt+j]

)
= V ar (pdt) + V ar

(
∞∑
j=1

ρj−1E∗t [∆dt+j]

)

− 2 · Cov

(
∞∑
j=1

ρj−1E∗t [∆dt+j] , pdt

)
. (18)

Dividing by V ar (pdt) and using the de�nition of CF gives

V ar
(∑∞

j=1 ρ
j−1E∗t [rt+j]

)
V ar (pdt)

= 1 +
V ar

(∑∞
j=1 ρ

j−1E∗t [∆dt+j]
)

V ar (pdt)
− 2CF. (19)

Thus, altering a model to push V ar
(∑∞

j=1 ρ
j−1E∗t [∆dt+j]

)
towards V ar (pdt) and CF to-

wards 1 implies that we also need to push V ar
(∑∞

j=1 ρ
j−1E∗t [rt+j]

)
/V ar (pdt) towards 0.

In other words, we cannot alter these models to match our �ndings on cash �ow growth

expectations without also altering the models so that there is little variation in return ex-

pectations.15 This is true not just for these four models, but for any model where agents'

expectations satisfy the no-bubble condition, limj→∞ ρ
j−1E∗t [pdt+j] = 0. It is important to

reiterate that these models were designed to match a di�erent set of facts than those pre-

sented here. In particular, they were focused on how asset price behavior can be explained

14The additive nature of the model implies that the natural quantities to study are the price-dividend
di�erence P − D

r and expected dividend changes E∗
t [Dt+1 −Dt], instead of pdt and E∗

t [∆dt+1]. As sug-
gested by one of the authors, we calculate the additive decomposition. Expectations of dividend changes
and expectations of price changes exactly o�set each other, explaining 174% and -174% of price-dividend
di�erence variation. Expectations of the long-term price-dividend di�erence explain 100% of the variation.

15See Jin and Sui (2019) for an example with a return extrapolation model.
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by the e�ect of preferences, consumption risk, learning or extrapolation on marginal utility

and expected returns. The identity in equation (19) shows that models intended to gener-

ate large time-variation in expected returns, such as the four models above, cannot match

the survey data on cash �ow growth expectations without substantially dampening the key

features that make these models di�erent from simple models of constant discount rates.

B. Model of Subjective Cash Flow Expectations

Given the di�culty for standard asset pricing models to replicate our results, we construct

a simple model of subjective cash �ow expectations and asset prices that is able to closely

match the survey expectations series and our decompositions. In this model, agents believe

that shocks to current earnings will be partly transitory and that changes in dividends will

be more gradual than changes in earnings. Because changes in earnings are believed to be

partly transitory, agents expect that changes in earnings growth will be partially reversed

by future earnings growth. This matches the signi�cant negative correlation (−0.64) in the

survey data between current earnings growth and one-year earnings growth expectations.

B.1. Earnings Growth Reversal Model

Speci�cally, agents believe that earnings and dividends evolve according to

et = xt−1 + εet (20)

xt = µ+ xt−1 + (1− θ) εet (21)

dt = (1− w) et + wdt−1 + εdt (22)

where all variables are in logs. Earnings are the sum of a permanent component xt−1 and a

shock εet . Portion 1 − θ of the shock is permanent, as it shows up in xt, while portion θ is

transitory. Agents believe dividends will be a weighted sum of current earnings and previous

dividends, plus a shock εdt . The shocks are believed to be mutually independent and i.i.d.

This structure is meant to capture several of the key features we �nd in the survey

forecasts data. First, investors believe that shocks to earnings will be largely transitory.

Even during the �nancial crisis, investors believed that the massive drop in earnings would

be mostly o�set by higher next year earnings growth. Second, survey earnings growth

expectations have virtually no persistence, which we show is consistent with believing that
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Table VII

Variance decomposition in di�erent asset pricing models
This table calculates the implied full-horizon cash �ow news (CF ) and full-horizon discount rate news (DR), as well as one-year
and two-year cash �ow news (CF1, CF2), in the variance decomposition of di�erent asset pricing models. Panel A shows the
decomposition of the price-dividend ratios derived in Campbell and Cochrane (1999) (habit formation), in Bansal, Kiku, and
Yaron (2012) (long-run risk), in Collin-Dufresne, Johannes, and Lochstoer (2016) (learning), in Barberis et al. (2015) (return
extrapolation), in Section V.B of this paper (earnings growth reversal) and the empirical decomposition measured in the 2003
to 2015 sample. Panel B shows the decomposition of the price-earnings ratio derived in the Earnings Growth Reversal model
in Section V.B and the empirical counterpart measured in the 2003 to 2015 sample. All models are solved and estimated
using the original author calibrations and simulated over the sample lengths proposed in each paper. The coe�cients for the
�rst four models are estimated by directly solving for the relationship between the price-dividend ratio and cash �ow growth
expectations (CF1, CF2, CF ) and then inferring discount rate news (DR) as 1− CF . The coe�cients of the Earnings Growth
Reversal model for the price-dividend ratio decomposition are obtained with the closed form solution derived in Section V.B.2.
The coe�cients for the EGR model for the price-earnings ratio decomposition are estimated using the model price ratios and
subjective expectations series for 2003 to 2015 calculated in Section V.B.3. Standard errors are n/a when decomposition terms
are functions of �xed parameters.

Panel A: Price-dividend Ratio

CF DR CF1 CF2

Data 2003-2015 1.09 −0.09 0.39 0.65
(0.04) (0.04) (0.04) (0.12)

Habit formation 0.00 1.00 0.00 0.00
n/a n/a n/a n/a

Long-run risk 0.38 0.62 0.11 0.19
(0.19) (0.19) (0.06) (0.09)

Learning 0.07 0.93 0.00 0.00
(0.16) (0.16) (0.01) (0.01)

Return extrapolation 19.98 −18.98 0.83 1.62
(5.86) (5.86) (0.25) (0.49)

Earnings growth reversal 1.09 −0.09 0.39 0.64
n/a n/a n/a n/a

Panel B: Price-earnings Ratio

Data 2003-2015 1.01 −0.01 0.94 0.98
(0.01) (0.01) (0.10) (0.10)

Earnings growth reversal 0.95 0.05 0.95 0.95
(0.01) (0.01) (0.01) (0.01)
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shocks are partly permanent and partly transitory. Third, investors believe that changes in

dividends will be smoother than changes in earnings. While investors report large short-lived

expected changes in earnings, they report smaller but more persistent expected changes in

dividends, implying that they believe companies will spread the change in earnings over

multiple periods rather than immediately adjusting dividends. The parameters θ and w

control how much shocks to earnings will be reversed in the future and how quickly they

expect dividends will be adjusted when earnings change.

Importantly, we do not make any assumptions about the objective distribution for earn-

ings and dividends. Each period, the agents observe earnings and dividends and infer the

values of εet , ε
d
t , xt using equations (20)-(22). Since this paper is focused on comovements, we

demean all variables for the sake of simplicity. Using equation (21), the subjective expecta-

tions in the model for earnings growth evolve according to

E∗t [∆et+1] = xt − et
= θ

(
E∗t−1 [∆et]−∆et

)
. (23)

Unexpected earnings growth at time t is expected to be partially reversed by earnings growth

in t+ 1 and the magnitude of this reversal is controlled by how much the shock is expected

to be transitory θ.16 Model subjective expectations for earnings growth beyond one year are

constant. Intuitively, agents expect their future forecast errors to be 0. Formally, for j > 1

E∗t [∆et+j] = E∗t [xt+j−1 − xt+j−2] = 0. (24)

Finally, from equation (22), the model subjective dividend growth expectations are

E∗t [∆dt+j] = wj−1 (1− w) (E∗t [∆et+1]− det) (25)

where det is the payout ratio. Since agents believe that changes to dividends will be

smoothed, only 1 − w portion of the one-year earnings growth expectations shows up in

one-year dividend growth expectations. The one-year expected earnings growth is then ad-

justed by the current payout ratio det so that the change is relative to current dividends

instead of current earnings. Dividend growth expectations then gradually decay back to 0

with persistence w, ensuring that changes in earnings growth are eventually fully incorpo-

rated into dividend growth but in a smoothed manner. From equation (22), agents believe

16For θ < 0, agents' expectations would appear extrapolative, where unexpectedly high earnings growth
raises subjective expectations of future earnings growth.
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that the payout ratio evolves according to

det = wdet−1 − w∆et + εdt . (26)

In order to calculate the discount rates of the agents, we assume they have power utility

with risk aversion γ and discount factor δ and believe that consumption growth follows

∆ct+1 = η∆dt+1 + εct+1. (27)

The price-dividend ratio is determined by the agents' �rst order condition for holding the

stock market, namely E∗t
[
δ exp

(
−γ
[
η∆dt+1 + εct+1

]
+ rt+1

)]
= 1.17 Using the log-linearized

return approximation (1), this gives the demeaned price-dividend ratio as

pdt =
1− χ

1− ρw
E∗t [∆dt+1] (28)

where χ = γη. All terms related to the variance of the shocks are captured in the mean

value of the price-dividend ratio, and thus do not appear in the demeaned equation (28).

Similarly, her return expectations are

E∗t [rt+j] = χE∗t [∆dt+j] . (29)

For positive values of χ, the agent's discount rates will rise with her dividend growth expec-

tations because she expects higher future consumption.18 The price-earnings ratio reduces

to a weighted sum of the one-year earnings growth expectations and the payout ratio

pet =
1− w
1− ρw

(1− χ)E∗t [∆et+1] +

[
1− 1− w

1− ρw
(1− χ)

]
det. (30)

We use a small value for χ and ρ is close to 1, so the price-earnings ratio will primarily

depend on earnings growth expectations and the payout ratio will play a secondary role.

B.2. Distribution-independent Results

We can calculate the variance decomposition for the price-dividend ratio without making

any assumptions about the objective distribution for earnings and dividends. From equation

(28), the price-dividend ratio is a linear function of one-year subjective dividend growth

17In this framework, the variation in return expectations comes from variation in the risk-free rate rather
than expected excess returns. This is consistent with our survey data. For our estimated DR1 = −0.05, less
than 0.001 comes from comovement of expected excess returns with the price-dividend ratio.

18Note that high earnings growth raises dividend growth expectations and by extension return expectations
when χ > 0. All else equal, raising et lowers E

∗
t [∆et+1] by θ but raises −det by 1 in equation (25).
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expectations. Therefore the covariance Cov (E∗t [∆dt+1] , pdt) is simply
1−ρw
1−χ V ar (pdt). Using

equation (25), the full horizon cash �ow news is

CF =
Cov

(∑∞
j=1 ρ

j−1E∗t [∆dt+j] , pdt

)
V ar (pdt)

=
1

1− χ
. (31)

Similarly, equation (29) pins down full horizon discount rate news as

DR =
Cov

(
−
∑∞

j=1 ρ
j−1E∗t [rt+j] , pdt

)
V ar (pdt)

= − χ

1− χ
. (32)

One-year and two-year cash �ow news can also be easily calculated as

CFk =
Cov

(∑k
j=1 ρ

j−1E∗t [∆dt+j] , pdt

)
V ar (pdt)

=
1− (ρw)k

1− χ
. (33)

Thus, to calculate the decomposition in this model, we only need to know χ and w.

Using equation (29), χ determines the comovement of model subjective dividend growth

expectations and return expectations. Speci�cally, χ equals
Cov(E∗t [rt+1],E∗t [∆dt+1])

V ar(E∗t [∆dt+1])
. Using the

survey data on one-year return expectations and one-year dividend growth expectations, we

calculate χ = 0.08. The low value of χ implies that the agent either has low risk aversion

or believes that consumption growth is only weakly related to dividend growth. This means

that the agent's discount factor for the stock market will not �uctuate much over time,

which matches the low volatility of return expectations that we �nd in the survey data.

From equation (25), w is simply the persistence of dividend growth expectations, which we

estimated earlier to be 0.66 in Table V.

Table VII shows that this model accurately captures the key results from our decompo-

sition using the survey data. The full horizon cash �ow news of 1.09 and the full horizon

discount rate news of −0.09 are virtually identical to the values measured from the survey

data. Similarly, the one-year and two-year cash �ow news of 0.39 and 0.64, respectively,

almost perfectly match the measured one-year and two-year cash �ow news in the survey

data of 0.39 and 0.65, respectively, despite the fact that none of these decomposition values

were targeted. In addition, the model generates one-year discount rate news of −0.03 which

is quite close to the −0.05 value from Table IV.

As a simple example, suppose the objective distribution is that earnings growth and
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dividend growth are both i.i.d.19 While this would have no impact on the decomposition

using subjective expectations, an econometrician measuring cash �ow news using realized

cash �ow growth and returns would calculate that cash �ow news is exactly 0 and that

discount rate news is 1.

B.3. Results for 1985 to 2015

Equation (30) shows that the model price-earnings ratio depends on model subjective ex-

pectations of earnings growth and the realized payout ratio, unlike the model price-dividend

ratio which only depends on model subjective expectations of dividend growth. In order to

calculate the variance decomposition for the model price-earnings ratio, we take the real-

ized earnings growth and payout ratio from the data and then calculate the model subjective

earnings growth expectations and model price-earnings ratio using equations (23) and (30).20

Since the model is motivated by low persistence in earnings growth expectations, we focus

on the 1985 to 2015 sample where we are able to measure the persistence of survey earnings

growth expectations.

Using these model subjective expectations and model price ratios, we also show that

this relatively simple model is able to replicate the main �ndings of the previous sections

on top of matching the variance decompositions. First, the time-series for model subjective

earnings growth and dividend growth expectations match the volatility and movements in

the survey cash �ow growth expectations. Second, the model persistences of expectations

are low and the volatility of the price ratios, changes in the price ratios, and returns are

quite high, in line with what we �nd in the data. Third, the model generates predictable

forecast errors for cash �ow growth expectations in the pre-2003 sample but not in the 2003

to 2015 sample, matching what we �nd in Section III.B and o�ering a potential explanation

for why this occurs. Interestingly, the model also generates two of the �ndings of the return

extrapolation literature, namely that return expectations are more correlated with current

returns than future returns (Greenwood and Shleifer (2014)) and that the ability of the

price-dividend ratio to predict next-year returns is stronger when return expectations are

19This occurs if earnings and dividends follow equations (20)-(22), but with an objective θ, w of 0, 1
respectively.

20Alternatively, one could choose an objective distribution for earnings growth and the payout ratio and
then calculate the variance decomposition. For any objective distribution that matches the dynamics of
earnings growth and the payout ratio over 1985-2015, the results will be identical.
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more related to recent returns than earlier returns (Cassella and Gulen (2018)).

To start, we set the initial demeaned expectation E∗t−1 [∆et] to 0 for 1985 and measure the

value of E∗t [∆et+1] using the realized earnings growth and equation (23). Using the realized

payout ratio det, we then calculate the model price-earnings ratio from (30). Importantly,

no information from the realized data other than ∆et, det is used to calculate the model

variables. To choose a value for θ, we note that expanding equation (23) shows that model

earnings growth expectations are a decaying sum of current and past earnings growth. We

estimate θ = 0.6 from the relative weight that survey earnings growth expectations place on

current and prior year earnings growth.

Table VII shows the results for the variance decomposition of the model price-earnings

ratio. We estimate the variance decomposition over the 2003 to 2015 sample to match the

sample for the survey estimation, but the results are virtually identical if we estimate the

decomposition over the 1985 to 2015 sample. Because model subjective earnings growth

expectations are constant for all horizons beyond one year, the one-year, two-year and full

horizon cash �ow news are all equal at 0.95. While the model values for CF2 and CF

are slightly lower than the values from the data, the model accurately captures the fact

that virtually all movements in the price-earnings ratio are explained by earnings growth

expectations and that cash �ow news is more heavily concentrated at short horizons for the

price-earnings ratio than for the price-dividend ratio. In the survey data, the full horizon

discount rate news DR = −0.01 (0.01) is not signi�cantly positive or negative, but we can

con�dently say that it is small in magnitude. This is matched by the model where full

horizon discount rate news accounts for only 5% of the price-earnings ratio variation.

The model is also able to match the large �uctuations in survey cash �ow growth expec-

tations, despite the fact that w and θ do not target these volatilities. Figure 4 shows the

one-year cash �ow growth expectations from the survey data and the model subjective cash

�ow growth expectations constructed from ∆et, det. The model expectations for one-year

earnings growth match the survey expectations well, capturing virtually all the movements

in the survey earnings growth expectations over this 30-year period including the massive

spikes in expected earnings growth during the dot-com bust and the �nancial crisis. Earnings

growth expectations spiked during those periods because there were large negative shocks to

earnings growth and investors believed these would be primarily reversed by next year earn-

ings growth. Similarly, while the model dividend growth expectations miss the slight decline
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Figure 4. Survey and model cash �ow growth expectations. The left �gure compares

the survey and model one-year subjective earnings growth expectations for 1985 to 2015. The right �gure

compares the survey and model one-year subjective dividend growth expectations for 2003 to 2015. The solid

line is the expectations measured from I/B/E/S survey data. The dashed line is the model expectations.

in dividend growth expectations in the early 2000's, they accurately replicate the timing and

magnitude of the drop and quick recovery in survey expectations during the �nancial crisis

and the leveling o� of dividend growth expectations from 2010 to 2015.

Beyond the decompositions and the time-series for cash �ow growth expectations, the

model is able to match the dynamics of subjective expectations and price ratios measured

in the data, as shown in Table VIII. For variables related to earnings growth and the

price-earnings ratio, we use the full 1985 to 2015 sample. For variables related to dividend

growth and the price-dividend ratio, we use the 2003 to 2015 sample where we have data

on subjective dividend expectations. Panel A shows that the persistences of the model cash

�ow growth and return expectations align with the values measured in the survey data.

These persistences measure how much the two-year expectations increase when one-year

expectations increase by 1. We will use the term autocorrelation to refer to the actual

relationship between realized values in t+ 1 and t+ 2.

The persistence of model earnings growth expectations φe is 0 since agents believe current

shocks will only a�ect one-year earnings growth. This is very close to the empirical estimate

of 0.06. In contrast, agents expect changes in dividend growth to be persistent, because the

shocks to earnings are expected to be spread out over multiple years. In other words, the



43

model is able to generate an accurate persistence in dividend growth expectations without

generating persistence in earnings growth expectations. The model persistence of dividend

growth expectations φd is exactly the weight w = 0.66 which determines how quickly divi-

dends are expected to react to changes in earnings. Lastly, the model persistence of return

expectations is also w, since return expectations only depend on the agent's dividend growth

expectations. While higher than the estimated value of φr = 0.47, this low persistence of w

still captures the fact that movements in returns are not expected to be persistent.

The fourth and �fth rows of Panel A show the autocorrelations for both price ratios. The

model autocorrelations for the price-dividend and price-earnings ratios are 0.23 and 0.17

respectively. Though the di�erences are not statically signi�cant, the autocorrelation of the

price ratios in the data is slightly higher at 0.44 and 0.43 respectively. As discussed in Section

IV.B, assuming that agents believe cash �ow growth decays geometrically back to a constant

mean may underestimate the movements in long horizon subjective expectations.21 If agents

believed that cash �ow growth depends on a slow-moving component as well as a short-lived

but volatile component, then the model could potentially match the low autocorrelation for

both price ratios over our samples, as well as the high autocorrelations over 0.8 documented

for longer samples. For example, if mean earnings growth slowly changes over time then the

price ratios will have low autocorrelations over short samples due to volatile short horizon

cash �ow growth expectations, and high autocorrelations over long samples, driven by small

but persistent movements in long horizon expectations.

In Panel B, we see that the model matches the volatility of the price ratios, price ratio

changes, and realized returns. For both the price-dividend ratio and price-earnings ratio, the

substantial time-variation in model cash �ow growth expectations generates large price ratio

variation. Since the price ratios have low autocorrelations, these movements are relatively

short-lived, implying that one-year changes in the price ratios ∆pdt,∆pet and realized one-

year returns rt also have high volatilities both in the model and in the data.

Lastly, the model also explains why we �nd predictable forecast errors for the early parts

of the sample, but not in the more recent years. Panel C shows the correlation of earnings

growth expectations, realized earnings growth, and forecast errors with the price-earnings

ratio in the data and in the model for 1985 to 2002 and 2003 to 2015. In both samples, model

earnings growth expectations are almost perfectly correlated with the model price-earnings

21Equations (24)-(25) show that model subjective expectations follow our simple decay functional form.
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Table VIII

Dynamics of Expectations and Price Ratios
This table compares moments in the data and the model. Panel A shows the persistence of subjective expectations across
the forecast horizon as well as the annual autocorrelation of the price-dividend and price-earnings ratios. The expressions
AC (·) and σ (·) refer to the annual autocorrelation and the standard deviation. Panel B shows the standard deviations for the
price ratios, annual change in the price ratios, and realized returns. Panel C shows the correlation of the price-earnings ratio
with subjective one-year earnings growth expectations, realized one-year earnings growth, and the forecast error. All rows use
quarterly data. Small-sample adjusted Newey-West standard errors in parenthesis. Standard errors are n/a when variables are
functions of �xed parameters.

Panel A: Persistence and Autocorrelation

Data Model

Sample Estimate SE Estimate SE

φd 2003-2015 0.66 (0.03) 0.66 n/a
φr 2003-2015 0.47 (0.21) 0.66 n/a
φe 1985-2015 0.06 (0.02) 0.00 n/a

AC (pdt) 2003-2015 0.44 (0.18) 0.23 (0.07)
AC (pet) 1985-2015 0.43 (0.17) 0.17 (0.16)

Panel B: Volatility

σ (pdt) 2003-2015 0.18 (0.02) 0.14 (0.03)
σ (∆pdt) 2003-2015 0.19 (0.03) 0.18 (0.03)
σ (pet) 1985-2015 0.38 (0.03) 0.26 (0.03)
σ (∆pet) 1985-2015 0.40 (0.05) 0.34 (0.05)
σ (rt) 1985-2015 0.16 (0.01) 0.15 (0.02)

Panel C: Forecast Error Predictability

Corr (pet, E
∗
t [∆et+1])

1985-2002 0.74 (0.18) 1.00 (0.02)
2003-2015 0.93 (0.09) 1.00 (0.01)

Corr (pet,∆et+1)
1985-2002 0.22 (0.12) 0.29 (0.15)
2003-2015 0.61 (0.11) 0.50 (0.13)

Corr (pet, fet+1)
1985-2002 −0.37 (0.12) −0.31 (0.13)
2003-2015 0.07 (0.07) −0.03 (0.14)
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ratio, matching the high correlations we �nd in the data. In the model, agents price the

stock market based primarily on their belief that shocks to earnings growth will be reversed

by future earnings growth. As a result, the correlation of the model price-earnings ratio with

realized future earnings growth depends on the accuracy of this belief.

In the 1985 to 2002 sample, this belief was largely incorrect, as movements in earnings

growth were only partly reversed. This results in a low insigni�cant correlation between

the model price-earnings ratio and future realized earnings growth of 0.29 and a signi�cant

negative correlation between agents' forecast errors and the price-earnings ratio of −0.31.

This matches the data quite well, where the correlations are an insigni�cant 0.22 and a

signi�cant −0.37. In the 2003 to 2015 sample, however, this belief was more accurate, as

movements in earnings growth were largely reversed, particularly during the �nancial crisis.

This means that the model price-earnings ratio is more highly correlated with future earnings

growth over this sample and agents' forecast errors are not signi�cantly correlated with the

model price-earnings ratio. The model correlations of a 0.50 (0.13) and a −0.03 (0.14) are

once again quite close to the values from the data, 0.61 (0.11) and 0.07 (0.07) respectively.

To summarize, in both samples agents believe that shocks to earnings growth will be

largely reversed the next year. In samples where this does not turn out to be true, the

price-earnings ratio will mostly predict agents' forecast errors. In samples where this does

turn out to be true, the price-earnings ratio will mainly predict future earnings growth.

Combining these results, we �nd that this model is able to replicate the large movements

in cash �ow growth expectations of Section III.A, the forecast error predictability results of

Section III.B, the short horizon cash �ow news and discount rate news of Section IV.A, and

the persistences and full horizon decompositions of Section IV.B. Interestingly, in addition

to matching the �ndings of this paper, this model is also able to match two of the �ndings

on return expectations from the return extrapolation literature. A core �nding from this

literature is that survey expectations of returns are more correlated with current and past

returns than future returns, as shown by Greenwood and Shleifer (2014). We know from

equations (28) and (29) that model return expectations are simply χ1−ρw
1−χ > 0 multiplied by

the price-dividend ratio.22 Since the price-dividend ratio is stationary, a high value for the

22Further, the positive relationship between the price-dividend ratio and return expectations is not solely
from the dividend component of returns. Model capital gains expectations are also positively related to the
the model price-dividend ratio.
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price-dividend ratio means recent returns must be high since returns are primarily related

to changes in the price-dividend ratio. As a result, return expectations will be high when

recent returns are high. Using the 1985-2015 sample, we �nd that the correlation between

model return expectations and model current realized returns is 0.57 (0.11). In comparison,

the correlation between model return expectations and model next year realized returns is

an insigni�cant −0.14 (0.12).23

Second, our model is consistent with the �nding from Cassella and Gulen (2018) that the

price-dividend ratio predicts future returns more strongly when the degree of extrapolative

weighting in return expectations is high. They de�ne the term degree of extrapolative

weighting (DOXt) to refer to the relative weight placed on recent returns compared to

earlier returns when regressing survey return expectations on the past �ve years of returns.

A higher value of DOXt means that return expectations are more related to recent returns

than earlier returns. We take their methodology for measuring DOXt using survey return

expectations and realized returns and apply it to our model return expectations and model

realized returns.24

We then regress the realized next year return from the model rt+1 on the current model

price-dividend ratio pdt, the degree of extrapolative weighting DOXt, and the interaction

of these two terms pdt ∗ DOXt. The coe�cient on the interaction term is signi�cant and

negative −1.06 (0.43) while the coe�cient on pdt is insigni�cant at 0.02 (0.12). This means

that the ability of the price-dividend ratio to predict next year returns is stronger when

the measured value of DOXt is high. The intuition for this result is the following. During

periods of high measured DOX, current return expectations are mainly related to recent

realized returns rather than earlier returns. Since earlier return expectations are mostly

related to those earlier returns, this means that current return expectations are not strongly

related to earlier return expectations. In the model, return expectations are χ1−ρw
1−χ pdt, so

the measured value of DOX will be high during periods where the autocorrelation of the

price-dividend ratio is low. Low autocorrelation means one-year return predictability will

be larger. This is because lower autocorrelation in the price-dividend ratio strengthens

the negative relationship between the current price-dividend ratio and next year returns,

following equation (1). Thus, the model is able to simultaneously replicate the �ndings on

23The 2003-2015 sample gives similar results.
24The Online Appendix contains the details of this estimation.
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return expectations from Greenwood and Shleifer (2014) and Cassella and Gulen (2018) on

top of our �ndings on cash �ow growth expectations.

VI. Robustness Checks

A. Relaxing Assumptions

In Section I, we made three assumptions in order to establish our two decompositions,

equations (3) and (7). In this section, we will remove these assumptions and show that

our results do not noticeably change. These three assumptions were the two no-bubble

conditions, E∗t

[
lim
T→∞

ρTpdt+T

]
= 0 and E∗t

[
lim
T→∞

ρTpet+T

]
= 0, and the approximation in

equation (5) that we could ignore expectations of the future payout ratio.

We start by using the exact decomposition for the price-earnings ratio. When we in-

clude expectations of the future payout ratio, the de�nitions for CF1, DR1, and LT remain

unchanged from equation (9) and the exact one-year decomposition becomes

1 = CF1 +DR1 + LT + (1− ρ)
Cov (E∗t [det+1] , pet)

V ar (pet)
, (34)

where the fourth term is the one-year payout news. We calculate expectations of the future

payout ratio using the current payout ratio, the one-year dividend growth expectations, and

the one-year earnings growth expectations. Because we estimated CF1 and DR1 directly

from the earnings growth expectations and return expectations in Section IV.A, including

this payout term will not change these values. Thus, earnings growth expectations will

still account for 93.7% of the variation in the price-earnings ratio over 2003 to 2015 and

return expectations will still account for −0.4%. Over the 2003 to 2015 sample, we �nd that

one-year payout news accounts for only 0.3% of the variation in the price-earnings ratio.

We �nd similar results for the full horizon decomposition. Including the payout ratio

terms, the full horizon decomposition for the price-earnings ratio is

1 = CF +DR + (1− ρ)

Cov

(
∞∑
j=1

ρj−1E∗t [det+j] , pdt

)
V ar(pdt)︸ ︷︷ ︸
PO

, (35)

where the de�nitions of CF and DR come from equation (7). The third term is the full
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horizon payout news. As with the one-year decomposition, including this term will not alter

our direct estimate of the full horizon cash �ow news, CF = 0.99, or our direct estimate of

the full horizon discount rate news, DR = −0.01, because these were estimated solely from

the earnings growth expectations and return expectations. Using our simple decay functional

form for earnings growth and dividend growth expectations from Section IV.B, we estimate

the payout ratio expectations and �nd that they account for −1% of the variation in the

price-earnings ratio. So, for both the one-year and full horizon decompositions, including

expectations of the future payout ratio does not change our result that price-earnings ratio

variation is primarily explained by earnings growth expectations. Expectations of the future

payout ratios simply do not play a large role in explaining price movements, which is not

surprising given that 1− ρ is close to 0.

Next, we remove our no bubble-conditions, E∗t

[
lim
T→∞

ρTpdt+T

]
= 0 and E∗t

[
lim
T→∞

ρTpet+T

]
=

0. This means that we will allow for the possibility that investors believe the price-dividend

ratio or price-earnings ratio will be non-stationary and will grow faster than 1/ρ. For the

price-dividend ratio, this means there would be a third element in our full horizon decom-

position. A high price-dividend ratio could be explained by high expected dividend growth,

low expected returns or a high value of the �bubble� term. The new decomposition is

1 = CF +DR +
Cov

(
E∗t

[
lim
T→∞

ρTpdt+T

]
, pdt

)
V ar(pdt)

, (36)

where the de�nitions of CF and DR come from equation (3).

To estimate the three terms in the decomposition, we can use the value of CF derived

from the dividend survey data and the value of DR derived from the return survey data

in Section IV.B. We estimated CF = 0.93 and DR = −0.09, which means that under

this speci�cation, 16% of the variation of the price-dividend ratio could be attributed to

movements in the bubble term. This is a non-trivial contribution, but it does not change

our main result that cash �ow news accounts for most price movements, explaining 93% of

the volatility of the price-dividend ratio.

For the price-earnings ratio, removing the no-bubble condition means that our decompo-

sition now has four terms,

1 = CF +DR + PO +
Cov

(
E∗t

[
lim
T→∞

ρTpet+T

]
, pet

)
V ar(pet)

(37)
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where CF , DR, and PO de�nitions are the same as in equation (35). Analogous to the

price-dividend ratio decomposition, we can use the value of CF measured directly from the

earnings survey data and the value of DR measured directly from the return survey data in

Section IV.B. In addition, we directly measured the payout news PO earlier in this section

using the earnings and dividend survey data. This gives CF = 0.99, DR = −0.01, and

PO = −0.01, which implies that 3% of the variation in the price-earnings ratio could be

attributed to movements in the bubble term. This clearly does not change the result that

earnings growth expectations account for the vast majority of price-earnings ratio variation.

To summarize, removing our assumptions about the limit terms or expectations of future

payout ratios does not change our result that cash �ow growth expectations explain virtually

all price movements and that return expectations play a negligible role. Including additional

terms in the decompositions for potential bubbles or future payout ratios does not change

the fact that we can directly observe a large comovement between cash �ow growth expec-

tations and price ratios and can also directly observe a lack of comovement between return

expectations and price ratios.

B. Long Horizon Estimation

In Section IV we used a simple decay function to estimate the missing horizons of the

cash �ow and return expectations. In this subsection we show that even this functional form

is not crucial to understand the importance of cash �ow news in explaining price movements.

The one-year and two-year cash �ow expectations constructed directly from the survey data

can already account for a signi�cant portion of the price volatility.

To see this, we perform a Campbell-Shiller decomposition similar to Section IV.A, but

extend it with two extra pieces of data, the average ten-year expected return obtained in the

Graham-Harvey CFO survey and the two-year expected dividend growth we obtained from

I/B/E/S. We can rewrite (2) as

pdt =
2∑
j=1

ρj−1E∗t [∆dt+1]−
10∑
j=1

ρj−1E∗t [rt+1]

+

(
∞∑
j=3

ρj−1E∗t [∆dt+j]−
∞∑
j=11

ρj−1E∗t [rt+j] + E∗t

[
lim
T→∞

ρTpet+T

])
(38)
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Table IX

Extended variance decomposition of price ratios
This table shows the importance of two-year cash �ow news (CF2) and ten-year discount rate news (DR10) in price ratio
variance decompositions. For the price-dividend ratio, CF2 and DR10 are the coe�cients obtained by individual regressions
of

∑2
j=1 ρ

j−1E∗t [∆dt+j ] and
∑10

j=1 ρ
j−1E∗t [rt+j ] on the price-dividend ratio. For the price-earnings ratio, CF2 and DR10

are the coe�cients obtained by individual regressions of
∑2

j=1 ρ
j−1E∗t [∆et+j ] and

∑10
j=1 ρ

j−1E∗t [rt+j ] on the price-earnings

ratio. The sum of one-year and two-year dividend growth and earnings growth expectations are calculated from the I/B/E/S
forecasts. The sum of one-year to ten-year return expectations is calculated from the one-year and ten-year return forecasts
from Graham-Harvey. The �rst two rows use quarterly data from 2003Q1 to 2015Q3. The third row uses quarterly data from
1985Q1 to 2015Q3. Only earnings growth expectations are available for this longer sample, which is why only the cash �ow
news is estimated. Small-sample adjusted Newey-West standard errors in parenthesis.

Sample CF2 DR10

Price-dividend ratio 2003-2015 0.65 −0.07
(0.12) (0.11)

Price-earnings ratio 2003-2015 0.98 −0.07
(0.10) (0.03)

1985-2015 0.64
(0.15)

and use the following decomposition:

1 =
Cov

(∑2
j=1 ρ

j−1E∗t [∆dt+j] , pdt

)
V ar (pdt)︸ ︷︷ ︸

CF2

+
Cov

(
−
∑10

j=1 ρ
j−1E∗t [rt+j] , pdt

)
V ar (pdt)︸ ︷︷ ︸

DR10

+
Cov

(∑∞
j=3 ρ

j−1E∗t [∆dt+j]−
∑∞

j=11 ρ
j−1E∗t [rt+j] + E∗t

[
lim
T→∞

ρTpet+T

]
, pdt

)
V ar (pdt)︸ ︷︷ ︸

L̃T

. (39)

The �nal variables L̃T captures all cash �ow news beyond the two-year horizon and all

discount rate news beyond the ten-year horizon.

As Table IX shows, one-year and two-year subjective dividend growth expectations ac-

count for 65% of the volatility of the price-dividend ratio. This means that subjective

dividend growth expectations can explain the majority of price movements, even without

making assumptions about the limit term or the functional form of long horizon expecta-
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tions. Extending the scope of the discount rate news from one to ten years also produces

similar results to Section IV. Ten-year subjective return expectations rise slightly with the

price-dividend ratio, producing small, negative ten-year discount rate news. The equivalent

decomposition for earning growth expectations tells us that without any extra assumptions

the �rst two horizons of earning growth expectations already account for 64% of the price-

earnings ratio movements in the 1985 to 2015 period, and 98% in the 2003 to 2015 period.

C. Return Decomposition

This paper primarily focuses on determining how much of the variation in the price

ratios is due to changes in cash �ow growth expectations or return expectations. There

is another popular decomposition in the literature from Campbell (1991) that measures

the importance of revisions in cash �ow growth expectations and return expectations for

explaining unexpected returns. This decomposition splits unexpected returns into revisions

in dividend growth expectations and revisions in return expectations. We �nd that revisions

in cash �ow growth expectations also explain the vast majority of unexpected returns.

We start with the log-linearized return identity (1), and plug in equation (2) for pdt and

pdt+1 to derive the unexpected return as

rt+1 − E∗t [rt+1] =
∞∑
j=1

ρj−1
(
E∗t+1 [∆dt+j]− E∗t [∆dt+j]

)
−
∞∑
j=2

ρj−1
(
E∗t+1 [rt+j]− E∗t [rt+j]

)
. (40)

For the sake of simplifying the equation, we simply express ∆dt+1 as E
∗
t+1 [∆dt+1]. In words,

this equation says that a positive unexpected return must be explained by an upward revision

in expected current and future dividend growth or a downward revision in expected future

returns. Because equation (2) did not require that these expectations are rational, this

relationship can be applied to our subjective expectations.

The variance of the unexpected returns is then split into three terms, (i) the variance of

the dividend growth revisions, (ii) the variance of the return revisions, and (iii) the covariance

of the dividend growth and return revisions multiplied by negative two. Using the simple

decay functional form from Section IV.B, we estimate the dividend growth and return ex-

pectations for 2003 to 2015 and then calculate the one-year revisions. We �nd that revisions
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to dividend growth expectations account for 96% of the variation in unexpected returns,

revisions to return expectations account for 2%, and the covariance of dividend growth and

return revisions accounts for 2%. Given that dividend growth revisions and return revisions

are taken from completely independent surveys, it is remarkable that this decomposition

sums almost exactly to 1. Just as in the other decompositions, the low volatility of the

return expectations implies that their revisions are not a major source of variation, while

the large movements in dividend growth expectations implies their revisions account for a

substantial amount of the variation. Combining this result with our decomposition in Sec-

tion IV.B, we conclude that changes in dividend growth expectations account for more than

90% of the variation in both the price-dividend ratio and unexpected returns.

VII. Conclusion

Stock price movements must be explained by changes in expected cash �ows or changes in

expected returns. Using subjective expectations based on survey data, we �nd that changes

in subjective cash �ow growth expectations account for the vast majority of movements in

both the price-dividend ratio and the price-earnings ratio for the S&P 500. Subjective cash

�ow growth expectations vary signi�cantly over time and rise with price ratios, even when

price ratios do not predict future cash �ows. Subjective return expectations are less volatile

and do not move substantially with price ratios. Both subjective cash �ow growth and return

expectations show low persistence and the price ratio movements are primarily explained by

changes to short-term cash �ow growth expectations.

To explain these �ndings, we propose an asset pricing model with subjective beliefs about

earnings growth reversal. Agents' cash �ow growth expectations are driven by their belief

that shocks to earnings growth will be reversed by future earnings growth and that changes

in earnings will be gradually integrated into dividends. This model accurately replicates the

measured time-series for subjective cash �ow growth expectations and the joint dynamics of

subjective cash �ow growth expectations and price ratios, as well as �ndings from the return

extrapolation literature. These results highlight the importance of time-varying subjective

cash �ow growth expectations in determining aggregate stock prices.
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Appendix

A. Data Aggregation for Dividend and Earnings Expectations

This section describes the process for the dividend expectations calculation. Earnings

expectations are constructed analogously. Let the following variables be de�ned for each

period t:

Di,t =ordinary dividend per share paid by company i at time t

Pi,t =price per share of company i at time t

Si,t =shares of company i at time t

xt =set of companies in S&P 500 at time t.

The total market value Mt and dividends Dt paid by S&P 500 constituents are de�ned

as:

Mt =
∑
i∈xt

Pi,tSi,t

Dt =
∑
i∈xt

Di,tSi.t.

Standard & Poor's de�ne the S&P 500 index (SP500t) as the total market capitalization

of the constituents Mt, adjusted by a divisor. The divisor is de�ned by Standard & Poor's

at every period to satisfy the following identity∑
i∈xt

Pi,tSi,t/Divisort = SP500t =
∑
i∈xt−1

Pi,tSi,t−1/Divisort−1 (A1)

or,

Divisort/Divisort−1 =
∑
i∈xt

Pi,tSi,t/
∑
i∈xt−1

Pi,tSi,t−1. (A2)

In other words, the divisor moves so that the value of the S&P 500 index is not a�ected

by changes in the S&P 500 constituents or the number of outstanding shares issued. One

result of this is that the index is not a�ected by share repurchases. In addition, the divisor

is also adjusted whenever a special dividend is issued. Standard and Poor's assume that

the share price drops by the amount of the special dividend and adjust the divisor to o�set

this change in share price. Since the S&P 500 index is not a�ected by share repurchases or

special dividends, we can think of the index as the value of a portfolio that automatically

reinvests any special dividends or payments from share repurchases back into the portfolio.
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Therefore, the only cash �ow from this portfolio is the ordinary dividends paid by S&P 500

constituents. This is why we do not include special dividends or share repurchases in our

measure of dividends.

The divisor is not publicly available, but we can back out the value of the divisor by

using (A1) to obtain the simple ratio:̂Divisort = Mt/SP500t.

Once an estimate of Divisort is obtained for every quarter, we construct an aggregate divi-

dend index for the S&P 500, expressed as:

Divt = Dt/ ̂Divisort.
This dividend measure has been constructed `bottom-up' from the individual ordinary

dividend payments of each company. We can see in Figure A1 the performance of our

dividend measure compared to the S&P 500 dividend reported by Robert Shiller and the

dividends paid by the Exchange Traded Fund �SPY�, the largest replicating ETF of the S&P

500. The correlation of Divt and the other dividend estimates in levels is very high (> 0.99).

If, instead of an aggregate dividend measure, we want to build an aggregate expected

dividend measure, we can use a similar logic. The one-year subjective expected dividend for

the S&P 500 can be described as:

E∗t [Divt+1] = E∗t

 ∑
i∈xt+1

Di,t+1Si,t+1/ ̂Divisort+1

 . (A3)

Because dividend forecasts are made in levels, rather than in logs, we approximate sub-

jective expected dividend growth as E∗t [∆dt+1] ≈ log (E∗t [Divt+1]) − log (Divt). As long as

volatility is countercyclical, accounting for the Jensen terms from this approximation would

only increase the procyclicality of E∗t [∆dt+1] and strengthen our result that subjective cash

�ow news is large.

In order to build our aggregate estimator E∗t [Divt+1], we need to make an assumption

about how people form expectations about the future constituents and shares outstanding

of the S&P 500. We assume that people expect that any changes in constituents or shares

outstanding that may a�ect total dividends will be o�set by changes in the divisor. Since

the divisor adjusts to o�set changes in total market value due to changes in constituents or

shares outstanding, this simply means that people expect that changes in constituents or
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Figure A1. Comparison of aggregate dividend measures. The �gure compares four

measures of the aggregate dividend for the S&P 500. The solid line Shiller contains the quarterly S&P 500

dividends obtained from Shiller (2015). The dashed line All Companies contains the aggregate quarterly

dividends paid out by all S&P 500 companies. The dash-dotted line I/B/E/S contains the aggregate quar-

terly dividends paid out only by S&P 500 companies for which a one-year subjective dividend expectation

exists. This value is then scaled by the ratio of the market value of all S&P 500 companies to the market

value of S&P 500 companies for which a one-year subjective dividend expectation exists. The dotted line

SPY contains the quarterly dividends paid out by the SPDR S&P 500 ETF.

shares outstanding will have the same proportional e�ect on total dividends as total mar-

ket value. In other words, we assume that people do not expect changes in constituents or

shares outstanding to a�ect the price-dividend ratio of the S&P 500. A stronger assump-

tion that would also be consistent with our methodology is to simply assume that people

do not expect the constituents or shares outstanding to change over the next year. As-

sumption 1 implies that E∗t

[∑
xt+1

Di,t+1Si,t+1/Divisort+1

]
= E∗t

[∑
xt
Di,t+1Si,t/Divisort

]
=∑

xt
E∗t [Di,t+1]Si,t/Divisort.

Assumption 1. E∗t


∑
xt+1

Di,t+1Si,t+1∑
xt

Di,t+1Si,t

 = E∗t


∑
xt+1

Pi,t+1Si,t+1∑
xt

Pi,t+1Si,t

.
Given that we sometimes do not have expectations data for all �rms in the S&P 500, we

make a second assumption to construct E∗t [Divt+1]. Denote as xjt ⊂ xt the set of companies



59

that have an expected value for horizon j. We normalize by the ratio of total market value,

Mt, to the market value of the �rms that have an expected dividend for horizon j, M j
t . To

do this, we assume that the �rms that have an expected dividend are a representative sample

of the S&P 500. Then E∗t [Divt+1] = (Mt/M
1
t )
∑

x1t
E∗t [Di,t+1]Si,t/Divisort.

Assumption 2.

∑
i∈xt

E∗t [Di,t+1]Si,t∑
i∈xjt

E∗t [Di,t+1]Si,t
=
Mt

M j
t

where M j
t is the market value of �rms in xjt .

Assumption 2 becomes easier to satisfy the higher the coverage of �rms with valid fore-

casts we have. To see that the �rms included in the forecast are representative of the

S&P 500 index, a fourth measure is shown in Figure A1. The behavior of the measure

D̂ivt = (Mt/M
1
t )
∑

i∈x1t
Di,tSi,t/Divisort is very similar to Divt. This means that aggregate

dividend constructions using only those companies with a forecast for a certain horizon look

very similar to the main aggregate dividend Divt. Furthermore, the correlation of all the

measures both in growth and levels is very close to one, as shown in Table I.

The process to construct earnings expectations is identical to the dividend expectation

construction. The time series for earnings span a longer time period and we have more �rms

with earnings forecasts than dividend forecasts in every quarter. The correlation tests for

our earnings measure is shown in Table AI and in Figure A2.

B. Horizon Interpolation

Not all �rms in the I/B/E/S estimates database share the same �scal year end date. In

order to properly construct a one-year forecast, di�erent forecasts were used depending on

the �scal year end date of each �rm.

For instance, if the estimates are taken on April 15, 2004 for a �rm with �scal year ending

in December, the FY1 variable will show a forecast for December 31, 2004, FY2 will present

a forecast for December 31, 2005. Given that we want an estimate for March 31, 2005, we

will interpolate FY1 and FY2 accordingly to obtain that �rm's 12-month estimate. When

possible, we make use of forecasts for quarterly horizons Q1 through Q4 to improve the

interpolation procedure. The exclusion of the quarterly forecasts does not a�ect the results.
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Table AI

Correlations of S&P 500 earnings measures
The table shows the correlations for three quarterly time series spanning 1976Q1 to 2015Q3. All Companies contains the
aggregate quarterly earnings reported by all S&P 500 companies. I/B/E/S contains the aggregate quarterly earnings reported
only by S&P 500 companies for which a one-year subjective earnings expectation exists. Shiller contains the quarterly S&P
500 earnings obtained from Shiller (2015). Under the Levels columns, we calculate the correlation of the three series. Under
the Growth columns, we calculate the log annual change of each of the three series and then take the correlations.

Levels Growth

I/B/E/S Shiller I/B/E/S Shiller

All Companies 0.999 0.994 0.991 0.968

I/B/E/S 0.990 0.946

Figure A2. Comparison of aggregate earnings measures. The �gure compares three

measures of the aggregate earnings for the S&P 500. The solid line Shiller contains the quarterly S&P

500 earnings obtained from Shiller (2015). The dashed line All Companies contains the aggregate quarterly

earnings reported by all S&P 500 companies. The dash-dotted line I/B/E/S contains the aggregate quarterly

reported only by S&P 500 companies for which a one-year subjective earnings expectation exists. This value

is then scaled by the ratio of the market value of all S&P 500 companies to the market value of S&P 500

companies for which a one-year subjective earnings expectation exists.
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Online Appendix

OAI. Additional Surveys

In addition to the one-year and ten-year return expectations obtained from the Graham-

Harvey survey of Duke University (G-H ), we use the Federal Reserve Bank of Philadelphia's

Livingston Survey (Livingston), the University of Michigan Survey of U.S. consumers (Michi-

gan) and the Survey of Professional Forecasters (SPF ) as additional measures of S&P 500

return expectations at di�erent horizons. All surveys report expected annualized returns.

The Livingston Survey is conducted twice a year by the Federal Reserve Bank of Philadel-

phia and spans 1952 to 2016. The survey elicits forecasts of 18 di�erent variables describing

national output, prices, unemployment, and other macroeconomic data from 50-60 experts.

Our variable of interest is the one-year expectation of stock market prices. Because it is prices

and not returns that are forecasted, we can only build capital gains expectations E∗t

[
Pt+1

Pt

]
and not return expectations E∗t

[
Pt+1+Dt+1

Pt

]
. Since dividends are very small compared to

prices, we expect capital gains movements to be a reasonable proxy for the qualitative be-

havior of the expected returns. During the �rst years of the Livingston Survey, the S&P 400

industrial index was used as the forecasted index. Starting in 1990, the S&P 500 was fore-

casted instead. We use this survey due to the generous sampling period, obtaining similar

results to the rest of the surveys.

The Michigan Survey of Consumers is conducted every month by the Survey Research

Center, under the direction of the University of Michigan. The focus of the survey is on

three areas: how consumers view prospects for their own �nancial situation, how they view

prospects for the general economy over the near term, and their view of prospects for the

economy over the long term. In 22 of the survey months between 2000 and 2005, the expected

average return on the S&P 500 over the next 2 to 3 years was included in the questionnaire.

The Survey of Professional Forecasters is conducted quarterly by the Federal Reserve

Bank of Philadelphia. One of the variables in the questionnaire is the forecast for the

annualized average rate of return on the S&P 500 over the next 10 years. This variable is

available annually from 1992 to 2015 and the respondents are professional forecasters, which

is de�ned as those who produce regular forecasts of economic variables as part of their jobs

in the business world or on Wall Street.
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OAII. Risk-neutral Probabilities

One possible concern regarding the cash �ow forecast analysis is that respondents may

be using risk-neutral probabilities in their expectation process. This would imply that their

return expectations are implicitly embedded in their responses. There are two possible

reasons why the cash �ow forecasts may be using risk-neutral probabilities. The �rst is

that respondents may be intentionally using risk-neutral probabilities, that is, respondents

may choose to report an adjusted expectation that overweight bad states. For example,

forecasters may receive a greater punishment when they fail to predict cash �ow drops than

when they fail to predict cash �ow increases. This type of asymmetric reward/punishment

would cause respondents to knowingly make conservative forecasts that incorporate risk. The

second reason is that respondents may be unintentionally using risk-neutral probabilities. It

is possible that even when trying to report their expectations under the actual probabilities,

respondents subconsciously put too much emphasis on the negative potential outcomes.

In both cases, we would see that respondents consistently underpredict future cash �ows,

either because they are knowingly reporting conservative forecasts or because they are sub-

consciously overweighting bad outcomes. In other words, if respondents are giving their

expectations under risk-neutral probabilities then these expectations should be pessimistic.

That is not what we observe in the cash �ow growth expectations. Both dividend growth

and earnings growth forecast errors have negative means, signi�cantly di�erent from zero.

The expectations are slightly optimistic, the opposite of what we would expect if they were

risk-neutral.

OAIII. Existing Asset Pricing Models in Detail

In this section we explain in more detail our implementation of the Campbell and Cochrane

(1999) external habit formation model, the Bansal, Kiku, and Yaron (2012) long-run risk

model, the Collin-Dufresne, Johannes, and Lochstoer (2016) learning model and the Barberis

et al. (2015) return extrapolation model. These consumption-based asset pricing models have

theoretical predictions about the dynamics of return and dividend growth expectations.

All four models satisfy the no-bubble condition, limj→∞ ρ
j−1E∗t [pdt+j] = 0. Thus, cash

�ow news is CF =
Cov(

∑∞
j=1 ρ

j−1E∗t [∆dt+j ],pdt)
V ar(pdt)

and discount rate news is simply DR = 1−CF .
Each paper provides equations for calculating the price-dividend ratio, so we simply focus on
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explaining the calculations of the dividend growth expectations E∗t [∆dt+j] for all horizons j.

External Habit Formation Model (Campbell and Cochrane, 1999)

In the external habit formation model of Campbell and Cochrane (1999), dividend growth

behaves according to

∆dt+1 = µ+ σεt+1

where µ and σ represent the mean and volatility of the dividend growth process and εt+1

is an i.i.d. process. The representative agent has full information about the process and

the parameter values. Hence, the calculation of cash �ow news and discount rate news

is straightforward. For all horizons E∗t [∆dt+j] = µ, so dividend growth expectations are

constant over time. As a result, cash �ow news at all horizons are exactly 0 and all variation

in the price-dividend ratio is due to changes in expected returns.

Long Run Risk Model (Bansal, Kiku, and Yaron, 2012)

In the long-run risk model of Bansal, Kiku, and Yaron (2012), cash �ow growth has a slow-

moving long-run component xt that a�ects both consumption growth and dividend growth:

∆ct+1 = µc + xt + σtε
c
t+1

xt+1 = ψxt + ϕeσtet+1

σ2
t+1 = σ̄ + ν(σ2

t − σ̄) + σwwt+1

∆dt+1 = µ+ λxt + πσtε
c
t+1 + ϕdσtεt+1.

After simulating the long-run component process xt we can estimate the dividend growth

expectations as

E∗t [∆dt+j] = µ+ λE∗t [xt+j] = µ+ λψj−1xt.

Because of the long-run component xt, cash �ow growth expectations do vary over time

and explain some of the price-dividend ratio variation. However, changes in xt also change

the agent's discount rate expectations due to the recursive preferences. Importantly, divi-

dend growth expectations only move with the long-run component xt. In comparison, the

price-dividend ratio, and consequently returns, depends on both xt and the volatility σt.

Due to her recursive preferences, changes in expected consumption growth and the risk in
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consumption growth signi�cantly impact her discount rates. As a result, changes in return

expectations explain 62% of price-dividend ratio movements. Cash �ow growth expectations

play a secondary role, explaining 38% of price-dividend ratio variation. One-year and two-

year cash �ow growth expectations explain only 11% and 19% of the variation respectively.

Learning Model (Collin-Dufresne, Johannes, and Lochstoer, 2016)

In the basic learning model of Collin-Dufresne, Johannes, and Lochstoer (2016), consumption

growth follows an i.i.d. process of the form

∆ct+1 = µ+ σεt+1,

and dividend growth is a leveraged claim on consumption growth ∆dt+1 = µ+λ(∆ct+1−µ).

The representative agent with recursive preferences is uncertain about expected consumption

growth µ and updates her expected value of µ, E∗t [µ] ≡ µt, and her degree of uncertainty

about this parameter.

This means that in spite of the data being generated from a �xed parameter i.i.d model,

the agent perceives consumption growth to have a time-varying mean and variance. The

e�ect of the time-varying mean µt on the price decomposition is similar to the long-run

risk model. Once the model is solved, the cash �ow news component can be calculated by

estimating E∗t [∆dt+j] = µt. In this model, changes in µt alter cash �ow news and discount

rate news through their e�ect on E∗t [∆dt+j] and E∗t [∆ct+j] respectively. Because she has

recursive preferences, changes in the degree of uncertainty about µ also signi�cantly alter

the agent's discount rate expectations. This is similar to the time-varying volatility in the

long-run risk model, however, the uncertainty in the learning model varies substantially more

over time than the time-varying volatility in the long-run risk model. As we can see in Table

VII, this makes discount rate news more important in the learning model.

We now consider a second version of the Collin-Dufresne, Johannes, and Lochstoer (2016)

learning model. The basic version of learning about mean consumption growth was intro-

duced by Collin-Dufresne, Johannes, and Lochstoer (2016) for its intuitive appeal, but as

stated by the authors, it struggles to match several features in the data. In order to quan-

titatively account for several data moments, the authors present another version where the

mean growth µ is known, but the agent is uncertain whether an observed long-run process

xt a�ects cash �ow growth. In other words, the agent is uncertain whether the right model
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in the economy is an i.i.d. model or a long-run risk model. Thus, her perceived cash �ow

growth process can be expressed as:

∆ct+1 = µc + ptxt + σεt+1

xt+1 = ρxt + ϕσεt+1

∆dt+1 = µ+ λ(∆ct+1 − µc) + σdε
d
t+1,

where pt is the agent's inferred probability that the long-run component xt in�uences con-

sumption growth. The agent updates her probability every period after observing the real-

izations of ∆ct and xt.

For this second version, the cash �ow expectations are computed as E∗t [∆dt+j] = µ+λptxt.

Similar to the basic learning model, cash �ow growth and return expectations vary over

time as the agent updates her inferred probability of a long-run component. Due to her

recursive preferences, her discount rates expectations move much more due to the movements

in uncertainty about the importance of xt. The results are qualitatively similar to the basic

learning model, with DR = 0.9, CF = 0.1, and short horizon cash �ow news of CF1 = 0.004

and CF2 = 0.02.

Return Extrapolation Model (Barberis et al., 2015)

In the return extrapolation model of Barberis et al. (2015), the expectation of future

price changes for extrapolating agents depends on a variable called sentiment St. A discrete

time representation of the price change expectation formation is:

E∗t [Pt+1 − Pt]=St, (OAIII.1)

where sentiment St is high when previous price changes have been high, evolving according

to:

St = (1− β)St−1 + β(Pt − Pt−1). (OAIII.2)

In equilibrium, asset prices depend on both sentiment St and the dividend level Dt,

Pt = A+BSt +
Dt

r
, (OAIII.3)

where A,B are coe�cients determined in equilibrium that depend on the model parameters.

Given equations (OAIII.1) and (OAIII.2), extrapolating agents believe sentiment evolves
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according to a random walk,

E∗t [St+1 − St]=0.

Thus, in order for extrapolators to have time consistent beliefs about the equilibrium price

equation (OAIII.3), they must believe that dividend changes are a�ected by sentiment

E∗t [Dt+1 −Dt]=rSt.

Using the headline parameters from the paper, A and BSt are quite small relative to

Dt/r. As a result, the expected dividend growth E∗t [Dt+1] /Dt = 1+ St

Dt/r
is almost the same

as the expected price growth E∗t [Pt+] /Pt = 1+ St

Pt
. By extension, expectations of returns are

almost the same as expectations of dividend growth. The same reasoning applies to further

horizons j.

In this model, dividends can be negative. Thus, to implement the Campbell-Shiller

decomposition in this economy, we use log (E∗t [Dt+j]) instead of E∗t [log (Dt+j)] for the de-

composition and remove observations where expected dividends are negative.25 We then

calculate
∑H

j=1 ρ
j−1E∗t [∆dt+j] with a �nite horizons H of 100 years in order to estimate

cash �ow news. Because dividend growth expectations and return expectations move almost

equally with the sole state variable St, cash �ow news and discount rate news have opposite

signs and almost equal magnitudes. Further, the price-dividend ratio moves relatively little

compared to the movements in dividend growth or return expectations, as changes in the

two types of expectations mostly negate each other in equation (2). This causes cash �ow

news and discount rate news to both be large in magnitude, as shown in Table VII.

OAIV. Measuring Degree of Extrapolative Weighting

We apply the methodology of Cassella and Gulen (2018) to measure the degree of extrapola-

tive weighting (DOXt) in the model return expectations. Speci�cally, we want to estimate

the coe�cient λ from the following equation

E∗t [rt+1] = a+ b
59∑
i=0

wiR
Q
t−i + εExpt (OAIV.1)

where the weights wi decay geometrically based on λ

25In the absence of these measures, the expected dividend growth and expected returns for the decompo-
sition would always be −∞.
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wi =
λi∑59
k=0 λ

k
. (OAIV.2)

The degree of extrapolative weighting is then de�ned as DOX ≡ 1 − λ. A higher DOXt

means that agents' return expectations are more closely related to recent realized returns

than previous realized returns.

Using a monthly series for earnings and dividends, we calculate the model one-year return

expectations E∗t [rt+1] and the model price-dividend ratio pdt. Using the model prices, we

calculate the quarterly model return in levels RQ
t for each month. For any given monthM , a

value of λ can be estimated using nonlinear least squares over the last ` observations. Rather

than use a single value for `, the �nal estimate of DOXM is based on a weighted sum of the

λ estimates from multiple di�erent window sizes `. These four windows are the past 24, 36,

and 48 months as well as an expanding window which uses all prior observations back to

March 1976.

To determine the weights, we �rst calculate parameter estimates for months M − 12 to

M − 1. For each of these twelve months, we estimate equation (OAIV.1) over each of the

four windows. Then, for each window length and each of the 12 months, we calculate the

1-step-ahead forecast error. For example, for month M − 12 and window length ` = 24,

we estimate equation (OAIV.1) for t ∈ [M − 36 + 1,M − 12] and use these coe�cients to

calculate the forecast for month M − 11. The di�erence between this forecast and the

expectation in M − 11 obtained from the model is stored as ε
{24}
M−11. Repeating this for all 12

months, M − 12 to M − 1, gives a set of 12 forecast errors for each window length `. We use

these twelve values to calculate the mean squared forecast error (MSFE) for each window

length `. The weights are then the inverse of the MSFE, normalized so that the weights sum

to 1. In other words, window lengths that produce high MSFE over the last 12 months will

be given lower weights than window lengths with low MSFE.

Given these weights, we calculate a value for λ in month M by estimating equation

(OAIV.1) over each of the di�erent window lengths ` and taking a weighted average. The

value of DOX in month M is then 1− λ.


