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Abstract

This paper shows how to identify and estimate price informativeness, a necessary step to
test theories of information aggregation. Starting from a pricing equation and a stochastic
process for payoffs, we show how to recover relative price informativeness from regressions
of asset price changes on changes in asset payoffs. Applying our identification results, we
estimate a panel of stock-specific measures of informativeness for U.S. stocks. In the cross-
section, large, high turnover, high institutional-ownership, and high analyst-coverage stocks
have higher informativeness. In the time-series, the median, mean, and standard deviation
of the distribution of informativeness have steadily increased since the mid-1980s.
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1 Introduction

Financial markets play an important role by aggregating information about the fundamentals
of the economy. By pooling different sources of information, asset prices act as a public signal
to any external observer in the economy, potentially influencing individual decisions. This view
that treats asset prices as a signal about future fundamentals is typically traced back to Hayek
(1945).

Despite the substantial theoretical literature that studies how prices aggregate information,
the connection between the theoretical and empirical research on price informativeness remains
understudied. In particular, most existing empirical work on the informational content of prices
typically focuses on predictability /forecasting measures, which fail to isolate the role of prices as
signals about fundamentals. Moreover, the existing literature lacks formal identification results.
This paper seeks to fill both gaps.

In this paper, we show how to identify and estimate relative price informativeness, a notion
of informativeness that formally corresponds to the relative precision of the signal about future
payoffs contained in asset prices. To derive our results, we only need to postulate i) an asset
pricing equation and ii) a stochastic process for asset payoffs. Our main results show that a
specific combination of R-squareds from linear regressions of changes in asset prices on changes
in asset payoffs exactly identifies relative price informativeness within a class of models that
may feature heterogeneity across investors’ preferences, endowments, private signals, and private
trading needs; competitive or strategic market structures; symmetric or asymmetric information;
and that require minimal distributional assumptions. Our approach has the potential to provide
model-based tests of predictions in widely used dispersed information models.

The main contribution of this paper is an identification result and an estimation procedure
that determine how much information about future payoffs is contained in asset prices. Our
approach allows us to answer questions that cannot be answered with the existing measures of
informational efficiency. For example, suppose one is interested in whether asset prices are a
good guide for allocating real capital to firms. In this case, measures related to the predictability
of future earnings may give the wrong answer if prices are very noisy but future earnings are
very responsive to earnings news. Our identification and estimation results correctly account
for the noise in prices, giving an appropriate answer to the question.

Alternatively, one can be interested in the effect that changes in the market structure or
financial regulation have on the ability of markets to aggregate information, usually central
issues in policy debates. This matter cannot be settled by looking at forecasting measures
and requires measuring the informational content of prices directly, as we do in this paper.

Perhaps more importantly, the ability to measure price informativeness in a model-consistent



way opens the door to testing and disciplining a variety of theories of information aggregation.
We hope that showing how to identify and estimate price informativeness leads the way to
making empirically-based statements about social welfare in the future.

We begin by formally defining two price informativeness measures with desirable properties:
absolute and relative price informativeness. Absolute price informativeness, which formally
corresponds to the precision of the unbiased signal about the innovation to the asset payoff
contained in the asset price, measures the precision of the public signal revealed by the asset
price. Relative price informativeness, which corrects absolute price informativeness to account
for the variability of the asset payoff, measures how much can be learned from the price relative
to the total amount that can be learned. Relative price informativeness takes values between 0
and 1, making it easy to interpret and to compare across stocks. Moreover, in a Gaussian
environment, relative price informativeness exactly corresponds to the Kalman gain in the
updating process of a Bayesian external observer who only learns from the price. For instance,
finding that relative price informativeness is 0.2 implies i) that the uncertainty faced by an
external observer about the asset payoff is reduced by 20% after observing the price, and ii)
that an external observer puts a weight of 20% on the price signal (and a weight of 80% on the
prior) when forming a posterior belief over the future payoff.

We succinctly describe our approach to identifying and estimating (relative) price informa-
tiveness about the one-period ahead payoff growth in a simplified environment without public
signals. Consider the following two regressions that relate log-price changes, Ap;, to the con-

temporary and future differences in log-asset payoffs, denoted by Az, and Axy41, respectively:

Apy = B+ BoAxy + B1Axi1 + e (R1)
Apy =+ QoAzy + efa (R2)

where we denote the R-squareds of Regressions R1 and R2 by RQAI Ay and RQAx, respectively.

Our main result shows that the normalized difference in R-squareds

2 2
RAI,ACC/ - RA:B
2
1-R%,

exactly corresponds to relative price informativeness. In addition to this identification result, we
show that estimating these two regressions using ordinary least squares (OLS) yields a consistent
estimate of relative price informativeness. An important implication of our results is that it is
possible to recover price informativeness by relying exclusively on price and payoff information,
without having to observe the sources of noise in asset prices — subsumed in the error terms e;

and eg. Our identification results are therefore agnostic about the nature of the noise in asset



prices.

While it may seem straightforward to identify and estimate price informativeness in the
stylized environment implied by equations R1 and R2, it is harder to do so in more complex
scenarios. In fact, in our baseline environment, we consider a framework with an arbitrary
set of public signals and a nonzero correlation between payoff- and non-payoff related trading
motives (Proposition 1). In extensions to our baseline result, we also allow for the possibility
that payoffs have an unlearnable component (Proposition 2) and provide results to recover price
informativeness about payoff growths at longer horizons (Proposition 3).!

Even though we show that price informativeness can be recovered without fully specifying
the model primitives, a microfounded model is necessary to understand the link between
price informativeness and the primitives in the economy. For this reason, we develop several
microfounded dynamic models of trading that are consistent with the asset pricing equation
and the stochastic process for asset payoffs that we use to derive our identification results.
First, we study a model in which investors have private signals about future payoffs and
orthogonal trading motives in the form of random priors (sentiment). Subsequently, we study
a representative agent model similar to those used in the macro-finance literature. Finally, we
study a model with informed and uninformed investors, as in the classic literature on information
and learning. Analyzing these applications has a dual purpose. First, these applications show
that our identification results apply to economies i) with or without dispersed information among
investors, ii) with time-varying risk aversion/risk-premia, iii) with investors who may or may
not learn from prices, and iv) in which noise may arise from different sources. Second, these
applications allow us to provide a structural economic interpretation of the empirical results
presented in Section 4.

Next, we use our identification results to estimate relative price informativeness. First, we
recover a quarterly panel of stock-specific measures of price informativeness between 1985 and
2017 by running rolling time-series regressions of the form implied by our baseline environment at
the stock level using year-on-year changes with overlapping data. We find that the distribution
of informativeness across stocks is right-skewed, with time-series averages of the median and
mean levels of price informativeness across all stocks and years given by 4.47% and 8.54%,
respectively. Our estimation exercise allows us to uncover both cross-sectional and time-series
patterns in price informativeness. In the cross-section, we find that stocks that i) are larger, ii)
turn over more quickly, iii) have a higher institutional ownership share, and iv) have a higher
coverage by analysts have higher price informativeness. We also find that when we control

for the size of the stocks, the cross-sectional results on institutional ownership and analyst

'In previous versions of this paper, we also considered environments with multiple risky assets and strategic
investors.



coverage attenuate substantially. In the time series, we find that the median and mean price
informativeness have steadily increased since the mid-1980s. The standard deviation of price
informativeness has also increased over this period.

We then present estimation results in the context of our model with payoffs that have an
unlearnable component. In this case, the distribution of informativeness across stocks is also
right-skewed. Time-series averages of the median and mean levels of price informativeness
across all stocks and years are given by 4.67% and 9.29%, respectively. Consistent with our
baseline results, we find increasing time trends in the mean and median estimates of price
informativeness, as in the cross-sectional standard deviation. Finally, we extend our empirical
analysis to consider price informativeness about payoff growth rates at longer horizons and find
that price informativeness about future payoff growth decreases with the horizon of interest.

Our results by no means settle the question of how to identify and estimate price
informativeness, as we discuss in Section 5 before concluding. In particular, there is scope to
derive new identification results in more general environments, such as those with feedback effects
or significant non-linearities, and to overcome some limitations of our measurement exercise by

studying environments with better data availability.

Related Literature

Our theoretical framework takes as starting point the literature that studies the role played by
financial markets in aggregating dispersed information, following Grossman and Stiglitz (1980),
Hellwig (1980), Diamond and Verrecchia (1981), and De Long et al. (1990), among others.?
Building on this literature, our results show how to identify and consistently estimate relative
price informativeness, which is a notion of informativeness that formally corresponds to the
relative precision of the signal about future payoffs contained in asset prices.

Despite the substantial theoretical literature that has studied learning in financial markets,
there has been less interest in measuring the precision of prices as signals over future payoffs.
There is a literature that has proposed empirical measures to capture the informational content
of prices. These empirical measures have been inspired by economic models to different degrees.
Influenced by the predictions of the CAPM/APT frameworks and following the prominent
Roll (1988) presidential address, Morck, Yeung and Yu (2000) studies regressions of asset
returns on factors and informally argue that the R? of such regressions can be used to capture
whether asset prices are informative/predictive about firm-specific fundamentals. This measure,
sometimes referred to as price nonsynchronicity, has been used in several empirical studies
that link price informativeness to capital allocation. In particular, Wurgler (2000) finds that

countries with higher price nonsynchronicity display a better allocation of capital. Durnev,

2See Vives (2008) and Veldkamp (2011) for systematic reviews of this body of work.



Morck and Yeung (2004) documents a positive correlation between price nonsynchronicity and
corporate investment. Chen, Goldstein and Jiang (2006) establishes that there exists a positive
relationship between the sensitivity of corporate investment to stock prices and two measures
of the information contained in prices, price nonsynchronicity and the probability of informed
trading (PIN), concluding that managers learn from the price when making corporate investment
decisions. The PIN, developed in Easley, O’'Hara and Paperman (1998), estimates the probability
of an informed trade using high-frequency data through the lens of a model with informed and
uninformed traders. Hou and Moskowitz (2005) and Weller (2018) also propose alternative
empirical measures. In particular, Weller (2018) uses a price jump ratio to measure how much
information enters prices relative to how much is potentially acquirable at the stock level, finding
that algorithmic trading decreases the amount of information incorporated into prices. When
compared to this body of work, a central contribution of our paper lies in providing identification
results within a general environment that encompasses the class of the models most frequently
used in the theoretical literature on learning. By doing this, our results have the potential to
directly discipline theories of information and learning in financial markets.

The interpretation of the results of the empirical literature mentioned above has not gone
unchallenged. For instance, Hou, Peng and Xiong (2013) highlights that a measure like Roll’s R?
(price nonsynchronicity) lacks a structural interpretation, questioning the link between return
price nonsynchronicity and notions of price informativeness from theoretical and empirical
perspectives. Our results in this paper address the Hou, Peng and Xiong (2013) critique by
first defining and justifying a theoretical notion of price informativeness, and then showing how
to identify it and consistently estimate it.

Our work is also related to that of Bai, Philippon and Savov (2016), who consider the
question of whether financial markets have become more informative over time. Even though
their empirical approach is motivated by a theoretical model, they do not provide identification
results or show how to formally identify and estimate price informativeness in the context
of a structural model, which is a central contribution of our paper. Our results and the
recent contemporaneous work of Farboodi et al. (2020) and Kacperczyk, Sundaresan and Wang
(2020) complement each other. While our focus is to provide identification results for price
informativeness (i.e., the signal-to-noise ratio in prices) in a general framework, Farboodi et al.
(2020) seeks to understand how changes in data processing over time have altered the amount
of information (signal) incorporated in asset prices. Using our measure of price informativeness
as an input in their analysis, they conclude that the divergence in price informativeness across
stocks is due to an increase in the amount of information incorporated in prices of large, high
growth stocks driven by an increase in data processing capacity. Kacperczyk, Sundaresan and

Wang (2020) finds a positive relationship between price informativeness and the ownership



share of foreign institutional investors, using both empirical measures of informativeness and
the identification results developed in this paper. We discuss how our results relate to existing

work in more detail in Section 2.7.

2 General Framework

In this section, we first define and justify the notion of relative price informativeness, and then
show how to formally identify it and estimate it by specifying an asset pricing equation and
a stochastic process for asset payoffs. To align our results to the empirical implementation in
Section 4, we derive the main results in the body of the paper in a log-difference-stationary

environment, which allows us to sidestep concerns associated with nonstationarity.?

2.1 Baseline Environment

We consider a discrete time environment with dates ¢ = 0,1,2,..., 00, in which investors trade
a risky asset in fixed supply at a (log) price p; at each date t. We assume that the (log) payoff
of the risky asset at date t 4+ 1, z441, follows a difference-stationary AR(1) process

Arii1 = piaz + pAT + uy, (1)

where Azy = x4—x4-1, ia, is a scalar, |p| < 1, and where the innovations to the payoff difference,
ug, have mean zero, a finite variance denoted by Var[us] = 02 = 7,7}, and are identically and
independently distributed over time. Note that the innovation to the t + 1 payoff difference, uy,
is indexed by t — instead of ¢t + 1 — to indicate that investors can potentially learn about the
realization of u; at date ¢.

We assume that the equilibrium (log) price difference is given by
Apr = ¢ + poAxs + Pr1AT1 + by - DXt + PnAny, (2)

where the coefficients @, ¢g, ¢1, and ¢,, are scalar parameters and ¢y is a vector of N parameters.

We denote the vector of changes in the IV public signals observed by investors by Ay, where
Ax: = Wuy +?tAX,

. _Ax - . .
where w is a N X 1 vector and .~ is a N x 1 random vector that has mean zero, finite variance,

and is i.i.d. across time and independent of the innovations u;. We denote investors’ trading

3In the Internet Appendix, we re-derive the main results of the paper in a level-stationary environment, which
is the benchmark environment in the literature on information and learning in financial markets (Vives, 2008;
Veldkamp, 2011), and also in log-level-stationary and difference-stationary environments.



motives that are not coming from their information by An;, and allow them to be correlated

with the innovation to the payoff as follows:
_ An
Ang = pap + wug + e,

where ¢/ has mean zero and finite variance 7';711 and is i.i.d. across time and independent of the
innovations u;. As shown in Section 3, the random variable n; can be interpreted as a measure
of investors’ sentiment, risk-bearing capacity, or noise trading activity. Our timing assumes that
date t variables, in particular Axz; and w¢, are realized before the price p; is determined.

In Section 3, we show that Equation (2) emerges endogenously as the solution to several
fully specified dynamic models of trading. In that case, the model parameters can be mapped
to specific combinations of primitives. We conclude the description of the environment with the

following remark.

Remark 1. Features of the environment. Note that our baseline model allows for an arbitrary set
of public signals and for a nonzero correlation between payoff- and non-payoff related trading
motives. In Sections 2.4 and 2.5, we further allow for the possibility that payoffs have an

unlearnable component and that the price may contain information about longer horizons.

2.2 Price Informativeness: Definition and Justification

Within the environment introduced in Section 2, we now formally define and justify two related
measures of informativeness: absolute and relative price informativeness. We focus on these
notions because of their desirable properties, as we explain below. Both are commonplace in the
theoretical literature on information and learning. Absolute price informativeness is discussed
in Section 4 of Vives (2008), while relative price informativeness corresponds to the exact notion
of informativeness used in Grossman and Stiglitz (1980).* The contribution of this paper is to
provide formal identification results of both notions, and to use such results for estimation. In
Remark 6 below, we discuss the relation of these measures of price informativeness to others.
Formally, in our context, the unbiased signal of the innovation to future payoffs u; contained
in the price is the key variable of interest from the perspective of understanding how informative

asset prices are about future payoffs.” This endogenous unbiased signal, which we denote by 7,

“Relative price informativeness, as defined in Equation (4) below, exactly corresponds to Equation (17) in
Grossman and Stiglitz (1980).

°In principle, one could study whether prices are informative about other variables of interest. Studying
informativeness about future payoffs seems like a natural starting point, although in an earlier version of this
paper we explained how to adapt our approach to identify informativeness about future prices.



is given by

(Apt - (5 + 01180 + npian + (do + d1p) Azt + &y - Axt)) )

= ¢1 + Ppw
Given Equation (2),
®n
= —= (Any — uan) - 3
U’ ut+¢1+¢nw(nt HAn) (3)

defines an endogenous unbiased signal about u;, where d)li’% (An; — ay,) acts as the noise
contained in the price signal. This signal m; is unbiased because E [7;|us, Axy, Axi] = u;. Both
absolute and relative price informativeness, which we define and justify next, are the relevant
measures for an external observer who uses the asset price as a signal to learn about future asset

payoffs.

Definition. (Price informativeness)
a) Absolute price informativeness, denoted by 7 € [0,00), is the precision of the unbiased signal
about the innovation to the asset payoff contained in the asset price, given the vector of public

signals Ax;. Given Equation (2), it is formally given by

2
DO s @)

Tr = (Var [ﬂ't‘ A.’I}t+1, Aa:t, Axt])_l = ( (b

where 7, = Var [An,] ™.

b) Relative price informativeness, denoted by 72 € [0,1], is the ratio between absolute price
informativeness and the sum of absolute price informativeness and the precision of the innovation
to the asset payoff, given the vector of public signals Ay;. Given Equation (2), it is formally
given by

R Tw
T - 5
L S TulAxe ’ (5)

where TulAx = Var [Ut\ Axy, AXt]_l'

The definition of absolute price informativeness connects with the large body of work
that follows Blackwell (1953). According to Blackwell’s informativeness criterion to rank
experiments/signals, a signal is more informative than another when it is more valuable to a given
decision-maker. According to that criterion, in the environment considered here, absolute price
informativeness induces a complete order of price signals for a decision-maker with a quadratic
objective around the value of the future asset payoff.

Intuitively, absolute price informativeness measures the signal-to-noise ratio contained in
the asset price. If the price is very responsive to Axyy1, perhaps because investors trade with

very precise information about the future payoff, so ¢; is high, or their trading motives not



coming from their information are highly correlated to the future payoff, so ¢,w is high, price
informativeness will be higher. Alternatively, if the price is mostly driven by trading motives
that are orthogonal to future payoffs, perhaps reflecting investors’ sentiment, gb%Tgi will be
higher and price informativeness will be lower. When price informativeness is high, an external
observer receives a very precise signal about future payoffs by observing the change in the asset
price Ap;. On the contrary, when price informativeness is low, an external observer learns little
about future payoffs by observing the change in the asset price Apy.

The definition of relative price informativeness corrects absolute price informativeness to
account for the variability of the payoff, via 7,. This measure captures the precision of the
price signal, given by 7, relative to the sum of the prior and the signal precisions of an external
observer who only learns from the price, given by 7 +7,. When uncertainty is Gaussian, relative
price informativeness as defined in Equation (5) corresponds exactly to the Kalman gain of a
Bayesian external observer who only learns from the price, as shown in Equation (7) below. If
an external observer had additional information about the future payoff in addition to the price,
the Kalman gain that we identify would be an upper bound to the one used by such external
observer.

Relative price informativeness is an appealing object because it provides a bounded (between
0 and 1), unit-free measure of informativeness that facilitates precise quantitative comparisons.
The unit-free nature of this measure is particularly relevant when comparing informativeness
across assets with different underlying payoff distributions (i.e., different 7,), for which
comparisons of absolute price informativeness do not have a clear interpretation. In Remark
6 below, we further explain how absolute and relative price informativeness relate to other
notions of informativeness like posterior variances or forecasting price efficiency. In the body
of the paper, we focus on the identification of relative price informativeness because it is easily
interpretable and comparable across stocks. We include identification results for absolute price
informativeness in the Appendix. Going forward, to simplify the exposition, we typically refer

to relative price informativeness simply as price informativeness.

2.3 Price Informativeness: Identification

Proposition 1 introduces the main result of the paper. It shows how to combine the R-squareds
of regressions of changes in asset prices on realized and future changes in asset payoffs to recover

price informativeness.

Proposition 1. (Identifying price informativeness) Let 3, By, 1, and B2 denote the

coefficients of the following regression of log-price differences on realized and future log-payoff



differences:
Apy = B+ BoAzy + f1Azii1 + B2 - Axi + e, (R1)

where Apy = pr — pi—1 denotes the date t change in log-price, Axy = xy — x4—1 and Axiy =
1 — 1y Tespectively denote the date t and t+1 log-payoff differences, Ax, denotes the change in
public information, and where RZAz,Am/ denotes the R-squared of Regression R1. Let (, o, and
(o denote the coefficients of the following regression of log-price differences on realized log-payoff
differences:

Apr = C+ QA + Co - Axs + €5, (R2)

where RQAI denotes the R-squared of Regression R2. Then, relative price informativeness, Tf,
defined in Equation (5), can be recovered as
2 2
R RAx,A:t/ - RA.’E

Th = — . (6)
1—-R%,

Estimating Regressions R1 and R2 via OLS yields consistent estimates of RQAI,AI/ and sz.

The proof of Proposition 1 relies on identifying the right combination of parameters in the
econometric specification defined by Regressions R1 and R2 that maps into the definition of
relative price informativeness, 7/*. We show in the Appendix that a similar logic can be used to
recover absolute price informativeness. It should be evident that if one could observe the non-
payoff-related determinants of prices (n; or Any), that information could be used to directly
recover all the relevant primitives in Equations (1) and (2). The non-trivial economic content of
Proposition 1 is that if one is interested in recovering price informativeness, it is possible to do

so by relying exclusively on price and payoff information, without having to observe n; or An;.

2 2
RAx,Aac’ - RAac

/—/%
1 1 1 I
I 1 1 1
0 R2A£ RQA.’E,A.’E' 1
1—R%,

Figure 1: Interpreting relative price informativeness

Note: Relative price informativeness can be computed as the reduction in uncertainty, given by RQAIY ae — Rz,
relative to the remaining residual uncertainty about future payoffs after conditioning on the realized date ¢ payoff,
given by 1 — R3,.

Figure 1 illustrates how to interpret Equation (6). The denominator 1 — R%, can be
interpreted as the residual uncertainty about future payoffs after conditioning on the realized

date t asset payoff. The numerator RZA% A’ —R?Ax can be interpreted as the percentage reduction

10



in uncertainty about future payoffs after observing the asset price at date ¢ in addition to the
realized payoff Az;. Because RQALAm, > R%, and RQALAI, € [0, 1], it must be that 72 € [0, 1].
As we show in the Appendix, if all random variables in the model are Gaussian, a Bayesian

external observer who only learns from the price has the following posterior distribution over wuy;:
wi| Ape, Azg, Axe ~ N (rfm, (7o + 7)) (7)

where 7, 7, and 7F are respectively defined in Equations (3), (4), and (5). Quantitatively,
a relative price informativeness of, for instance, 0.15, implies that the initial uncertainty of an
external observer who only learns from the price about the innovation to the future payoff is
reduced by 15% after learning from the price — this interpretation follows from the fact that
(Te + 1)t = (1 - Tf) L

Even though we emphasize the economic identification of price informativeness, we also
address how to recover consistent estimates. When the external observer has access to public
information, the coefficient estimates in Regression R2 will be biased. The proof of Proposition
1 takes into account this bias and provides consistent estimates of relative price informativeness

as defined in Equation 5.

2.4 Unlearnable Payoff Component

So far, we have considered that all components of the payoff are learnable, that is, that there is
no systematic component of the payoff that deviates from the signals received by the investors.
However, it is plausible to think that investors can only learn about a part of the innovation
and that the remainder is unlearnable. Formally, we assume that the innovation to the payoff
is given by

Az = pag + ug, (8)

where Axyy1 = Tpp1 — T4, A, 1S a scalar, and xg = 0. Moreover, the innovation to the payoff
is given by
L
U = Uy + uf ,

where uf and u{ are the learnable and unlearnable components of the innovation. These

innovations have mean zero and variances given by

u

Vor [uf] = (n£) and Var ] ~ (20)

11



with uf L uY. The main difference between these two components is that investors only receive

private signals about the learnable component, utL Formally, each investor receives a signal
i_ L, _i . i -1
sp=u; +ey with ey ~ N (0, T, ) ,

where i, | fsgt for all i # j, uf 1 ei,, and uf L &, for all ¢ and all i. Moreover, as in Section 2,

An; = ny — ny_1 represents the change in the aggregate component of investors’ trading motives

that are not based on information about payoffs, given by An; = pa, + wul + 2", where
A 2 -1

Var [st "} =O0An = Tan:

In this case, the price process is given by
Apy = ¢ + doAzy + d1Auf + by Axi + Py

and the unbiased signal contained in the price about the learnable component of next period’s

payoff is given by

L ¢n An
+—" ¢

! ¢1 + ¢nw ¢

Then, absolute and relative price informativeness about u} are respectively given by

L _

-1
Tal = (Var [2?5?” ul ul |, Axy, Awt]> and 7R =t (9)

- .
Tul| Ay + 7L

These definitions are analogous to the ones in Equations (4) and (5) in the baseline case with
the only difference that the future payoff is replaced by the learnable component of the future
payoff, ul, and the learnable component of the current payoff, u’ |, is part of the information
set. This definition of 7} assumes that ul ; is observed at date ¢t. This is consistent with our
empirical implementation in which we map u} with the average forecast of earnings growth at
date t + 1 between t and t + 1. From this observation it follows that Proposition 1 can be

extended to the case in which there is an unlearnable component of the payoff as follows.

Proposition 2. (Identifying price informativeness with unlearnable component) Let
—u

B, By, BY, By, and B3 denote the coefficients of the following regression of log-price differences

on realized log-payoff differences and log-forecast earnings differences:
Apy =" + By Ay + Blugy + B3ug + 85 - A + e}, (R1U)

where Ap; = py — pi—1 denotes the date t change in log-price, Axy = x¢ — x+—1 denotes the
date t log-payoff difference, ul’ denotes the date t log-forecast earnings growth, and where wa,
denotes the R-squared of Regression R1U. Let C", ¢y, ¢, and (5 denote the coefficients of
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the following regression of log-price differences on realized log-payoff differences and lagged log-

forecast earnings:
Apy = C' + AT+ Cluly + ¢ Ay + ef, (R2U)

where R2 denotes the R-squared of Regression R2U. Then, relative price informativeness, TfL,
defined in Equation (9), can be recovered as

2 2

R R v — Ry

T L =

Estimating Regressions R1U and R2U via OLS yields consistent estimates of Ri?u, and R2.

2.5 Longer Horizons

Alternatively, one may be interested in understanding the behavior of price informativeness over
different horizons. In particular, when investors may have information over changes in future

log asset payoffs, the process for the (log) price difference can be modeled as

M

m=1

for M > 1, where

m—1
—_ 2 : l
A.%'?l = Ti4m — T = A.Z't + Ut4+m—1
=1

is the cumulative growth between ¢ and ¢t + m and the process for Ax;y; is given by Equation
1. In this case, the price contains information about payoff changes at different horizons. More
specifically, the unbiased signal about the change in the fundamental m periods ahead, Az}",

contained in the price p; is given by

m — 1
O+ S0y e DL,

M
(Apt — &+ oAzt — Gnpian — Y @i (Afvi - Kfnﬁﬂﬂl”))

I=1,l#m

where K! = Cov [A:C;”,Axﬂ Var [Az"]" = Var [A:cinin{ml}} Var [Az] 7. Then, absolute

price informativeness about the growth in the payoff m periods ahead is given by

™ = (Var [77| Az, Azy, Ay]) ™"
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and relative price informativeness about Az}* is given by

m
mR Tr
Tr

S
Tp—i_TAm%ﬂAx
where 7A,m = Var [Az"| Axy, Axel.

Az |Ax t y X

Proposition 3. (Identifying price informativeness at longer horizons) Let 8", By, B,
and 35" denote the coefficients of the following regression of log-price differences on realized and

future log-payoff differences and public signals:
Apy = B" + B Awy + BT Az + B3 - Ay + €], (R1m)

where Apy = py — pi_1 denotes the date t change in log-price, Axy = x¢ — x_1 and
Az]* = Ty — ¢ Tespectively denote the date t and the cumulative t +m log-payoff differences,
Ax; denotes the change in public information, and where R2Ax,Aa:m denotes the R-squared of
Regression 3. Let C, (o, and (o denote the coefficients of the following regression of log-price

differences on realized log-payoff differences and change in public information:
Apr = C+ A+ G- Axi +ef, (R2)

where RQAx denotes the R-squared of Regression R2. Then, relative price informativeness, TTTR,

defined in Equation (5), can be recovered as

R? m — R2
T:rnR = Az,Az 3 Az . (12)

An important observation from Proposition 3 is that whether investors have information
about payoff growth rates further out in the future does not invalidate of our approach to learn
about the one-period ahead payoff growth. This is easily shown by noting that Proposition 1

can be obtained from Proposition 3 by setting m = 1.

2.6 Price Informativeness: Remarks

We qualify and interpret our results in the following four remarks.

Remark 2. Observability of public signals. If the external observer from whose perspective one
is computing price informativeness only learns from the price and does not observe the public

signals, absolute and relative price informativeness are respectively given by given by

¢1+¢nw+¢x'w
Pn

Tr

2
Tr = (Var [Wt‘ A$t+1, Axt])*l = ( ) TAn, and 7'7{_% =

Tr + Tu
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In this case, price informativeness can be recovered by dropping the public signals Ay; from

Regressions R1 and R2 and following the procedure in Proposition 1.

Remark 3. Usefulness of price informativeness measures. From a practical standpoint, our
results are useful to test predictions in models with dispersed information. For instance, our
results open the door to provide model-consistent tests of the results in Kacperczyk, Nosal and
Sundaresan (2020), who theoretically characterize the relation between institutional ownership
and price informativeness, or Dévila and Parlatore (2021), who theoretically characterize the
relation between trading costs and price informativeness. Moreover, while the precise relation
between price informativeness and welfare remains an open question in general — despite some
recent attempts in particular environments, see e.g., Angeletos and Pavan (2007, 2009), Vives
(2017) and Pavan, Sundaresan and Vives (2022) — we hope that showing how to identify and
estimate price informativeness leads the way to making empirically-based statements about

social welfare in the future.

Remark 4. Informativeness vs.  predictability. Even though price informativeness and
price/return predictability may seem closely connected, they are conceptually different notions.
Given our assumptions, Proposition 1 shows that running regressions of prices, which are
endogenous, on future payoffs, which are exogenous, allows us to recover price informativeness
consistently. This entails running a regression of a date ¢ variable, Ap;, on a future explanatory
variable, Axsy1, which contrasts with the well-established literature on return predictability
(Cochrane, 2005; Campbell, 2017).

Remark 5. Payoff interpretation. At the level of generality considered here, the payoff variable
x¢ could in principle represent any variable that satisfies Equations (1) and (2). That is, even
though it may seem that, for instance, dividends are the most natural payoff measure, the results
derived so far are agnostic about the exact nature of the payoff variable. We use this logic to
justify the choice of earnings, instead of dividends, as the payoff measure in the empirical
implementation of the results in Section 4. This observation may open the door to a higher

frequency implementation of our results as data become increasingly available.

2.7 Comparison to Existing Literature

There are two significant differences between our approach and the approach in, for instance,
Bai, Philippon and Savov (2016): i) we focus on relative price informativeness, in contrast to
forecasting price efficiency (F'PE) introduced in Bond, Edmans and Goldstein (2012), and ii)
we provide formal identification results, which shapes our estimation approach based on time

series regressions. The following two remarks elaborate on these differences.

Remark 6. Alternative measures of informativeness. The notions of absolute and relative price
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informativeness defined above can be related to other variables that have been used to make
inferences about the informational content of prices. In particular, our measures of price
informativeness are linked to i) the posterior variance of the future payoff conditional on the
price and the current payoff, given by Vp = Var [us| Apy, Azy] and ii) forecasting price efficiency
(FPE), given by Vppg = Var [E [u] Aps, Axy]], as defined in Bond, Edmans and Goldstein
(2012), through the Law of Total Variance, as follows

Var [u| Axy, Axe] = E | Var [ug] Apy, Axy, Axe]| Az, Axy | +Var [E [ug] Apy, Azy, Axe]| Azy, Axe]

1 Vp VFPE
u|Axy

While Vp corresponds to the residual uncertainty about future payoffs after observing the
price, Vppg measures the variation of the expectation of future payoffs after observing the price.
When uncertainty is Gaussian, for a Bayesian external observer who only learns from the price,

both variables correspond to

1 1—7Ek T, 1 TR
VP =5 = T and VFPE = ul = s . (13)
Tr + Tu|Axe Tu|Axt T + Tu|Ax: Tu|Axs Tu|Axt

Equation (13) illustrates how both Vp and Vppg inherit the units and scale of the volatility

about future payoffs, 7, 1.

R

T

In contrast, as we establish above, relative price informativeness,
is a bounded, unit-free measure of informativeness. These properties give relative price
informativeness a clear economic interpretation that is independent of the environment analyzed.

To see this, note that
R _ Var [E [Ut| Apt, A.%'t, Axt]]

T = Var [u¢| Axe, Axy]

Therefore, relative price informativeness measures the expected reduction in uncertainty about
the innovation to the payoff u; after observing the change in price Ap;.

If the objective is to derive theoretical predictions, the difference in units of these measures
should not be a concern, since there is a one-to-one mapping between all these notions for a
given 7,. However, when looking at the data, changes in Vp or in Vgpg can be driven either
by changes in the information contained in the price 72 or by the volatility of the payoff 7,.
Therefore, when making comparisons across assets or time periods, it seems desirable to use a
notion of informativeness that does not depend on the volatility of payoffs, hence our preference
for 7.

Equation (13) also highlights that linking Vp or Vppg to the precision of the information

contained in prices requires making assumptions on distributions of priors, signals, and updating

procedures. For instance, to compute a posterior variance (Vp) it is necessary to take a stance
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on whether updating is Bayesian or not. Hence, the upshot of working with absolute and relative
price informativeness is that these notions do not require us to make assumptions on how an

external observer updates or on the shape of the underlying distributions.®

Remark 7. Identification results: time-series vs. cross-sectional regressions. Since the definition
of relative price informativeness in Section 2.2 is based on the precision of the price as a signal
over payoffs at different states of nature, and given the assumption that all underlying parameters
are time-invariant, our identification results in Propositions 1, 2, and 3 are based on time-
series regressions. Therefore, our identification results apply to time-series regressions, which
we then implement for a specific stock over a specific time period, as described in Section 4. To
account for the potential of time-varying parameters, we run rolling time-series regressions in
our empirical implementation.

One could conceive deriving identification results based on cross-sectional regressions of
changes in asset prices on changes in asset payoffs using data for multiple stocks at a given
point in time. For this alternative approach to be valid, it would be necessary to assume that
all underlying parameters (including the distributions of payoffs, signals, and noise) are the
same for all stocks at a given point in time. In that case, a cross-sectional regression would
recover a single measure of price informativeness — identical across all stocks since that is the
identification assumption. This is a highly implausible scenario, both conceptually, since there
is no prior reason for informativeness to be identical across all stocks, but also empirically, as

we we show direct evidence that the distributions of payoffs across stocks differ.

3 Structural Models

We have shown in Section 2 that it is sufficient to specify an asset pricing equation and a
stochastic process for asset payoffs to identify price informativeness. In this section, we explore
several fully specified environments that are consistent with Equations (1) and (2). First, we
study a model in which investors have private signals about future payoffs and orthogonal trading
motives in the form of random priors (sentiment). Subsequently, we study a representative agent
model similar to those used in the macro-finance literature. Finally, we study a model with
informed and uninformed investors, as in the classic literature on information and learning.” To
simplify the analysis and to keep it closer to the existing theoretical literature, the price is the

only public signal observed by the investors in this section.

SFormally, while finding the precision of the unbiased signal about the innovation to the asset payoff contained
in the asset price, Var [m¢| ut, Az, Axe], does not require making distributional assumptions beyond the existence
of second moments, finding a posterior variance like Var [u¢| Apt, Az, Ax:] does require such assumptions.

"In the Internet Appendix, we present conditions on investors’ asset demands that are sufficient to generate
an asset pricing equation of the form assumed in Equation (2).
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The results in this section have a dual purpose. First, these applications show that
our identification results apply to economies i) with or without dispersed information among
investors, ii) with time-varying risk aversion/risk-premia, iii) in which investors may or may not
learn from prices, and iv) in which noise may arise from different sources. These applications
are particularly useful to highlight that our approach does not take a stance on the source
of the aggregate noise. Second, these applications allow us to provide a structural economic

interpretation of the empirical results presented in Section 4.

3.1 Sentiment as Noise

We start by considering a model in which investors’ sentiment is the source of noise in the price.
Starting from primitives allows us to understand which assumptions on investors’ behavior

endogenously determine an equilibrium pricing equation of the form assumed in Section 2.

Environment We consider a tractable overlapping generations model. Time is discrete, with
dates denoted by t = 0,1,2,...,00. The economy is populated by a continuum of investors,
indexed by i € I, who live for two dates. Each investor i is born with wealth wj and has
well-behaved expected utility preferences over his terminal wealth w}, with flow utility given by
Ui (w}), where U/ (-) > 0 and U/ (-) < 0. We assume that the distribution of initial wealth is
bounded and i.i.d. across time and investor types.

There are two long-term assets in the economy: a risk-free asset in perfectly elastic supply,
with gross return R/ > 1, and a risky asset in fixed supply @, whose date t (log) payoff is
x¢y = In (X;) and which trades at a (log) price p; = In (P;). The process followed by x; is given
by

Azi1 = piag + ug, (14)

where Az = x4r1 — T, pag is a scalar, and xg = 0. The realized payoff x; is common
knowledge to all investors before the price p; is determined. The realized payoff at date ¢ + 1,
Z¢41, is only revealed to investors at date ¢ + 1. Note that Equation (14) is a special case of
Equation (1) when p = 0. We focus on the p = 0 case to simplify the exposition.

We assume that investors receive private signals about the innovation to the risky asset

payoff. Formally, each investor receives a signal about the payoff innovation u; given by
st =wup+¢t, with ¢\, ~N (O,Ts_l) )

where i, 1 &/, for all i # j, and u; L &%, for all ¢ and all 4.
We also assume that investors have additional private trading motives coming from

heterogeneous priors that are random in the aggregate. This is a particularly tractable
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formulation that sidesteps many of the issues associated with classic noise trading while still
preventing full revelation of information — see Davila and Parlatore (2021) for a thorough
analysis of this formulation, which extends the classic DSSW model (De Long et al., 1990) to
incorporate learning from prices. Formally, each investor ¢ born at date ¢ has a prior over the

innovations to the payoff difference u; given by
N =i —1
Ut ~it (ntﬂ'u ) )

where

i ; . ;iid —
me=ny +et, with b, ¥ N (O,Tﬁ 1) ,

and
Ang = pap + 6?” with 5?” ~ N (0, T&}L) ,

where ng = 0, pua, is a scalar, and where atA" L e%t for all ¢t and all . The variable n;, which
can be interpreted as the aggregate sentiment in the economy, is not observed and acts as a
source of aggregate noise, preventing the asset price from being fully revealing. Without loss of
generality, we assume that uzs ~;¢ N (0,7, 1) for all s > 0.8

Each investor ¢ born at date ¢ optimally chooses a portfolio share in the risky asset, denoted
by 6, to solve
max [} [Ui (wi)} (15)

subject to a wealth accumulation constraint

) /X P, .
wi = (Rf + 6 (t“;;t“ - Rf)> w, (16)

where the information set of an investor i in period ¢ is given by Z} = {si,ﬁf;, {Xshocts {Ps}sgt}'

Definition. (Equilibrium) A stationary rational expectations equilibrium in linear strategies
is a set of portfolio shares 0} for each investor i at date ¢ and a price function P; such that: i) 6
maximizes the investor i’s expected utility given his information set and ii) the price function

P is such that the market for the risky asset clears at each date ¢, that is, [Qlwidi = Q.

In this class of models, it is well known that it is not possible to characterize in closed-form

the portfolio problem solved by investors and the equilibrium price — see e.g., Vives (2008).

8To simplify the analysis, we assume that investors do not learn from their priors and that the signals and
priors are identically distributed across investors. Our results can be easily extended to allow for heterogeneity
in 75, Ty, and 75.

9Tt is well known that dynamic rational expectation models may feature multiple equilibria. Our approach is
valid for any given equilibrium that may arise.
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However, we show that it is possible to find a closed-form solution to the model in approximate

form.

Equilibrium Characterization In the Appendix, we show that the risky asset demand of

an investor ¢ at date ¢t can be approximated as

1 ko + k1Ej [pryr — @] + Bf [Azy ] — (pr — @) — S

Oi ~ — - )
Y Var} [k1 (pr+1 — Ti41) + Axi1]
where +' = —W, rl =1n (Rf ), and ko and kq are scalars defined in the Appendix.
7 0

As we show in the Appendix, taking a first-order log-linear approximation of the first-order

condition, the portfolio choice of investor ¢ in period ¢ can be approximated by
0 ~ awy + ags; + o — appy + Y

)
ns

i

where the coeflicients o, o,

at, and a; are positive scalars that represent the individual
demand sensitivities to the contemporary payoff, the private signal, the private trading needs,
and the asset price respectively, and 1) can be a positive or negative scalar that incorporates the
risk premium. These coefficients are time invariant since we have assumed that the distribution
of investor types is time invariant and the wealth distribution across time and investor type is
i.i.d. Using the market clearing condition with this approximation and the information structure
described above yields a log-linear approximated price given by

pt%z$t+zut+znt+i
where @y, = [ a%wédi denotes the wealth-weighted cross-sectional average of a given coefficient
aﬁl and ¢ = [lwjdi — Q. Using this expression, we can map the equilibrium price process in
the model to the one assumed in the general framework.

First, we take a first-order Taylor expansion of an investor’s future marginal utility U’ (wi)
around the initial wealth level wj. Second, we impose that terms of order (dt)Q, that is, terms
that involve the product of two or more net interest rates, are negligible. Third, as in Campbell
and Shiller (1988), we take a log-linear approximation of returns around a predetermined
dividend-price ratio. Finally, we assume that the joint distribution of demand sensitivities

and risk aversion is time invariant.

Lemma 1. The price process assumed in Equation (2) in the general framework in Section 2

can be obtained endogenously as an approximation of the equilibrium price process in the model
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described in this section, i.e., the equilibrium price process is given by
Ape = ¢+ doAws + P1ATe 41 + PrAny,

< and ¢, = = are determined in equilibrium.
P

where the coefficients ¢ = 0, ¢g = % —

[e?

2|17

‘;(Z)l:

94

bS]
bS]
S

Lemma 1 and the payoff process assumed in this section imply that all the identification
results derived in the general framework in Section 2 can be applied in the context of the
fully specified model derived in this section. This connection allows us to give a structural
interpretation to the coefficients recovered from Regressions R1 and R2.

For example, the sensitivity of the price to the future payoff, ¢1, is given by ratio of the
(wealth-weighted) averages of individual demand sensitivities to information and price g;;
Therefore, the more weight individual investors put on their private signals, the more sensitive
the price will be to the future payoff and, everything else equal, the higher price informativeness
will be (higher RQA% A —R%,)- Analogously, when investors put more weight on their orthogonal

trading motives, i.e., high @, the price will be more sensitive to the aggregate sentiment and,

all else equal, price informativeness will be lower (lower RQAz, Ayl — RQAx).

3.2 Representative Agent

In this section, we show how to map the canonical representative agent model widely used in
macro asset pricing to the setting in Section 2. This application shows that our identification
results do not rely on assuming dispersed information across investors and can accommodate

time-varying risk aversion.

Environment Suppose there is one representative agent in the model with sentiment
introduced in the previous section, 3.1. This is the same as having all investors ¢ € I receive the
exact same signal,

si =u +e5 with e ~N (0,7’;1> ,

have the same prior, u; ~; N (ng, 7,7 '), where
Ny = Ng + Ext with Ent I'E‘i N (0, 7'%1) y
and have the same initial endowment wealth, wj = wo, and utility, v* = 7.

Equilibrium Characterization In this case, the log-linearly approximated price is equal to

Qg Qs Qp_
P~ —x+ —S¢+ —ng+ —,
Qp Qp Qp Qp
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where the coefficients o, as, oy, and o, are demand sensitivities and ¢ is a constant.

Since all investors receive the same signal s; and have the same prior 7;, there is no
asymmetric information among investors in the model and, therefore, investors do not learn
from the price. However, the price contains information about the innovation u; for an external

observer who only learns from the price. The equilibrium price can be rewritten as

T Y

Qg ag Qp
PR —x+ —Uu+ —Egq+ —Np + —.
Qp Qp Qp Qp Qp
From the perspective of an external observer, there are two sources of noise that prevent the
change in the price from being fully revealing: the noise in the signal e; and the investors’ prior
7;. It is easy to map the representative agent model into the framework developed in Section 2,

as the lemma below shows.

Lemma 2. The price process assumed in Equation (2) in the general framework in Section 2
can be obtained endogenously as an approximation of the equilibrium price process in the model

described in this section, i.e., the equilibrium price process is given by
Apy = ¢ + poAxy + Pr1Az 1 + Gp Ay,

where the coefficients ¢ = 0, g9 = o= — =, ¢1 = o=, and ¢, = F= are equilibrium outcomes,
P P p P

and where Ay = Any + g—zAsst.

As in the previous section, Lemma 2 and the payoff process assumed allow us to apply all
the identification results derived in Section 2 within the representative agent model. This shows
that the price process in Equation (2) also encompasses models in which all investors share the
same information and there is no learning from the price. In fact, our general framework does
not require information to be dispersed in the economy and it can accommodate environments
with and without learning.

Finally, it is worth highlighting that it is easy to introduce time-varying risk aversion in this
framework — this would imply assuming that v and consequently ¢ vary over time, as «; and

1. In that case, time-varying risk aversion manifests itself as another source of noise.

3.3 Informed, Uninformed, and Noise Traders

Noise traders are a widely used modeling device in environments with dispersed information
to avoid dealing with fully revealing equilibria. The general framework in Section 2 applies
to settings with noise traders. This application highlights that our identification results
accommodate different forms of noise, which allows us to remain agnostic about the source

of noise in the economy.
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Environment Suppose that we are in the same model developed in Section 3.1 with the only
difference being that there are three types of investors: informed, uninformed, and noise traders.
Informed and uninformed investors share the same prior and only differ in the information they
receive. Informed investors receive a perfectly informative signal of the innovation to the payoff.
Uninformed investors and noise traders do not receive any signals. Mapping this to the model in
Section 3.1 implies that the prior distribution of the innovation wu; for informed and uninformed

investors is

— -1
Ut ~j N (ntaTu ) )

where 7; N (0, To 1) and the precision of the signals for informed investors is 75; = oo and for
uninformed investors is 74 = 0.

Finally, noise traders have private trading motives that are orthogonal to the innovation
to the payoff — these are the sole drivers of their demand. Formally, the demand of all noise
traders in period t is random and given by §; ~ N (0, 7'];1). The noise trader demand is only

observed by noise traders.

Equilibrium Characterization In this case, the first-order log-approximated price is

[ s an P9
PP AT A A a7)
Qp Qp Qp Qp  Qp
where o, = [y a};wédi denotes the wealth-weighted cross-sectional average of aﬁl over the set

of informed and uninformed investors with ! = 0 for all uninformed investors, a!, = 0 for all

informed investors, and ¢ = [} 'widi — Q.

Lemma 3. The price process assumed in Equation (2) in the general framework in Section 2,
can be obtained endogenously as an approximation of the equilibrium price process in the model

described in this section, i.e., the equilibrium price process is given by

App & ¢ + goAxy + d1AT 141 + GpAiiy,

where the coefficients ¢ = 0, ¢g = g; — %, o1 = %, and ¢p, = 2= are equilibrium outcomes and
P P P P

Aﬁ,t = Aﬁt + %A(gt.

n

Lemma 3 shows that all our identification results in Section 2 remain valid within the classic
information model in Grossman and Stiglitz (1980) with inelastic noise traders. Within the
model, only uninformed investors learn from the price and the only source of noise for them is
the noise trader demand. However, for an external observer who only learns from the price there

are two sources of noise embedded in the change in the price. The change in the noise trader
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demand Ad; and the change in the prior of the investors Am;. Defining An; = Amny + %Aét
allows us to clearly map this model into the general framework developed in Section 2. This
lemma together with the results in the previous two sections show that the price process assumed
in our general framework can accommodate different sources of noise that prevent the price from

being fully revealing for an external observer.

4 Empirical Implementation: Stock-Specific Price Informative-

ness

In this section, we use our identification results to construct and analyze measures of stock-
specific relative price informativeness. We exclusively report estimates of relative price
informativeness since — as shown in Section 2 — these allow for meaningful and easily
interpretable comparisons across stocks and over time. We recover a panel of stock-specific
measures of price informativeness by running rolling time-series regressions at the stock level.
In the next three subsections, we present our estimates based on Propositions 1, 2, and 3,

respectively.

4.1 Baseline Environment

This subsection implements the results in Proposition 1.

Data Description and Empirical Specification We initially provide a brief description
of the data and the sample selection procedure. The Internet Appendix includes a more
detailed description. We obtain information on stock prices and accounting measures from the
CRSP/Compustat dataset, as distributed by WRDS. Our sample selection procedure follows
the conventional approach described in Bali, Engle and Murray (2016). From the Center for
Research in Security Prices (CRSP), we obtain data on stock prices, market capitalization,
turnover, S&P500 status, and industry (SIC) classification for all common US-based stocks
listed on the NYSE, NASDAQ, and AMEX. From Compustat, we obtain accounting data that
includes earnings and book values, at both quarterly and annual frequencies. From Institutional
Brokers’ Estimate System (IBES), we obtain measures of analyst coverage.

Our analysis uses quarterly data, available from 1966 until 2017. To match the timing of our
model and to ensure that the accounting data were public on the trading date, we merge the
Compustat data with CRSP data three months ahead, although our findings are robust to using
alternative windows. We use the personal consumption expenditure index (PCEPI), obtained

from FRED, to deflate all nominal variables.
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We implement Proposition 1 by running time-series regressions for each individual stock —
indexed by j here — using year-on-year changes with overlapping data over rolling windows
of 40 quarters. By working with the model in log-differences, we sidestep concerns associated
with failures of stationary — see e.g., Campbell (2017). Considering year-on-year changes deals
with seasonality concerns. The use of rolling regressions makes the underlying assumption of
parameter stability over a given estimation window more plausible.

We denote by p{ the log price of stock j, adjusted for splits. We use earnings — as measured
by EBIT — as the relevant measure of payoffs, since stock-level measures of dividends are
problematic for different reasons. As discussed in Section 2, our model can be flexibly interpreted
to use earnings as the payoff measure. Since earnings can be negative, we compute A:c{ as the
log year-on-year growth rate scaled by book equity (difference operators A are year-on-year) .

Formally, in a given rolling window, we run time-series regressions of the form

Apl =B + B Ax] + BlAz] , + Bl Awl +e] = RA A, (18)
Apl = + A +¢ Al v = RY, (19)

where Ap! is a measure of capital gains, Az’ and its one-year ahead counterpart Am{ 44 are
measures of earnings growth, and w]'? denotes a given set of controls/public signals. We use
the following firm-specific variables as public signals for all stocks: i) profitability, ii) dividend
ratio, iii) asset growth, and iv) market beta, following Koijen and Yogo (2019). Profitability
corresponds to the total operating profits divided by book equity and the dividend ratio to the
sum of total dividends over the past year divided by book equity. We estimate the regression
coefficients and errors using OLS. We respectively denote the R-squareds of the regressions
(18) and (19) by Rifc’ Ap and the Ri{c. Hence, Regression R1 maps to Equation (18), while
Regression R2 maps to Equation (19).

Consistent with Proposition 1, we recover relative price informativeness for stock j in a given

period/window from Equations (18) and (19) as follows:

2,j 2,j
R,j RAI,Ax/ - RA{E
Tﬂ-’ - 1 R27.]
T Ax
After restricting our results to stocks with contiguous observations and whose maximum
leverage score across observations is lower than 0.95, we end up with a panel of price

10

informativeness measures for 4063 unique stocks.”” We have explored alternative criteria to

deal with outliers or abnormal observations — for instance, restricting the set of observations

10We compute leverage scores as the " diagonal element of the projection matrix of the observations. Leverage
scores describe the influence that each value of the dependent variable has on the fitted value for that same
observation.
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Figure 2: Price informativeness: relative-frequency histogram

Note: Figure 2 shows a relative-frequency histogram of price informativeness for a representative time period,
the last quarter of 2015. The histogram features 1,398 stocks.

to those with ﬁ{ € [0,1] — but this does not change our conclusions.'!

Table 1 reports year-by-year summary statistics (every five years) of the distribution of stock-
specific price informativeness, starting in 1985. Throughout the paper, informativeness in year
t is computed over a rolling window of 40 quarters prior. We illustrate our results graphically
in Figure 2, which presents a relative-frequency histogram of price informativeness for a specific
time period (last quarter of 2015). The shape of this histogram is representative of other periods.

We find that the distribution of informativeness across stocks is right-skewed, with time-
series averages of the median and mean levels of price informativeness across all stocks and years
respectively given by 4.47% and 8.54%. Because the distribution of informativeness is skewed,
the median is often perceived as a better measure of central tendency. The 95% percentile
of the distribution stays below 0.34, which means that an external observer who only learns
from the price would rarely put more than a one-third weight on the price when updating his
beliefs to form a posterior over future payoffs. Since we have included additional controls in
the regressions, our results should be interpreted as the price informativeness for an external
observer who observes prices, past payoffs, and the public signals included as controls. We

present results excluding the additional controls in the Internet Appendix, which correspond

"The fraction of stocks with negative ﬂ{ coefficients is between 35% and 45% in any given rolling window.
Although there are models that can rationalize this, negative 7 coefficients can also be a sign of model
misspecification.
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to estimates of informativeness from the perspective of an external observer who only observes

prices and past payoffs.

Price Informativeness in the Cross Section By computing stock-specific measures of
price informativeness, we are able to establish a new set of cross-sectional patterns relating price
informativeness to stock characteristics. We focus on six stock characteristics that have been
widely used to explain patterns in the cross section of stock returns — see, e.g., Bali, Engle and
Murray (2016). These are i) size, measured as the natural log of stocks market capitalization,
ii) value, measured as the ratio between a stock’s book value and its market capitalization, iii)
turnover, measured as the ratio between trading volume and shares outstanding, iv) idiosyncratic
volatility, measured as the standard deviation — over a 30 month period — of the difference
between the returns of a stock and the market return, v) institutional ownership, measured as
the proportion of shares held by institutional investors, and vi) analyst coverage, measured as
the number of analysts covering the stock in IBES data. Since the last two variables are heavily
correlated with size, we also provide results on institutional ownership and analyst coverage
orthogonalized to size.

In Table 2, we report the estimates of panel regressions of relative price informativeness (in
twentiles) on each of the six explanatory variables, using year fixed effects. The coefficients
that we report can be interpreted as a weighted average of the slopes of running year-by-year
regressions of price informativeness of a given explanatory variable (size, value, turnover, return
volatility, institutional ownership, analyst coverage). Figures IA-2 through IA-6 in the Internet
Appendix provide an alternative graphical illustration of our results. These figures show that
the cross-sectional relations identified in Table 2 are stable over time. The last two rows of Table
2 report the estimates of panel regressions of the residual relative price informativeness after
controlling for size on institutional ownership and analyst coverage.

Our cross-sectional analysis yields several robust patterns. First, we find a strong positive
cross-sectional relation between a stock’s size (market capitalization) and price informativeness;
that is, large stocks have higher price informativeness. Second, we find a negative cross-sectional
relation between a stock’s book-to-market ratio and price informativeness; that is, value stocks
have lower price informativeness. Third, we find a strong positive cross-sectional relation between
a stock’s turnover and price informativeness; that is, stocks that trade frequently have higher
price informativeness. Fourth, we find a positive cross-sectional relation between a stock’s
idiosyncratic return volatility and price informativeness; that is, stocks whose returns are more

12

volatile have higher price informativeness. We also find a strong positive cross-sectional

2Dgvila and Parlatore (2023) provides a systematic analysis of the relation between volatility and price
informativeness.
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relation between a stock’s institutional ownership share and price informativeness, that is, stocks
owned mostly by institutional investors have higher price informativeness. Finally, we find that
price informativeness is strongly positively correlated with analyst coverage, that is, stocks that
are covered by more analysts have higher price informativeness.

Institutional ownership and analyst coverage are highly correlated with the size of the stock.
When we look at the correlation between price informativeness and institutional ownership and
analyst coverage beyond that implied by size, we find that the positive correlation between
price informativeness and institutional ownership and the correlation between analyst coverage
and price informativeness decrease substantially. These results are consistent with institutional
ownership being driven by passive investors or investors that are focused on the long run and it
suggests that while analysts may help to incorporate information into the price, most investors
trading large stocks do not rely on analysts as their main source of information. Finally, if one
thinks of large and high turnover stocks as being cheaper to trade, in the sense of price impact
being lower, it makes sense that informed investors would gravitate towards them when choosing
which stocks to learn about and hence, increase the price informativeness. At the same time,
highly liquid stocks may have a different investor base that is more focused on the short run,
which would also lead us to expect the correlations we observe.

Figures 3 and 4 illustrate additional cross-sectional patterns of the behavior of informa-
tiveness by exchange, S&P 500 status, and sector. Instead of focusing on mean or median
comparisons, we find it more informative to graphically compare the distributions of informa-
tiveness by characteristic after extracting year fixed effects. Even though the distributions of
informativeness differ across characteristics, the relations seem less strong than those identified
in Table 2. First, we compare across exchanges and find that stocks listed in the NYSE have
higher median informativeness than those in the NASDAQ, which appear to be as informative as
those listed in the AMEX. Second, we study whether price informativeness varies among stocks
that belong to the S&P500 and those that do not. Consistent with our findings on size, we find
that stocks outside of the S&P have lower price informativeness on average. Finally, we study
the behavior of price informativeness across sectors. Median price informativeness is highest in

the manufacturing and wholesale/retail sectors and lowest in the service sector.

Price Informativeness over Time: Aggregate Results An advantage of computing stock-
specific measures of price informativeness is that it allows us to study how the distribution of

stock-specific price informativeness evolves over time.'? Table 1 can be used to infer the time

130 keep the paper focused, we exclusively study the behavior of the panel of stock-specific price informativeness
measures. There is scope to apply our approach to aggregate data in order to generate a time-series of aggregate
price informativeness. There is also scope to further explore the time series evolution of informativeness after
grouping stocks by characteristics, as we discuss in the next section.
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Table 1: Price informativeness: year-by-year summary statistics

t Median Mean SD  Skew Kurt P5 P25 P75 P95 n

1985 0.0492 0.0885 0.1105 2.0898 4.7510 0.0010 0.0116 0.1146 0.3110 360
1990 0.0407 0.0779 0.0952 2.0233 4.5793 0.0020 0.0127 0.1063 0.2777 728
1995 0.0304 0.0648 0.0845 2.3804 7.8812 0.0010 0.0092 0.0903 0.2358 1118
2000 0.0501 0.0878 0.1021 1.9424 4.7537 0.0020 0.0140 0.1235 0.2913 1095
2005 0.0470 0.0852 0.1045 2.1060 5.4419 0.0012 0.0112 0.1200 0.2957 1256
2010 0.0474 0.0924 0.1105 1.7832 3.3741 0.0014 0.0125 0.1335 0.3399 1458
2015 0.0484 0.0918 0.1101 1.8070 3.5715 0.0013 0.0133 0.1314 0.3284 1476

Note: Table 1 reports year-by-year summary statistics (every five years) on the panel of price informativeness
estimates. It provides information on the median; mean; standard deviation; skewness; excess kurtosis; and 5th,
25th, 75th, and 95th percentiles of each yearly distribution, as well as the number of stocks in each year. This

table averages the quarterly measures of price informativeness for a given year before computing the summary
statistics.
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Figure 3: Cross-sectional results (2)

Note: The left panel in Figure 3 shows a box plot by exchange of the residuals of a regression of relative price
informativeness on year fixed effects. The left panel in Figure 3 shows a box plot by S&P 500 status of the
residuals of a regression of relative price informativeness on year fixed effects. The solid middle line represents
the median. The top and bottom of the box represent the 75th and 25th percentiles. The whiskers extend up to
1.5 times the interquartile range.
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Table 2: Cross-sectional results (1)

Estimate Std. Error t-stat

Size 0.004667  0.000284 16.45
Value -0.010120  0.000820 -12.34
Turnover 0.001103  0.000042 26.04
Idiosyncratic Volatility 0.038921  0.012887 3.02

Institutional Ownership 0.058937  0.001906 30.92
Analysts Covering 0.002218  0.000121 18.26
Institutional Ownership (Residualized) 0.007705  0.000621 12.41
Analysts (Residualized) 0.000061  0.000030 2.06

Note: Table 2 reports the estimates (aAf) of panel regressions of price informativeness on cross-sectional
characteristics (in twentiles) with year fixed effects (&:): T::’tb = a§ + a$cd + & + epr, where 7P denotes the
average price informativeness per bin (twentile) in a given period, % denotes the value of the given characteristic
per bin (twentile) in a given period, & denotes a year fixed effect, a§ and af are parameters, and € is an error
term. Figures [A-2 through IA-6 provide the graphical counterpart of the results in this table. Size is measured
as the natural log of stock market capitalization, value is measured as the ratio between a stock’s book value
and its market capitalization, turnover is measured as the ratio between trading volume and shares outstanding,
idiosyncratic volatility is measured as the standard deviation — over a 30 month period — of the difference
between the returns of a stock and the market return, institutional ownership is measured as the proportion of a
stock held by institutional investors, and analyst coverage measured as the number of analysts covering the stock
in a given quarter. The last two rows provide the estimates of the residual of price informativeness on size on
institutional ownership and analyst coverage.

evolution of the distribution of informativeness. To better illustrate the results, we show the
behavior of the median, mean, and standard deviation of the cross-sectional distribution of
informativeness between 1985 and 2017 graphically in Figure 5.

We find that both the median and the mean of the distribution of informativeness feature
increasing trends. The median moves from roughly 4% to 4.5% between 1985 and 2017, while the
mean moves from roughly 7.5% in 1986 to roughly 9% by 2017. We also find that the standard
deviation of informativeness has a positive long-run trend in our sample. In this case, there are
spikes in the cross-sectional standard deviation of informativeness around the early 2000’s and

the global financial crisis of 2008 — other measures of dispersion have similar behavior.

143We start our analysis in 1985 due to small sample sizes in prior years.
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Figure 4: Cross-sectional results (3)

Note: Figure 4 shows a box plot by one-digit SIC industry code of the residuals of a regression of relative price
informativeness on year fixed effects. The solid middle line represents the median. The top and bottom of the
box represent the 75th and 25th percentiles. The whiskers extend up to 1.5 times the interquartile range.
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Figure 5: Price informativeness over time: aggregate results

Note: The left panel in Figure 5 shows the time-series evolution of the cross-sectional mean and median relative
price informativeness. The right panel in Figure 5 shows the time-series evolution of the cross-sectional standard
deviation of price informativeness. The red dashed lines show linear trends. In both panels, the dots correspond
to the average within a quarter of the price informativeness measures computed using year-on-year changes and
overlapping quarterly data.
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Price Informativeness over Time: Cross-Sectional Characteristics We also study the
evolution of the distribution of stock-specific price informativeness over time across the six
stock characteristics described above: size, turnover, value, idiosyncratic volatility, institutional
ownership, and analyst coverage. Figure 6 shows the average and the standard deviation
of the top and bottom halves of the distribution of price informativeness along each of the
characteristics.

We find that the gap in price informativeness among large and small stocks has increased
over time. This fact, together with the higher increase in dispersion in price informativeness for
larger stocks, suggests that price informativeness for large and small stocks is diverging. The
top and bottom of the distribution of informativeness according to turnover, value, institutional
ownership, and analyst coverage have evolved in parallel over the period studied here, while

price informativeness for stocks with higher idiosyncratic volatility is lower in recent years.

Interpretation of Empirical Findings through Structural Models Finally, note that
it is possible to interpret the empirical findings presented in this section through the lens of
the structural models developed in Section 3. In particular, if one were merely interested in
knowing the precision of the signal contained in asset prices about future payoffs, the empirical
results we have just presented directly conclude that such signal is more precise for large, high
turnover, high idiosyncratic volatility, and high institutional ownership stocks, and has become
more precise on average over the last few decades.

In terms of deeper primitives, our cross-sectional empirical findings are consistent with
models in which investors have relatively more precise private information about large, high
turnover, and high institutional ownership stocks, while our time-series findings are consistent
with an interpretation in which, over the last decades, on average private information has
increased relative to the noise in prices. That said, cross-sectional and time-series interpretations
of our empirical findings can be consistent with other changes in primitives in alternative models.
We provide a more detailed discussion of possible interpretations of these findings in Section F

in the Internet Appendix.

4.2 Unlearnable Payoff Component

In this subsection, we implement the results derived in Proposition 2 to recover stock-specific
measures of price informativeness one period ahead when there is an unlearnable component of
the future payoff. We parallel the analysis of Section 4, but now implement Regressions R1U
and R2U mapping the average analyst forecast to the learnable component of the payoff.

In addition to the data described in the previous section for prices, earnings and controls, we

need a measure of the learnable component of earnings to implement the results in Proposition
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(b) Standard deviation of price informativeness over time across characteristics

Figure 6: Price informativeness over time: cross-sectional characteristics

Note: Each of the panels in Figures 6a and 6b shows the time-series evolution of the mean relative price
informativeness (Figures 6a) and its standard deviation (Figure 6b) for the top and bottom of the distribution of
price informativeness for each characteristic (size, turnover, value, idiosyncratic volatility, institutional ownership,
and analyst coverage). The red dashed lines correspond to the top half of the distribution, while the solid blue
lines correspond to the bottom half of the distribution. The green dotted line in the last panel corresponds to
stocks with no analyst coverage. In this figure, stocks are assigned to each half every quarter and observations
are aggregated at the annual level.
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2. For this purpose, we use four quarters ahead IBES analyst forecasts of earnings growth rates
for the period 1984-2017.'> We construct our measure of the learnable component of earnings
at t by taking the average four quarters ahead analyst growth forecast for period t.

Analogous to our implementation of Proposition 1, we implement Proposition 2 by running
time-series regressions for each individual stock over rolling windows of 40 quarters using year-
on-year changes and overlapping quarterly data. We denote by ftj our measure of the learnable
component of earnings computed as the logarithm of the average four quarters ahead analyst
growth rate forecast for period ¢. Formally, in a given rolling window, we run the following

time-series regressions:

Apl =B + ByAx] + B f] + By floa+ B Awd? + 6l = R, (20)
o e et e )
Ap] =+ ¢ At + ¢ ] + - Awpt e = Ry (21)

where Ap{ is a measure of capital gains, A:L‘{ is a measure of earnings growth, ftj is the log of the
average analyst forecast, issued at t —4, of the change in earnings between ¢ —4 and ¢ normalized
by book equity at ¢ — 4 plus one, ftj+4 is its one year ahead counterpart, and Aw{’q are publicly
observed signals. As in the previous section, we use the following firm-specific variables as public
signals: 1) profitability ii) dividend ratio iii) asset growth, and iv) market beta.

Consistent with Proposition 2, we recover relative price informativeness for stock j in a given

window from Equations 20 and 21

ny_ Rpp = Ry
" 1- R}

Figure 7 shows the distribution of price informativeness under the assumption that there is
an unlearnable component of earnings for a representative period (last quarter of 2015). The
shape of the distribution is similar to the one in Figure 2, with the main difference that there
are fewer stocks with price informativeness close to zero. This is reflected in a mean price
informativeness in 2015 of 9.29% estimated under unlearnable component model compared to
8.54% estimated under the assumptions of Proposition 1. This pattern is consistent throughout
all our rolling window estimates and can be appreciated by comparing Figure 5 with Figure 8.

The correlation between our estimates with and without an unlearnable component of earnings
is 0.234.

15 As is usual with this data, we adjust per-share based forecast for splits using the CRSP split factor data.
We then construct summary estimates by following guidance from WRDS to most closely match IBES summary
data.
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Figure 7: Price informativeness about learnable component: relative-frequency histogram

Note: Figure 7 shows a relative-frequency histogram of price informativeness about the learnable component of
future earnings for a representative time period, the last quarter of 2015. The histogram features 370 stocks.
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Figure 8: Price informativeness about learnable component over time: aggregate results

Note: The left panel in Figure 8 shows the time-series evolution of the cross-sectional mean and median relative
price informativeness about the learnable component of future earnings. The right panel in Figure 8 shows the
time-series evolution of the cross-sectional standard deviation of price informativeness. The red dashed lines show
linear trends starting in 1994. In both panels, the dots correspond to the average within a quarter of the price
informativeness measures computed using year-on-year changes and overlapping quarterly data.
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Figure 8 shows the behavior of the median, mean, and standard deviation of the cross-
sectional distribution of price informativeness between 1993 and 2017. We find that the mean,
median and standard deviation increase during this time period. The median moves from roughly
3% in 1994 to 5% in 2017, while the mean moves from almost 5% to almost 11% between 1994
and 2017. In turn, the standard deviation of informativeness has a positive long-run trend
in our sample. These trends, and the cross sectional results presented in the Appendix, are
qualitatively consistent with our findings in the previous section.'®

Our measure of the learnable component of the payoff is by no means perfect. The main
assumption behind the choice of proxy for the learnable component of earnings is that analysts
actually try to predict future earnings with their forecasts. A potential issue with this measure
is the response of analyst forecasts to prices described in Chaudhry (2023). If this response is
associated with the information prices contain about future earnings, this dependence is not a
concern for our approach. However, any mechanical response of forecasts to prices makes our

choice of proxy noisy while still inducing a high R-squared in our regression.

4.3 Longer Horizons

Our empirical analysis so far has focused on price informativeness one year ahead. However,
one can be interested in learning about earnings growth at longer horizons. In this subsection,
we implement the results in Proposition 3 to estimate price informativeness about earnings at
longer horizons using time-series regressions in rolling windows. More specifically, in a given

rolling window, we run the following regressions:

Apl =B + BiAa] + BlAxy + B At + ] = RX pom (22)
Ap] =T +GAd] +¢ - Awlt+d =R, (23)

where Apz is a measure of year-on-year capital gains, Aa:{ is a measure of year-on-year earnings
growth, Am;nj measures earnings growths between ¢ and t 4+ m, and wf’q denotes a given set of
controls/public signals. As in our main specification, we use the following aggregate variables as
public signals for all stocks: i) profitability, ii) dividend ratio, iii) asset growth, and iv) market
beta. We estimate the regression coefficients and errors using OLS. We respectively denote the
R-squareds of the regressions (22) and (23) by Rii Apm and the Ri{r. Hence, Regression R1m
maps to Equation (22), while Regression R2 maps to Equation (23).

Table 3 shows the distribution of the average price informativeness across the different

rolling windows at different yearly horizons. We find that price informativeness decreases as

16Tn the Appendix, we provide cross-sectional results for the implementation of Proposition 2, as well as
summary statistics year-by-year under this specification.
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Table 3: Distribution of average price informativeness at different horizons

Tenor Mean  Std. Dev P5 P95

1 0.0841 0.1053 0.000379 0.308
2 0.0638 0.0843 0.000248 0.243
3 0.0536  0.0702 0.000242 0.202
4 0.0553 0.0724 0.000226 0.210
5 0.0542 0.0703 0.000246 0.202

Note: Table 3 shows results for price informativeness about growth rates 1, 2, 3, 4, and 5 years ahead. The table
reports the mean, the standard deviation and the 5th and 95th percentiles of average price informativeness across
different rolling windows for the different horizons.

one increases the number of periods ahead. This seems natural, since prices are likely to be less

informative over payoffs further in the future.

5 Limitations

As in any structural model, our results identifying price informativeness are linked to model
assumptions. Moreover, the frequency and type of available data used in the estimation call
for caution when drawing conclusions from the estimates of informativeness we present in this
paper, both in the cross section and over time. With the goal of aiding future research, we
highlight several limitations of our approach in this section.

On the theoretical side, the central assumption behind our results is the linearity of prices
(i.e., log price differences). Finding new identification results for notions of informativeness in
nonlinear models, like the one in Albagli, Hellwig and Tsyvinski (2015), is a natural progression.
Moreover, our analysis purposefully abstracts from feedback between prices and fundamentals,
summarized in Bond, Edmans and Goldstein (2012) and tested in Chen, Goldstein and Jiang
(2006). Deriving identification results in models with two-way feedback between asset prices and
payoffs seems to be another fruitful avenue for future research. There is also scope to connect
informativeness measures with social welfare, as discussed in Remark 3, and to better account
for the role played by discount rates. Finally, as explained at the end of Section 4.1, drawing
conclusive statements about changes in primitives requires additional modeling assumptions
(and additional data).

On the measurement side, a key challenge for our approach is that we do not directly observe
the learnable component of earnings. This lack of observability leads us to use the average analyst
forecast as a proxy in the empirical implementation of our identification results when allowing

for an unlearnable component of earnings. While this is a reasonable approach, it is far from
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ideal, and there is value in exploring alternative empirical designs to address this issue.

Our measure of informativeness is horizon dependent and focuses on informativeness about
earnings. Building on our approach, there is scope to develop and estimate measures of
informativeness that account for the role of prices as signals over multiple horizons and
about different notions of payoffs. It is important to note that, despite conducting multiple
robustness checks, looking at different horizons, varying the definition of payoffs/fundamentals,
and modifying the set of public signals could lead to finding different conclusions.

Given the rapid pace of information flow in financial markets, using higher frequency data
could also provide more precise estimates of informativeness in alternative contexts. Using data
available at higher frequencies can also ameliorate concerns associated with parameter instability,
which the current draft addresses via rolling windows. The central challenge associated with a

higher frequency approach is the need to have valid measures of payoffs/fundamentals.

6 Conclusion

We have shown that the outcomes of regressions of changes in asset prices on changes in asset
payoffs can be combined to recover exact measures of price informativeness within a large class
of linear/linearized models. Empirically, we compute a panel of stock-specific measures of price
informativeness and find that the median and mean levels of price informativeness fluctuate
around levels of 4.5% and 8.5%, respectively. These values, which can be interpreted as the
weight that an external observer who learns from the price puts on the price signal when forming
a posterior belief about future payoffs, measure the precision of the public signal contained in
prices about future payoffs. Cross-sectionally, we find that price informativeness is higher for
stocks with higher market capitalization, that trade more frequently, and that have a higher
institutional share and higher analyst coverage. Over time, we find that mean and median price
informativeness have steadily increased since the mid-1980s. Our framework allows for public
signals, noise that is correlated to payoff innovations, an unlearnable payoff component, and
makes it to possible to study informativeness at different horizons.

Our identification results open the door to answering a broad set of questions. Empirically,
there is scope to explore further the relation between price informativeness measures and other
characteristics in the cross section or over time. It also seems worthwhile to document and
explain the behavior of price informativeness in different contexts, perhaps internationally or
in different markets. Our methodology can also be used to empirically assess the effect of
policies on the ability of markets to aggregate information. Theoretically, our results can be
used to discipline theories of information and learning in financial markets. There is also scope

to export our approach to identification to other environments in which structurally recovering
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the informativeness of endogenous signals is important, for instance, auctions, macroeconomic

environments, or labor markets.
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APPENDIX

A Proofs and Derivations: Section 2

Proof of Proposition 1. (Identifying price informativeness)

For completeness, we reproduce here Regressions R1 and R2:

Apy = B+ BoAxy + B1Axiy1 + P2 - Axe + e (R1)
Ap; = Z + QAxt + (o - Axe + eg. (R2)

Note that the R-squareds of both regressions, respectively, can be expressed as follows

Var [e¢] ~ Var[(pAz; + (2 - AXt].

2 = 1— e a4 RA =
RAz ae Var [Apy] and - Raq Var [Ap]

After substituting Equation (1) in Equation (2), the following relation holds

Apt = 5 + ¢1MAJ: + ¢nMAn + (¢0 + p¢1) Axt + ¢x : Axt + <¢1 + ¢nw) Ut + ¢n€tAn- (24)

By comparing Regression R1 with the structural Equation (2), it follows that 8 = ¢ + ¢njan,
Bo = ¢o, f1 = b + dpw, and e; = $,e~". By comparing Regression R2 with the structural
Equation (24), it follows that ¢ = ¢ + ¢1puaz + dnptan, S0 = G0 + pd1, (2 = ¢y and
ef = Brug + gnetmt.

On the one hand, note that % = 7. Given the assumptions on wu; and 5?”, it is
straightforward to show that the OLS estimates of Regressions RlAare consistent, which implies

Bt

that price informativeness can be consistently estimated as Vasled”
arfet

: Ay 1\ _
plim (Vaf[et]) = Tr.
¢

On the other hand, when estimating R2 via OLS, the error term e; is correlated with Ay

Formally, plim (7;) =

since Ayy = wWuy + 5? X, Then, the estimated coefficient for Ax; will be given by

Co= by + (01 + pdn) Ay = Co + ik,
where A, = (Var [Ax;]) " Cov [Axy, us] is the coefficient in the regression R3 below

up = A4 Ay - Axe + €. (R3)
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From Regression (R2) we have
Var [Ap;] = Var {CAOAxt + &y AXt} + Var [éﬂ ,
which can be expressed as

B Var [foAxt + 52 : AXt} Var [éﬂ Var [e]

1= .
Var [Apy] + Var [e;] Var [Apy]
—_————
:R2A£C :1_R2Aa:,Aac/

The errors in Regression (R2) are given by

& = Brus + dne®™ — BiA Ax
ég =/ (1 — X&w) U + ¢n€Ant - 51:\X . EtAxt.

Then
Var {éﬂ = B¥Var [ug] 4+ Var [e;] — 82Cov [Axy, ug) Var [Ax:] ™ Cov [Ax, uy] -
Moreover, using the Law of Total Variance, we have that

Var [us] = E [Var [us|Axe]] + Var [E [ug]xe]]

E
E [Var [u]Ax]] + Var [X;Axtﬁx]
E
E

[Var [us| Ax]] + S\;Var [Axi] Ay
[Var [ug|Axe]] + Cov [Axs, ug) Var [Ax,] ™ Cov [Axy, ] -

Then, the expected posterior variance of u; given y; is TJ|1AX = E [Var [u¢]x¢]], so

Var [u;] — thllAX = Cov [Axy, ug] Var [AXt]fl Cov [Axt, w] -

Therefore, we can write

Var [éﬂ B2Var [ug] + Var [e;] — 53 (Var [u] — Tu_lle)
Var[es] Var [e;]
 Varfe] + 8o, BiTga, T

Var [e;] N Var[es] TulAx
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Using this in Equation (25), we get

2 2
RAJ:,Am’ - RA.Z’ o Tr TR
1 _RzAm TU‘AX—'I—TW

T

Note that if variables are normally distributed, Tu_|1A = Var [u¢]x¢] and the expression above is

X
the Kalman gain associated with the unbiased signal contained in the price m; for an external

observer who has access to the public signals x; before seeing the price.

Proof of Proposition 2. (Identifying price informativeness)

The proof follows the proof of Proposition 1 replacing the future payoff by the future learnable
component of the payoff and including the realized learnable component of the payoff as a public

signal.

Proof of Proposition 3 (Identifying price informativeness at longer horizons)
The proof follows the same structure as the proof of Proposition 1. First note that absolute

price informativeness about the m-period ahead change in the payoft, Az}, is given by

" = (Var [7]"| Axyqm, Axy, AXt])il
~1

M ¢ (At — KL Ax™
= | Var M¢n l EtA" + Z ( tM T 2 Az Ay, Axy
Om + 2o1=1,1m PLEG, I=1,1#m Om + 211 1m P,

-1

2 [ M g (Al — KL Az
- ( M% 1 ) Tan+Var| ( tM m 2 Azi®, Az, Axq
O+ D= 1m P, =1 Pm D=1 QL

is orthogonal to Az}* by construction. Moreover, not that

|

_ —1
4 >2 7_&11 v % & (Axi — Kanl”t“)

- <¢>m + M ot G, (i O L DU,

Axy, AXt

M
1=1 1 Pl (Axé_KvlnAx:n)

¢m+2ll\il,l;ﬁm KL,
Om + le\il,l;ﬁm # K can be consistently estimated by B3 through OLS.

since

Moreover, from Regression R2 we have

- Var [égAa:t + 62 . AXt} Var [éﬂ Var [éf‘}

1= : 26
Var [Ap] +Var [6}] Var (Apy) (26)
—_———
:RQAx :1_R2Az,Aacm
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where fo, 52, ég , and éf‘ are OLS estimates with

Var {éﬂ Var {éﬂ Fm
Var [6}]  (83)? Var [7)"| Az}, Az, Axe] Ao,

and
M ! M
Var {et} gb TAn + Var lz nglA:Ut] — Cov [Xt, Z gblAaji] Var (Xt)_1 Cov [Xt, Z d)lei]
=1 =1 =1

where X; = [Azy, Ax:]. Note that the estimated error takes into account that X is correlated

with ef. Moreover, using the Law of Total Variance we have

M M ! M M
Var lz qblAa:i] —Cov lXt,Zgblei] Var (X,g)_1 Cov lXt,Zgblei] =K lVar lz gbleé Aa:t,AXtH ,

=1 =1 =1 =1

where we can rewrite

M M M
Var [Z pr Az Amt,Ath =Var | | ¢ + Z KLy | Ax™ + Z ) (Ami — Kanx;n) Axy, Axy
=1 I=1,l#m I=1,l#m
o 2
_ l m
=|om+ Z K, | Var [Az)"| Az, Axq]
I=1,l%m
M
+Var | Y & (Ax) - Kl A2])| Az, Axe
I=1,l#m
= (83" ) Var [Azy"| Azy, Axy] + Var Z b1 (Aﬂft Kan:c;”) Az, Axy
I=1,l#m
Then, using the definition of 77* and TAz | Ay WE have
Var[ei] o 2rt v 3 Azl — KL Az | Ay, A 72 Var [ Az | Az, A
Var [éi‘] (ng)2 ¢nTAn + Var l_% le ( Ty — By ATy ) T, AXt + (62 ) ar[ 4 | Tty Xt]
=1,l#¢m
- Tn T TAz|Ax
TA;U;"|AX
Plugging this in Equation (26) we have
RAx Axm RQAm _ 7—77;” = TmR
1-R%, T+ Tl T

which proves our result.
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INTERNET APPENDIX

For ONLINE PUBLICATION ONLY

Section B of this Internet Appendix describes in more detail the data used for the empirical
implementation of the results in Section 4. Section C of this Internet Appendix reports additional
empirical results. First, we include a series of figures that give more insight into the cross-sectional
results presented in Table 2. Second, we present additional cross-sectional results under the assumption
that there is an unlearnable component of earnings. Finally, we present the cross-sectional correlation
between price informativeness measured in year ¢t and price informativeness measured in prior years.
Section E of this Internet Appendix includes additional results on the identification of absolute price
informativeness. Section F provides possible structural interpretations of the empirical findings. Section
G of this Internet Appendix considers three alternative specifications. First, we extend our approximate
results to the case in which the payoff follows a stationary AR(1) process. Second, we develop our
identification results using an exact linear formulation for the price process under difference-stationary
and stationary specifications for the payoff.

A Proofs and Derivations: Section 3

Portfolio Demand Approximation The optimality condition of an investor who maximizes
Equation (15) subject to the wealth accumulation constraint in Equation (16) is given by

(X P, )
E {U{ (wi) (t“;tt“ - Rf)‘IZ} =0. (27)

We approximate an investor’s first-order condition in three steps.

First, we take a first-order Taylor expansion of an investor’s future marginal utility U’ (wi) around

the current date t wealth level wj. Formally, we approximate U’ (wi) as follows
U (w}) = U (wh) + U" (wh) Awt,
which allows us to express Equation (27) as

U’ (wh) Es {M _ Rf] + U (wh) whEs {(Rf 146 (M _ Rf)) (M _ Rf)} ~0.
P, P, P,

Second, we impose that terms that involve the product of two or more net interest rates are negligible.
In continuous time, these terms would be of order (dt)2. Formally, it follows that

X, + P [ Xip1 + P ?
(Rf—1)E;§[”1;t”1—Rf}zo and (E;[W—be ~0,

which allows us to express Equation (27) as

Xit1+ Py

U’ (ui) E: [Pt - Rf] LU (wh) wpdiVari {XH“D“] ~ 0.

Py
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Therefore, we can express an investor’s risky portfolio share 6} as

1 Ei [Xt%tpm_Rf}

i i | Xer1+Prga

0i ~ (28)

where 7! = —%ngﬂ)o) denotes the coefficient of relative risk aversion. These coefficients are time
invariant since wezhaove assumed that the distribution of investor types is time invariant and the wealth
distribution across time and investor type is i.i.d.

Third, as in Campbell and Shiller (1988), we take a log-linear approximation of returns around a

predetermined dividend-price ratio. Formally, note that

X, P,
ln( t+1 T Ly

2 > =In (1 + €pt+1_wt+1) + A(L’t+1 — (pt — .’L't) 5
t

where y; = InY; for any given variable Y;. Following Campbell and Shiller (1988), we approximate the
first term around a point PX = eP~%, to find that

PX
PX +1
= ko + k1 (pt+1 — e41)

In (1+ e’ %+1) ~In(1+ PX) + (pea1 — 2411 — (p—1x)).

where k1 = % and kg =In(1+ PX) — k1 (p — x).
Therefore, starting from Equation (28), we can express an investor’s risky portfolio share 6! as
1 ko + k1B [per1 — weqa] + B} [Axgqa] — (pe — 24) — 1/

0 ~ —
Py Var [k1 (per1 — Ze41) + Azgp]

where we define r/ = In Rf and we used that e¥ ~ 1 +y.

Forming expectations In order to characterize the equilibrium it is necessary to characterize
investors’ expectations. We conjecture and subsequently verify that klEi [Pt41 — Tey1] + Ei [Azyyq] is
linear in s!, ¢, and z; and that Var [k; (pi11 — T441) + Azyyq] is a constant. Under this conjecture, 6
is a linear function of si, z;, and @¢, given by

0i ~ olxy +alsi +alml — a,pe + Yl
These coefficients are time invariant since we have assumed that the distribution of investor types is time
invariant and the wealth distribution across time and investor type is i.i.d.
This expression and the market clearing condition [ #jw{di = Q imply that
[ a n b
pt::gcxt+7sut+:nnt+g
Qp P Qp Qp
where oy, = [ abwidi for h = {z,s,n,p} and ¢ = [p'widi — Q. As in Vives (2008), we make use of the
Strong Law of Large Numbers, since the sequence of independent random variables {aéwéait, a%wéeiﬁt}
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has uniformly bounded variance and mean zero. This expression can also be written as

Tz O s an v a
Pt = ( — s) xe + :S-Tt+1 + :nnt + i — :SMAgc~ (29)
Qp  Qp Qp Qp Qp  Qp

Investors in the model learn from the price. The information contained in the price for an investor in the

. o @ a )
frp = == (pt - <$xt + —Zpan + )) ,
s a, a, a,

-1 N
which has a precision 77 = Var [ﬁt\ Uy, {xs}sq ,pt,l} = (g) Tan- Note that we denote by m; the

model is

unbiased signal of u; contained in the change in log prices Ap; and by #; the unbiased signal about wu;
contained in the log price p;.

Given the information set of the investor, Var {nt\ U, {@s oy ,pt,l} = Var [Ant| g, {Ts} ooy ,pt,l} )
Then,

, . . i Tt (T, g, D
i i 7—5872 + Tunz + T+ Tt TSSt + Tunt + TT!'OTS (pt Tpxt TSMATL Tp)
]Et [Ut] = ]E [ut|It} = =
Ts + Tu + Tx Ts + Tu + Ta

and Var [w|Zi] = (7, 47y + 7)), where T} = {si,ﬁi,{ps}sgt,{xs}sgt}. Note that these two

expressions imply that our conjecture about ! is satisfied. To see this, note that

. ) o s as M .
kA EL [pry1 — @] + B [Azq] = ki Ey |:m1't+1 + U1 + — 1 +— — $t+1} + pag + Ef [u]
Qp Qp Qp Qp

=k <<% -1+ 1> (az + Ef [ug]) + %Ei [ne] + (% - 1) Tt + %NAn + q/]) )
o, k1 [ o, o, o,
where we used that Ej [us1] = 0, that Ef [e27] = 0, and that E] [n,] is linear in p; and z;. To see this,
first note that n;_; is known at time ¢ since the information set of the investor includes all past prices
and payoffs. Therefore, the prior mean of investor ¢ about n; is pa, +n¢—1. Second, the price p; contains
information about n;. The unbiased signal about n; contained in the price p; is given by

@, [ ) @
n — 14 x o s
Ty == |pt— | =2+ = =ng + —Uy,
o, fays o Ol
N2
and its precision is given by 7,» = (‘Z;:") Ty- Then,
.

Tan (Ban +ne—1) + Ton 52 (pt - (%xt + %))

E: [ny] =
¢ [nt] TAn + Trn
and Vari [ny] = (Tan + 7xn) "' Moreover,
. a 1\? @\’ an )\’
Vari [kl (pt+1 — .’Et+1) + A$t+1] = k% (w -1 + ) (TS + Tu + Tﬁ—)il-’—k% (S> ’Tu_l—f—k% (n) T&,}L
o kq o ap
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Using these expressions in the first-order condition and matching coefficients gives

.1 T 1 Th g Ton 22
= —k - 14— 1-— — L 30
Yo Ki 1<(ap +k1> ( TS+TU+T7}> TAn+T7rn> (30)

s
212

: 1 Oy 1 T,

= —k L _14+=-)—= 31
@s Ki 1(% Jrl<;1>7'5—|—7u—|—7',»r (31)
) 1 Oy 1 T,

i z_1 - u 32
“n K ! (Oép +/€1> Ts + Tu + T# ( )

1 a 1 Th 22

) (&7 i Trmn

ah=—[1-k (’C—1+) Pl (33)
K ol ki) Ts+ Ty + T2  Tan + Tan

btk (—(Z 14 ) - B (Zpan+ L)
11[}1' . l 0 1 ap k1 Ts+Tu+Tr r ap n ap (34)
R o Tan(Bantne—1)+Tan zz % ¥ ’
+k)1ﬁ TAn+Trn -r

where r; = v'Vart [k1 (pe1 — 2e11) + Axgiq].

Proof of Lemma 1 TIterating forward Equation (29) and taking differences, we find that

Apt = (l — 6) Amt =+ :6A$t+1 + :nAnt
p CQp Qp Qp

7|

This maps to the price process in the general framework by setting ¢ = 0, ¢g = g; —
P

on =2
n = ==.
Qp

Q
<

7¢1_apaand

Proof of Lemma 2 When investors are identical, the noise in their signal does not disappear from
the price, and the price in (29) becomes

Qg Qs

o !
Pt = < - ) wr+ — (T +ea) + —np +
Qp A

'l/) - Q Qg
— HAz,
Qp Qp Qp Qp

where the demand coefficients are given by the system in Equations (30) through (34). Iterating backwards
this price and taking differences we have

Apt = (Olz — as) Al’t + %A.’Eprl + % (Ant + asAgst> .
(e Qp Qp Qi

Setting ¢ = 0, ¢g = % - ;T;, 01 = g;;, and ¢, = % and where An; = Any + z—iAsst maps to the process
in the general framework.

Time-varying risk-aversion interpretation Note that from Equations (30) through (34) one

can see that oit = Sht-1 — 9 for all ¢ and h = z, s, n, and that
pt Apt—1 ap
Yi —Q Y1 —Q _ A, Var (k1 (pe41 — Te41) + Az Q- Ay
Qpt Qpt—1 o 1 Tﬁ% Yt Qpt
(“’ﬁ (Z-14 ) 5



In this case, the price process is

@ @ @ «@ @ A
Apt = (m — S> A.Tt -+ iAl't_;,_l -+ -2 (Ant -+ iAé‘st -+ e Q) 5
ap ap ap Ol Y Qnt
and setting ¢ = 0, ¢o = z—z — g—z, = g—;, and ¢, = (:TZ’ where An, = Ay + g—iAsst + %A;‘LtQ, maps

to the process in the general framework. In this case, the noise in the price can come from time-varying
risk aversion.

Proof of Lemma 3 The case in which there are informed and uninformed investors and noise traders
is a special case of the model in Section 3.1 with three types of agents. In that case, the demand for
informed and uninformed investors is respectively given by

I T I I I
0; ~ a,x + agur — appr + ¢

U._ U U—U U U
ot ROy Ty + Qg Ty 704ppt+1/1 )

and the demand of noise traders is given by §. Market clearing and the SLLN imply that the equilibrium
price in Equation (17).
Taking first differences for this price process we have

Ap = ¢+ PoAxy + ¢1AT 11 + Pp ATy,

where the coefficients ¢ = 0, ¢g = 22 — &=, ¢; = 2=, and ¢, = 22 are equilibrium outcomes and
P

ap Qp Qp (03

Any = Any + O%Aét, which proves our claim.

B Detailed Data Description

This section describes in more detail the data used for the empirical implementation of the results in
Section 4. See https://github.com/edavila/identifying price informativeness for additional details and
replicating files.

We obtain stock market price data from the Center for Research in Security Prices (CRSP) for the
time period between January 1, 1950 and December 31, 2019. First, we import monthly price data
from the Monthly Stock File (msf) for ordinary common shares (shred = 10 or 11). Second, we import
delisting prices and other delisting information from the monthly delisting file (msedelist). Third, we
import market returns from the monthly stock indicators file (msi). Lastly, we import the start and/or
end date(s) of when a stock has been part of the S&P 500 from dsp500list. We restrict our sample
to securities listed on the NYSE, AMEX or the NASDAQ (exchcd = 1, 2, or 3). We compute market
capitalization by multiplying the stock price by the number of shares outstanding. For companies with
multiple securities, we sum the market cap for all the company’s securities and keep only the permno with
the highest market capitalization. We define turnover as the ratio between trading volume and shares
outstanding.

From FRED, we obtain monthly time series for Personal Consumption Expenditure (PCEPI), 1-
Year and 10-Year Treasury Rates (GS1, GS10), Unemployment Rate (UNRATE), Personal Consumption
Expenditures (PCE), and Personal Income (PI).

We import firm performance data from both the COMPUSTAT Fundamentals Annual Data &
the Fundamentals Quarterly Data in the standard, consolidated, industrial format for domestic firms
(INDFMT ="INDL’ and DATAFMT = "STD’ and CONSOL = 'C’ and POPSRC = ’D’) for observations
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between January 1, 1950 and December 31, 2019 . For future linking with CRSP, we also import GVKEYs
and permnos from the CRSP/COMPUSTAT Merged (CCM) database, keeping the following linktypes:
“LU,” “LC,” or “LS,” and for which the issue marker is primary (linkprim = “P” or “C”). For both the
annual and quarterly data, we only keep observations where the observation date is between the beginning
and end of the period for which the CCM link is valid.

We form book value (book) for annual[quarterly] data as shareholders equity (seq|q]) + deferred
assets plus investment tax credit (txditc[q]) - pstk[q] (preferred stock). To deal with missing values, we
replace seqq with common equity plus preferred equity (ceq[q] + pstk[q]) if an observation of the former
but not the latter is unavailable, and if both of are unavailable, we replace with total assets minus total
liability (at[q] - 1t[q]). If an observation for txditc[q] and/or pstk[q] are missing, we replace it with 0.
We respectively use oiadpq and ebit as our payoff measures in the quarterly and annual datasets. We
merge for both the annual and quarterly datasets, where in the shifted specifications, we shift CRSP
respectively one quarter and one month back. After merging the COMPUSTAT and CRSP datasets
using the timing describing in the text, we use PCEPI to deflate all nominal variables. We also discard
stocks with non-finite prices and whose payoff is always 0 or NA. We winsorize payoff and price values at
the 2.5th and 97.5th percentile to reduce the impact of outliers. We compute changes in payoffs as the
log of one plus the year-on-year change in earnings divided by book equity.

We define our public signals as follows. The profitability ratio is the total operating profits of the
trailing four quarter period divided by book equity lagged four quarters. The divided ratio is the total
dividends of the trailing four quarter period divided by book equity lagged four quarters. Asset growth
is the log growth of assets over the previous four quarters. Market beta is the coefficient of the stock’s
excess monthly returns against the S&P500’s excess monthly returns over a rolling 5 year backward
looking window containing at least 24 months of observations.

For analyst forecasts, we use all available, non-excluded 4-quarter ahead EPS forecasts from IBES.
From this we construct forecasted earnings growth by subtracting the realized value of EPS for 4 quarters
before the fiscal quarter the analyst is forecasting (i.e., if the analyst is forecasting quarter ¢, then the
realized value comes from t — 4). We then apply the same transformation as with realized earnings by
normalizing by book equity, adding 1, and taking the logarithm. Similarly, forecasted future earnings
growth uses the realized value from quarter t and forecasts for ¢ + 4.

Figure IA-1 illustrates the distribution of stock-specific standard deviation of quarterly earnings’
growth rates in our sample of stocks with more than 40 observations. As one would expect, the volatility
of earnings across stocks varies widely in the cross section.
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Figure TA-1: Cross-sectional standard deviation of earnings’ growth rates

Note: Figure [A-1 shows a relative-frequency histogram of the distribution across stocks of the time-series
standard deviation of earnings growth rates. This histogram features 6,803 stocks. For reference, the median and
mean of the average growth rate of earnings across the stocks represented in this figure are, respectively, 0.11 and
0.56.

C Empirical Implementation: Additional Results

In this section, we report additional empirical results. First, we include a series of figures that give more
insight into the cross-sectional results presented in Table 2. Second, we present additional cross-sectional
results under the assumption that there is an unlearnable component of earnings. Finally, we present the
cross-sectional correlation between price informativeness measured in year t and price informativeness

measured in prior years.

C.1 Cross-sectional Relation: Graphical Illustration

Figures IA-2 through TA-6 are the counterparts of the cross-sectional results presented in Table 2. Each
figure shows scatter plots of cross-sectional regressions of relative price informativeness (in twentiles) on
each of the five variables considered: size, value, turnover, return volatility, and institutional ownership,
for each of the years between 1981 and 2016. These figures make clear that the positive relationships
between price informativeness and size, turnover, and institutional ownership are robust across time.
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Figure IA-2: Price informativeness and size

Note: Figure IA-2 shows year-by-year cross-sectional regressions of relative price informativeness (in twentiles)
on size, defined as the log of market capitalization — see e.g. Bali, Engle and Murray (2016). The estimate
reported in Table 2 can be interpreted as a weighted averaged of the year-by-year slope coefficient illustrated
here.
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Figure IA-3: Price informativeness and value

Note: Figure IA-3 shows year-by-year cross-sectional regressions of relative price informativeness (in twentiles)
on value, defined as the ratio between a stock’s book value and its market capitalization. The estimate reported
in Table 2 can be interpreted as a weighted averaged of the year-by-year slope coefficient illustrated here.
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Figure IA-4: Price informativeness and turnover

Note: Figure IA-4 shows year-by-year cross-sectional regressions of relative price informativeness (in twentiles)
on turnover, defined as the ratio between trading volume and shares outstanding. The estimate reported in Table
2 can be interpreted as a weighted averaged of the year-by-year slope coefficient illustrated here.
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Figure IA-5: Price informativeness and idiosyncratic return volatility

Note: Figure IA-5 shows year-by-year cross-sectional regressions of relative price informativeness (in twentiles)
on idiosyncratic volatility, define as the standard deviation over a 30 month period of the difference between the
returns of a stock and the market return. The estimate reported in Table 2 can be interpreted as a weighted
averaged of the year-by-year slope coefficient illustrated here.
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Figure IA-6: Price informativeness and institutional ownership

Note: Figure IA-6 shows year-by-year cross-sectional regressions of relative price informativeness (in twentiles)
on institutional ownership, defined as the proportion of a stock held by institutional investors. The estimate
reported in Table 2 can be interpreted as a weighted averaged of the year-by-year slope coefficient illustrated

here.
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C.2 Unlearnable Payoff Component

In this section, we provide additional results following the identification results in Proposition 10, which
considers a payoff process with an unlearnable component.

Exchange S&P 500
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Figure IA-7: Cross-sectional results (2) - unlearnable component of earnings

Note: The left panel in Figure IA-7 shows a box plot by exchange of the residuals of a regression of relative price
informativeness on year fixed effects. The left panel in Figure IA-7 shows a box plot by S&P 500 status of the
residuals of a regression of relative price informativeness on year fixed effects. The solid middle line represents
the median. The top and bottom of the box represent the 75th and 25th percentiles. The whiskers extend up to
1.5 times the interquartile range.
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Table IA-1: Price informativeness summary statistics - unlearnable component of earnings

t Median Mean SD  Skew Kurt P5 P25 P75 P95 n
1994 0.0198 0.0217 0.0203 0.2522 -1.3266 0.0019 0.0091 0.0324 0.0441 4
1995 0.0130 0.0343 0.05647 1.8893 1.8290 0.0023 0.0074 0.0277 0.1183 7
1996 0.0094 0.0296 0.0428 1.2605 0.0637 0.0014 0.0019 0.0386 0.0938 6
1997 0.0724 0.0891 0.0905 0.9956 0.6098 0.0011 0.0062 0.1461 0.2119 18
1998 0.0308 0.0543 0.0632 1.2803 0.6297 0.0006 0.0068 0.0844 0.1648 17
1999 0.0652 0.0836 0.0867 0.8544 -0.4005 0.0010 0.0066 0.1171 0.2343 22
2000 0.0387 0.0839 0.0932 1.1043 0.2803 0.0021 0.0098 0.1389 0.2306 21
2001 0.0461 0.0762 0.0823 1.6577 2.2211 0.0022 0.0222 0.0974 0.2660 26
2002 0.0447 0.0690 0.0732 1.9219 4.5972 0.0047 0.0187 0.0901 0.1747 37
2003 0.0299 0.0601 0.0763 1.9483 4.0100 0.0025 0.0075 0.0922 0.1947 46
2004 0.0202 0.0635 0.0842 1.7434 2.4242 0.0009 0.0059 0.0943 0.2599 52
2005 0.0512 0.0857 0.0967 1.6455 2.6865 0.0024 0.0128 0.1226 0.2680 62
2006 0.0629 0.0989 0.1067 1.4966 1.9529 0.0008 0.0162 0.1423 0.3101 75
2007 0.0580 0.1070 0.1226 1.5701 2.4518 0.0023 0.0155 0.1521 0.3621 85
2008 0.0559 0.1048 0.1295 1.8777 3.3902 0.0039 0.0185 0.1338 0.3920 110
2009 0.0432 0.0940 0.1205 1.9953 4.3382 0.0016 0.0123 0.1198 0.3411 136
2010 0.0390 0.0940 0.1149 1.6629 2.4799 0.0012 0.0122 0.1527 0.3258 170
2011 0.0514 0.0992 0.1136 1.5659 2.2905 0.0013 0.0156 0.1529 0.3246 219
2012 0.0545 0.0995 0.1171 1.8642 4.0107 0.0011 0.0181 0.1434 0.3167 259
2013 0.0518 0.0983 0.1178 1.9602 4.6162 0.0010 0.0154 0.1372 0.3077 309
2014 0.0406 0.0879 0.1140 2.1623 5.0558 0.0010 0.0132 0.1168 0.3310 349
2015 0.0454 0.0903 0.1087 1.8839 3.8100 0.0014 0.0137 0.1307 0.3229 403
2016 0.0548 0.0949 0.1062 1.5788 2.5071 0.0014 0.0136 0.1521 0.3183 444
2017 0.0534 0.0942 0.1058 1.6646 2.8589 0.0017 0.0165 0.1359 0.3282 482

Note: Table TA-1 reports year-by-year summary statistics on the panel of price informativeness measures

recovered under the assumption of an unlearnable component of earnings. It provides information on the median;
mean; standard deviation; skewness; excess kurtosis; and 5th, 25th, 75th, and 95th percentiles of each yearly
distribution, as well as the number of stocks in each year. Since our panel of price informativeness is quarterly,
we average the measures of quarterly price informativeness at the yearly level before computing the summary
statistics. Informativeness in year ¢ is computed over a rolling window of 40 quarters prior.
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Figure TA-8: Cross-sectional results (3) - unlearnable component of earnings

Note: Figure IA-8 shows a box plot by one-digit SIC industry code of the residuals of a regression of relative
price informativeness on year fixed effects. The solid middle line represents the median. The top and bottom of
the box represent the 75th and 25th percentiles. The whiskers extend up to 1.5 times the interquartile range.

C.3 Persistence of Price Informativeness Estimates

Table TA-2 reports the cross-sectional correlation between price informativeness measured in year ¢ and
price informativeness measured in prior years, following the methodology of chapter 4 of Bali, Engle and
Murray (2016). This table shows that our informativeness measures are persistent over time, especially
in recent years. As one might expect, the strength of the correlation decays over time, with one-year
cross correlations consistently above 0.7, while five-year cross-correlations can be as low as 0.2.
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Table IA-2: Persistence of price informativeness

t pa—1 (T pri—a(tR)  pra—s3(tE)  pri—a(tR)  pri—s(tR)
1985 0.9407 0.9131 0.8807 0.7778 0.1711
1986 0.9117 0.7853 0.7942 0.8509 0.7809
1987 0.9160 0.7708 0.6230 0.6617 0.8335
1988 0.9060 0.7640 0.6627 0.5003 0.5155
1989 0.9128 0.7678 0.6233 0.5312 0.3969
1990 0.8922 0.7783 0.6381 0.5036 0.4044

1991 0.8871 0.7280 0.6374 0.4996 0.3721
1992  0.8750 0.7198 0.5976 0.5173 0.3799
1993 0.8172 0.6571 0.5138 0.4499 0.3846
1994 0.8857 0.6002 0.5085 0.3963 0.3294
1995 0.8901 0.7335 0.4908 0.4348 0.3563
1996 0.8641 0.7171 0.6054 0.3728 0.3151

1997  0.8646 0.6883 0.5868 0.4821 0.2138
1998 0.8423 0.6439 0.5253 0.4618 0.3766
1999 0.8461 0.6378 0.4923 0.3912 0.3709
2000 0.8293 0.6222 0.4690 0.3651 0.2760
2001 0.8681 0.6556 0.5171 0.4203 0.3254
2002 0.8876 0.7256 0.5468 0.4535 0.3801
2003 0.8929 0.7440 0.6160 0.4805 0.3949
2004 0.9109 0.7681 0.6328 0.5130 0.3923
2005 0.9233 0.7915 0.6752 0.5503 0.4397
2006 0.9259 0.8264 0.7038 0.6116 0.5044
2007  0.9043 0.8017 0.7212 0.6083 0.5449
2008 0.8497 0.7168 0.6481 0.5759 0.4787
2009 0.8742 0.6493 0.5318 0.4812 0.4165
2010 0.8617 0.6742 0.4946 0.4140 0.3746
2011  0.8959 0.7100 0.5310 0.4037 0.3566
2012 0.9027 0.7524 0.6045 0.4432 0.3151
2013 0.8850 0.7467 0.6306 0.5163 0.3803
2014 0.8990 0.7409 0.6380 0.5257 0.4282
2015 0.9068 0.7916 0.6460 0.5551 0.4596
2016 0.9241 0.7855 0.6865 0.5787 0.5082

Note: Table IA-2 reports the cross-sectional correlation between price informativeness measured in year ¢ and
price informativeness measures in year ¢t — k, where k = {1,2,3,4,5}. Since our panel of price informativeness
is quarterly, we average the measures of quarterly price informativeness at the yearly level before computing the
correlations. We start reporting the correlations in 1980, since that is the first year with more than 250 stocks.
Informativeness in year ¢ is computed over a rolling window of 40 quarters prior.

C.4 Correlation of Price Informativeness Estimates

Table TA-3 reports the correlation matrix among the different estimates of price informativeness. This
table shows that there is a robust correlation between informativeness estimates with a without controls.
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The relation between the baseline and those using average analyst forecast as a proxy for the learnable
component of the payoff, as in Section 4.2, is also positive but less strong.

Table IA-3: Correlation of price informativeness estimates

‘ Baseline \ Unlearnable \ No Controls \ Unlearnable No Controls ‘

Baseline 1 — — -
Unlearnable 0.234 1 — -

No Controls 0.838 0.225 1 —
Unlearnable No Controls 0.163 0.839 0.210 1

Note: Table IA-3 reports the correlation among the different estimated measures of informativeness.
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D Empirical Implementation: Price as only signal

While in the body of the paper we report measures of price informativeness that include additional
controls — public signals, in the language of Section 2 — in this section we report the results without
controls, from the perspective of an external observer who only sees the price and past payoffs. Formally,
the results reported here are the outcome of running the following two regressions

R o o . 2
Apl =3 + BjAx] + f{Ax] ,+e = RAJz,Am/
. 7‘7' . . A. 2 .

Ap] = (¢ + Az +& =Ry

Figure IA-9, which is the counterpart of Figure 2, shows a relative-frequency histogram of price
informativeness for a representative time period, the last quarter of 2015. Figure [A-10, which is the
counterpart of Figure 5, shows the time-series evolution of the cross-sectional mean, median, and standard
deviation of relative price informativeness. Table [A-4 and Figures IA-11 and TA-12, which are the
counterparts of Table 2 and Figures 3 and 4, show the cross-sectional properties of the distribution of
price informativeness across stocks.
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Figure TA-9: Price informativeness: relative-frequency histogram, no public signals

Note: Figure [A-9 shows a relative-frequency histogram of price informativeness for a representative time period,
the last quarter of 2015. Note that informativeness is computed over a rolling window of 40 quarters prior.
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Table IA-4: Cross-sectional results, no public signals

Estimate Std. Error t-stat

Size 0.002270  0.000186 12.19
Value 0.000083  0.000519 0.16
Turnover 0.000454  0.000029 15.75

Idiosyncratic Volatility — 0.040384  0.008264 4.89
Institutional Ownership 0.024064 0.001449 16.61

Analysts Covering 0.001251  0.000084 14.95

Note: Table TA-4 reports the estimates (aAf) of panel regressions of price informativeness on cross-sectional
characteristics (in twentiles) with year fixed effects (&:): T,,Ij’tb = a§ + afcd + & + e, where 750t denotes the
average price informative per bin (twentile) in a given period, ¢ denotes the value of the given characteristic
per bin (twentile) in a given period, & denotes a year fixed effect, a§ and af are parameters, and € is an error
term. Figures [A-2 through IA-6 provide the graphical counterpart of the results in this table. Size is measured
as the natural log of stock market capitalization, value is measured as the ratio between a stock’s book value
and its market capitalization, turnover is measured as the ratio between trading volume and shares outstanding,
idiosyncratic volatility is measured as the standard deviation — over a 30 month period — of the difference
between the returns of a stock and the market return, and institutional ownership is measured as the proportion
of a stock held by institutional investors.
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Figure IA-11: Cross-sectional results, no public signals

Note: The left panel in Figure IA-11 shows a box plot by exchange of the residuals of a regression of relative
price informativeness on year fixed effects. The left panel in Figure TA-11 shows a box plot by S&P 500 status of
the residuals of a regression of relative price informativeness on year fixed effects. The solid middle line represents
the median. The top and bottom of the box represent the 75th and 25th percentiles. The whiskers extend up to
1.5 times the interquartile range.
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Mean and Median Standard Deviation
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Figure TA-10: Price informativeness over time, no public signals

Note: The left panel in Figure TA-10 shows the time-series evolution of the cross-sectional mean and median
relative price informativeness. The right panel in Figure IA-10 shows the time-series evolution of the cross-sectional
standard deviation of price informativeness. The red dashed lines show linear trends starting in 1986.
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Figure TA-12: Cross-sectional results, no public signals
Note: Figure IA-12 shows a box plot by one-digit SIC industry code of the residuals of a regression of relative

price informativeness on year fixed effects. The solid middle line represents the median. The top and bottom of
the box represent the 75th and 25th percentiles. The whiskers extend up to 1.5 times the interquartile range.
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E Additional Results

E.1 Absolute Price Informativeness

For simplicity, we provide our results in the absence of public signals and when investors have information
about the payoff one period ahead.

Proposition 4. (Identifying absolute price informativeness) Let 3, By, and Bi denote the
coefficients of the following regression of log-price differences on realized and future log-payoff differences,
then

Ap; = B+ BoAzy + 1Azt + ey, (R1)

where Apy = py —pe—1 denotes the date t change in log-price, and Axy = Ty — Ti—1 and Az = Typ1 — Ty
respectively denote the date t and t + 1 log-payoff differences.

Proof. By comparing Regression R1 with the structural Equation (2), it follows that 5 = ¢ + ¢npian,
Bo = ¢o0, f1 = ¢1, and e; = ¢,e2". Consequently, 02 = Var[e;] = (¢n)2 Var [EtA"] = (qzﬁn)2 TE,}L.
Therefore, we can recover absolute price informativeness as follows

(B _ (@) _(cm)gm

O—g B ((an)2 T;}L B ¢n

Tn =

Given the assumptions on u; and Ang, it is straightforward to show that the OLS estimates of Regressions
R1 and R2 are consistent, which implies that price informativeness can be consistently estimated as

~\ 2 ~\ 2 2
T = @ Formally, plim (7;) = plim <(6/1\) ) = (g—) TAR = Tr- O

1
2 n
Te Te
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F Structural Interpretation of Empirical Findings

It is possible to interpret the empirical findings presented in Section 4 through the lens of the general
framework developed in Section 2 and the structural models developed in Section 3. If one were merely
interested in knowing the precision of the signal contained in asset prices about future payoffs, our
empirical results directly conclude that such signal is more precise for large, high turnover, and high
institutional ownership stocks, and has become more precise on average over the last few decades.

However, one may be interested in translating these empirical patterns of informativeness to particular
elements of a model. For simplicity, we consider the case without public signals and when investors have
information about the payoff one period ahead. In this case, we can express relative price informativeness
as

1
. S— (35)
(%)
1 TAn

From Equation (35), we can conclude that stocks with high informativeness are those with a high value

of ¢1 (sensitivity of the asset price to the future payoff) relative to ¢, (sensitivity of the asset price to
its non-payoff relevant component) and/or a high value of 7,7 ! (variance of the innovation to the payoff)
relative to Tgl (variance of the non-payoff relevant component i.e., noise). Therefore, our empirical

results imply that the (either of the) ratios ZZI and é*{ must be higher for large, high turnover, and high
institutional ownership stocks, and that (either of) buch ratios must have increased on average over the
last few decades. Equation (35) clearly highlights that price informativeness captures the signal-to-noise
ratio in asset prices, but not the sources of noise or information independently.

The models developed in Section 3 allow us to go one step further by relating our empirical findings on

¢>1

informativeness to deeper primitives. In all three models, the ratio corresponds to & &=, which denotes

the ratio of the aggregate demand sensitivities to information and noise, respectlvely. Consequently,

across all three models, higher price informativeness can be interpreted as either a higher (’? and/or a

higher TTAu". While 7, is a primitive in all three models, @, @,,, and, in some cases, Ta,, are equilibrium
objects, as we explain below.

The first model considered in Section 3, in which noise arises from investors’ sentiment, provides the
clearest connection between relative price informativeness and model primitives in the context of a fully
structural model. In this model, the aggregate demand sensitivity to information relative to noise is
exactly given by the ratio of the precision of investors’ private signals (75) about the future payoff relative

s

to the precision of the innovation (7,), that is, &= = Z=. In this model, the noise embedded in the price

is only coming from the investors’ sentiment and TAn is also a primitive of the model. Therefore, price
informativeness can be expressed as the following combination of primitives:

o1 (36)

T 2
Ty
1+ ( ™S ) Tan
Equation (36) implies that price informativeness is increasing in the precision of investors’ private signals

(75), decreasing in the volatility of the payoff innovation (7,!), and decreasing in the volatility of

u
aggregate noise (T&ll) Through the lens of this model, one interpretation of our empirical results is
that investors have more precise private information about stocks with higher market capitalization
and high turnover. It is conceivable that investors acquire more private information about stocks with
higher market capitalization and high turnover because they can benefit from such information at a
larger scale. However, this conclusion is not obvious, since one may conjecture that larger firms attract

the attention of more unsophisticated traders, which would make the prices of those stocks noisy and
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uninformative, or that high turnover stocks feature a large number of noise traders, thus engendering low
price informativeness. Similarly, our time series empirical findings are consistent with an increase in the
average precision of private information relative to noise over the last few decades. Similar arguments
can be given for the other characteristics, e.g., value, institutional ownership, idiosyncratic volatility.

In the second model considered in Section 3, which features a representative agent, the relative

Qs

aggregate demand sensitivity to noise and information is also given £= = :—Z, but in this case the
precision of the noise embedded in the price 7a, is endogenous, which makes the connection between
informativeness and primitives less direct. As in the model with sentiment, we show that price
informativeness is increasing in the precision of investors’ private signals (75) and decreasing in the
volatility of the innovation (7,7 1). All else equal, it is also the case that price informativeness is decreasing
in the volatility of aggregate noise (T;,rll) Therefore, the interpretation of the results is almost identical
to the interpretation of the model with sentiment as noise. We should note that if we had allowed
for time varying risk aversion, the movements in discount rates could be interpreted as changes in the
(endogenous) volatility of Tay,.

Finally, the model with informed, uninformed, and noise traders delivers similar implications to the
model with sentiment. In this last model, price informativeness is increasing in the fraction of informed
investors and decreasing in the volatility of noise trading. Through the lens of this model, our empirical
results can be interpreted as concluding that large, high turnover, and high institutional ownership stocks
feature a higher share of informed investors relative to noise traders, and that the share of informed
investors has increased over the last few decades in relation to the volatility of noise trading.
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G Alternative Modeling Frameworks

Our identification results extend to any linear or log-linear setup. In this section, we illustrate how to
extend our results in the context of three different specifications. First, we extend our approximate results
to the case in which the payoff follows a stationary AR(1) process. Second, we develop our identification
results using an exact linear formulation for the price process under difference-stationary and stationary
specifications for the payoff. Third, we also provide the respective CARA-Normal models to microfound
these exact linear formulations.

G.1 Log-Linear Model in Levels

General framework and identification

We consider a discrete time environment with dates ¢ = 0,1,2,..., 00, in which investors trade a risky
asset in fixed supply at a (log) price p; at each date t. We assume that the (log) payoff of the risky asset
at date t + 1, x441, follows a stationary AR(1) process

Toy1 = o + PT 4 Uy, (37)

where p, is a scalar, |p| < 1, and where the innovations to the payoff, u;, have mean zero, a finite
variance denoted by Var [u;] = 02 = 7,1, and are identically and independently distributed over time.'"

We assume that the equilibrium price is given by

Pt =&+ boTt + P1Te41 + G, (38)

where ¢, ¢o, ¢1, and ¢, are parameters and where n; represents the aggregate component of investors’
trading motives that are orthogonal to the asset payoff, given by n; = p, + €, where E[¢}'] = 0 and
Var [e}}] = 02 = 7,;71. For simplicity, we assume that u; and n; are independent.

In this environment, the unbiased signal of the innovation to future payoffs u; contained in the price

level, which we denote by 7, is given by

T = bz (¢+ P1ie + ngfn + (¢O ki p¢1)$t) =ut+ % (nt — fin)

and absolute and relative price informativeness are respectively given by

2
72 = (Var [7y] 241, 2]) " = (Zl) 7, and TZ 7_~7_-:T .

Proposition 5. (Identifying price informativeness: log-linear case)
a) Absolute price informativeness. Let B, By, and 31 denote the coefficients of the following regression
of log-prices on realized and future log-payoffs:

pe =B+ Bowe + Przes1 + e, (R1-LL)

where p; denotes the date t log-price, xy and x4 respectively denote the dates t and t+1 log-payoff, and
where 02 = Var[e;] denotes the variance of the error. Then, absolute price informativeness, T, can be

17 As in the body of the paper, we index the innovation to the date ¢t + 1 payoff u; by t — instead of t +1 —
because investors may be able to learn about it at date ¢t.
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recovered by
2
1

F = .
2
Oc

The OLS estimation of Regression R1-LL yields consistent estimates of 31 and o>.
b) Relative Price Informativeness. Let Ri,m, denote the R-squared of Regression Ri1-LL. Let R2, (,
and (y respectively denote the R-squared and the coefficients of the following regression of log-price on

log-payoff,
pe = C + oy + €. (R2-LL)

Then, relative price informativeness, 72, can be recovered by

2 2
n_ . -R

4 1-R2
The OLS estimation of Regressions R1-LL and R2-LL yields consistent estimates of wa, and R2.

Proof. a) By comparing Regression R1-LL with the structural Equation (38), it follows that 8 = ¢-+dy jin,
Bo = ¢o, 1 = ¢1, and e, = ¢p,e?. Consequently, 02 = Var [e;] = (¢)° Var [e7] = (¢,)” 7,7 . Therefore,
we can recover absolute price informativeness as follows:

B <¢>
T 02 B an "

Given Equations (37) and (38), as well as the assumptions on u; and ng, it is straightforward to

show that the OLS estimates of Regressions R1-LL and R2-LL are consistent, which implies that price

_ @)

~\ 2
. . . . ~ . ~ . B
informativeness can be consistently estimated as 7z = = Formally, plim (7%) = plim ( ( 1) ) =

o o2
2
(%) Tn = Tr-

b) Note that the R-squareds of Regressions R1-LL and R2-LL can be expressed as follows

Var ({ozy)

and R? = .
Var (p;)

After substituting Equation (37) in Regression R1-LL, the following relation holds

Pt = 6 + G1phz + Snpin + (G0 + pP1) T¢ + Prus + ey (39)

By comparing Regression R2-LL with the structural Equation (39), it follows that { = ¢ + &1 iz + Gnfin,

Co = o+ po1, and &f = $ruy + Puey.
From Equation (39), the following variance decomposition must hold

Var (p:) = Var ({oxt) + Var (¢1us + ¢ney)
= Var (Gowt) + (¢1)° Var (u;) + Var (),
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which can be rearranged to express = as follows:

Tu

\Y% V. 2 - R2_,—R?
1= ar (Cozt) + ar (e) (¢1) Var () +1 | = Tr _ e ; z
Var(p:)  Var(p) | Var (es) Tu 1-R: .
—_— — |
B =
Therefore, relative price informativeness can be written as
TR . T# - 1 o Ri’zl - R%
T T4 T, 14 & 1-R2
O
Microfoundation
Time is discrete, with dates denoted by ¢ = 0,1,2,...,00. The economy is populated by a continuum

of investors, indexed by ¢ € I, who live for two dates. An investor born at date ¢ has well-behaved
expected utility preferences over terminal wealth w?, with flow utility given by U; (wi), where U/ () > 0
and U/’ (-) < 0.

There are two long-term assets in the economy: a risk-free asset in perfectly elastic supply, with gross
return R > 1, and a risky asset in fixed supply @, whose date ¢ (log) payoff is x; = In (X;) and which
trades at a (log) price p; = In (P;). The process followed by x; is given by

Tiy1 = U + PTe + Uy,

where Axy11 = 2441 — 2y, pe 18 a scalar, |p| < 1, and xg = Axzg = 0. The realized payoff z; is common
knowledge to all investors before the price p; is determined. The realized payoff at date t + 1, x4yq, is
only revealed to investors at date t + 1.

We assume that investors receive private signals about the innovation to the risky asset payoff.
Formally, each investor receives a signal about the payoff innovation u; given by

. ) _ . .
sp=u+ey with & ~ N (O,Ts ),

where €%, 1 &/, for all i # j, and u; L €, for all t and all 4.

We also assume that investors also have private trading motives that arise from random heterogeneous
priors that are random in the aggregate. Formally, each investor ¢ born at date ¢ has a prior over u; given
by

ug ~; N (ﬁi,Tﬁl) ,

u
where
n=n,+eb, with &b, XN (0,71,
and

ne =, +ep  with e} ~N(0,7,),

where (i, is a scalar, and where e} L Eim for all £ and all 5. The variable n;, which can be interpreted
as the aggregate sentiment in the economy, is not observed and acts as a source of aggregate noise,
preventing the asset price from being fully revealing.
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Each investor i born at date t is endowed with wealth wj, and optimally chooses a portfolio share in
the risky asset, denoted by 6}, to solve
max B [U, (u})] (40)
t

subject to a wealth accumulation constraint

. (X1 + P :
wi = (Rf + 6 (t“;: a —Rf>> wp, (41)

where the information set of an investor i in period ¢ is given by Z} = {si,ﬁi, {Zs}oey s {ps}s<t}.
The optimality condition of an investor who maximizes Equation (40) subject to the wealth
accumulation constraint in Equation (41) is given by

(X P, )
E {U{ (w?) (t“;tt“ - RJD‘I;} =0. (42)

We approximate an investor’s first-order condition in three steps.
First , we take a first-order Taylor expansion of an investor’s future marginal utility U’ (wzl) around
the current date ¢ wealth level wj. Formally, we approximate U’ (wi) as follows

U (w}) = U’ (wh) + U" (wh) Awt,
which allows us to express Equation (42) as

U’ (wh) Es {Xtﬂftptﬂ _ Rf] + U (wh) whs {((R.f —1) +6; (XH%:PM _ Rf)) (M%:PM _ Rf)] ~0.

Second, we impose that terms that involve the product of two or more net interest rates are negligible.
In continuous time, these terms would be of order (dt)?. Formally, it follows that

X1+ P X P, 2
(Rfl)Ei[Hl;ZMRf}zO and (E;{ngmeD ~0,

which allows us to express Equation (42) as

Xit1+ Py

U (wh) i [a - Rf] LU (w) wifiVar {XH*PH] ~0.

Py
Therefore, we can express an investor’s risky portfolio share 6; as

5Lt o]
977; ~ — ‘
v i | Xer1+Piga
7 Varl {73

(43)

wiU//(wz‘
U’ (w?)
Third, as in Campbell and Shiller (1988), we take a log-linear approximation of returns around a

where 7' = — denotes the coefficient of relative risk aversion.

predetermined dividend-price ratio. Formally, note that

P, X
([ ()
nl X _2t+1/) At
Xt+1 + Pt+1 0 Py

Xt

P, ’
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and
! (Xt+1 + Py
Y e e

5 > —1In (1 + eptﬂfxtﬂ) + Az — (pr— ),
t

where we define 7/ = In Rf. Following Campbell and Shiller (1988), we approximate the first term around
a point PX = eP~ %, to find that

PX
PX +1
= ko + k1 (Pe+1 — Teg1)

In (1 +elnPt+1—lnXt+1) ~ ln(l —|—PX) + (pt-i-l —Xi41 — P — x)

where ky = 5 and ko =In (1+ PX) — ki (p — 2).

Therefore, starting from Equation (43), we have that the risky asset demand of an investor 4 can be
approximated as _ _
l ko + k1 E} [pt+l - $t+1] + Ej [A$t+1} - (pt - 2Ut) —r/

0 ~ .
Py Var [kl (Pe41 — Tiq1) + A$t+1|IZ]

: (44)

where we define rf = In Rf and we used that e¥ ~ 1 +y.

In order to characterize the equilibrium it is necessary to characterize investors’ expectations. We
conjecture and subsequently verify that k1Ef [pry1 — 2441] + Ef [Azy1] is linear in s, 7}, and z; and that
Var [k1 (ps41 — 441) + Axyyq] is a constant, which we denote by V. Under this conjecture, 6} is a linear
function of s, x;, and 7, and it is given by

6}: ~ a;xt + aési + a;ﬁi — a;pt + ’l/)i.

Using this expression and the market clearing condition [ Oiwidi = Q implies

Oy Qg (7
Pt = —% + —=us + —ny +
Qp Qp Qp
This expression can also be written as
(o O Qg Q. Y Qg
pp=\—-——p|ri+ =21+t —m + | = — —pz | -
a, o [e} [e} a

Investors in the model learn from the price. The information contained in the price for an investor in the
@, o Tn )
frp = = (pt - (xfft + L pn — ))
Qs o o o

.2
T EVar[ﬁt|ut,xt]_1 = (ozs) T

model is

which has a precision

Qo
Then,
. . i —i a, o an b
— ~ T.8¢ T Nt 4+ 7. =2 — Szp, — S — =
E! =K i =i 7755%+Tu”t+7'fr7rt7 sS¢ + Tully + 7, \Pt ap -t o, Hn ap
t [ut} - utlstvntvpt - =
Ts + Tu + Tr Ts + Tu + Tr

and
Var [uﬂIﬂ =(Ts +Tu + Tﬁ—)il .
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Note that these two expressions imply that our conjectures above are satisfied. To see this note that

k1 E; [Pt+1 — Te41] + E; [Aziqq] = ki E; |:ax96t+1 + %utﬂ—l + gnt-kl + g — $t+1:| + Ei (e + (p— 1) z¢ + w]
Qp Qp Qp Qp

— ks (Ei KO‘” - 1) Tip1 + O‘Sum} + 2+ ¢> +(p— 1)@t + pro + El [ui]
a ap ap

P

=k << - 1> (1= + By [ud]) + <az - 1> Pt + < iy + ¢> +(p— 1) @ + po + Ef [ue]
P Qp Qp Qp

_ @ o, 1 i @ (-1 W
k1(<ap 1+k1>(uz+Et[ut])+<<% 1)p+ o >xt+apun+ap)

where we used that Ef [us41] = 0 and that Ef [}, ;| = 0. Moreover,

» ra7 as an, ;
Var [k (pr41 — Ti41) + Azyy1|Z;] = Var {kl (( - 1) Ter1 + — U1 + ﬂt+1> + ut|It:|
Qp Qp Qp

— 1\2 ' —\2 , 2 _
=k? (Ou -1+ ) Var [u|T;] + ki (%) Var [ug1|Z7] + ki <ozn) Var [e}'|Z{]
k1 o 0l

ap

@ 1)\? @\’ o\’
=k? <m1+) (Te +Tu+72) " + K2 <s) o+ k2 <n> Tt

o ky o o

Using these expressions in the first-order condition and matching coefficients gives

o1 @ 1 Tr 2z @ 1
L[ (E ) E (=,
Kj ap kl Ts + Ty + T# ap kl
- 1 o 1 s
e (E )
’ K Qap ki) 7s + Ty + T2

. 1 oy 1
ozﬁl:lﬁ(%—l—!- ) T

o ki) 7s + Ty + T2

o1 a; 1 Tr S
I P -
K o ki) s+ 70+ 7h

. o 1 Tﬁg @ W
== (ko + ki —(—1+> Ly +<un+¢>—rf
R Qayp k1 Ts +Tu+ Tr Qp Qp

where x; = v*Var [kl (pr41 — xpg1) + Aa:t+1\l'f].
In this equilibrium, our guess in Equation (44) is verified and the equilibrium price is linear and can

—_

be expressed as in Equation (38).

G.2 An Exact CARA-Normal Formulation

In an earlier version of this paper, we developed our identification results using an exact linear formulation,
motivated by the use of a CARA-Normal framework, which is the workhorse model in the learning
literature, see e.g., Vives (2008) and Veldkamp (2011). In this section, we reproduce our identification
results using these exact linear formulations in the case of difference-stationary and stationary linear
payoffs, and we provide microfoundations in the context of CARA-Normal models.
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G.2.1 Difference-stationary linear payoff

General framework and identification We consider a discrete time environment with dates
t=0,1,2,...,00, in which investors trade a risky asset in fixed supply at a price P; at each date t. We
assume that the payoff of the risky asset at date t+1, X;1, follows a difference-stationary AR(1) process

AX i1 = pax + pAXy + uy, (45)

where pax is a scalar, |p| < 1, and where the innovations to the payoff, us, have mean zero, a finite

2

2 — 71 and are identically and independently distributed over time.

variance denoted by Var[u;] = o
We assume that the equilibrium price difference is given by

AP, =3+ $oAX, + $1AX 41 + $ulny, (46)

where ¢, ¢g, ¢1, and ¢, are parameters and where n, represents the aggregate component of investors’
trading motives that are orthogonal to the asset payoff, given by An; = pa, + 2", where E [EtA"] =0
and Var [5?"] =02 = T&}L. For simplicity, we assume that u; and An; are independent.

In this case, the unbiased signal of the innovation to the change in the future payoff u; contained in
the price, which we denote by II;, is given respectively by

AP, — (¢+ + Snptan + (¢o + pé1) AX n
= t (¢ PLiaX ¢¢1MA (¢0 + po1) t) =u + % (Ang — pan)

and absolute and relative price informativeness are given by

11y

&
on

I
T + Tu

2
m = (Var [I1] AXtH,AXt])*l = ( > Tan and T =
Proposition 6. (Identifying price informativeness: difference-stationary linear case)

a) Absolute price informativeness. Let B, By, and B denote the coefficients of the following regression
of prices on realized and future payoffs:

AP, = B+ BoAX; + 1AXi41 + e, (R1-Linear-Diff)

where AP, denotes the date t price change, AXy and AXyy1 respectively denote the datest and t+1 payoff
change, and where 02 = Var[e,] denotes the variance of the error. Then, absolute price informativeness,

11, can be recovered by

_B

T = .
ol

The OLS estimation of Regression R1-Linear-Diff yields consistent estimates of 31 and o>.

b) Relative Price Informativeness. Let RQAX,AX’ denote the R-squared of Regression R1-Linear-Diff.
Let R i, ¢, and (y respectively denote the R-squared and the coefficients of the following regression of
price differences on payoff differences,

AP, =+ CoAX; + €. (R2-Linear-Diff)
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Then, relative price informativeness, T, can be recovered by

2 2
r_ Baxax — Rax
=" g2
AX

The OLS estimation of Regressions R1-Linear-Diff and R2-Linear-Diff yields consistent estimates of
RQAX’AX, and RZAX.

Proof. a) By comparing Regression R1-Linear-Diff with the structural Equation (46), it follows that
B =&+ dntian, Bo = ¢o, B1 = ¢1, and e; = ¢,e2". Consequently, 02 = Var [e;] = (¢n)2Var [EtA"] =
(¢n)2 T&IL. Therefore, we can recover absolute price informativeness as follows:

m B ()"
11 0_3 ¢n An-

Given Equations (45) and (46), as well as the assumptions on u; and ny, it is straightforward to show that
the OLS estimates of Regressions R1-Linear-Diff and R2-Linear-Diff are consistent, which implies that

~\ 2 ~\ 2

L . . . —~ B .~ . B
price informativeness can be consistently estimated as 777 = ( 12) . Formally, plim (717) = plim ((12)) =
Ue Ue

2
(%) TAan = TII-
b) Note that the R-squareds of Regressions R1-Linear-Diff and R2-Linear-Diff can be expressed as

follows:
Var (et)

R y =1 —
AX,AX Var (AP,)

After substituting Equation (45) in Regression R1-Linear-Diff, the following relation holds:

Var ((oAX)
2 _
and - Fax = Var (AP,)

APy = ¢+ ¢1pax + dnpian + (do + pd1) AX; + drus + dpep ™. (47)

By comparing Regression R2-Linear-Diff with the structural Equation (47), it follows that ( = ¢ +

SLiax + Gnan, Go = do + p1, and ef = drug + dnef.
From Equation (47), the following variance decomposition must hold:

Var (AP;) = Var ((AX;) + Var (¢1us + ¢per™)
= Var (GoAX,) + (¢1)? Var (u;) + Var (&) ,

which can be rearranged to express 7% as follows:
w

2 2
m _ Baxax — Rax

~ Var (Gory) n Var (er) (61)° Var (ug) +1 | = — =

~ Var(AP;)  Var(AP,) | Var(e) Tu 1 —Rix axs
R x 17R2AX,AX/ %

Therefore, relative price informativeness can be written as

2 2
™ 1 RAx ax — Rax

TH+Tu_1+i_ 1—RAy

Tu
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Microfoundation Time is discrete, with periods denoted by t = 0,1,2,...,00. Each period t, there
is a continuum of investors, indexed by ¢ € I. Each generation lives two periods and has exponential
utility over its last period wealth. An investor born at time ¢ has preferences given by

Ui (weg1) = —e 700

where « is the coefficient of absolute risk aversion and w41 is the investor’s wealth in his final period.
There are two long-term assets in the economy: A risk-free asset in perfectly elastic supply, with return
R > 1, and a risky asset in fixed supply @ that trades at a price P; in period t.!® The process for the
payoff of the risky asset each period t is given by

AXip1 = piax + ug,

where AX; = X; — X;_1,4ax is a scalar and Xg = 0. The payoff X, is realized and becomes common
knowledge at the end of period ¢t — 1. The innovation in the payoff process, u;, and, hence, X;;1 are
realized and observed at the end of period ¢. The innovations to the payoff are independently distributed
over time.

To preserve tractability, we assume that investors’ private trading needs arise from random
heterogeneous priors — see Davila and Parlatore (2021) for a thorough analysis of this formulation.
Formally, each investor 7 in generation ¢ has a prior over the innovation at time ¢ given by

Uy ~; N (ﬁi,ﬂ:l) ,

where
—3 i . 4 iid 1
ny =ng ek, with eh, ~ N (0,71)

and Any = jia, +€27 with e ~ N (0, T&i). The term n; can be interpreted as the aggregate sentiment
in the economy, where n; 1 E%t for all ¢ and all 4. The aggregate sentiment n; is not observed and acts as
a source of aggregate noise in the economy, preventing the price from being fully revealing. For simplicity
we assume n; L ugys for all ¢ and all s. Moreover, we assume investors think of their prior as the correct
one and do not learn about the aggregate sentiment from it.*

Each investor i in generation ¢ receives a signal about the innovation in the asset payoff u; given by

si=uy+¢., with e, ~N (0,7,

and €%, 1 &/, for all i # j, and u, L &, for all ¢ and all .

The asset demand submitted by investor ¢ born in period ¢ is given by the solution to the following
problem ‘

7
max (E [Xet1 + R 'peni [T — P) Qf — %Vaf [Xis1 + RTPa|T] (Q))
t

where I} = { Xy, s}, 7, P} is the information set of an investor i in period t.

The optimality condition for an investor ¢ in period ¢ satisfies

E [Xt+1 + RflPt+1|Iti] - B

Qf = — -
t wVar [Xt+1 + R—lPt+1|Z§]

18To simplify notation, we denote the risk-free rate by R, instead of R' as we did in the body of the paper.
¥D4vila and Parlatore (2021) show that the equilibrium structure is preserved if this assumption is relaxed.
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In a stationary equilibrium in linear strategies, we assume and subsequently verify that the equilibrium
demand of investor ¢ can be expressed as

Q) = o\ Xy + ays; +a,n, —apP + 7, (48)
where af, of, o, ) Qs

and Y’ are individual equilibrium demand coefficients

i . Market clearing and the
Strong Law of Large Numbers (SLLN) allows us to express the equilibrium price in period t as

where we define cross-sectional averages ax = f oy di, o

= [aldi, ap = [albdi, and ¢ = [idi
The unbiased signal of the innovation in the payoff contained in the price is

(Pt :HAn* Xfw>

- Q.

3
b

II, =

Q

S

ny — ,u‘A‘IL) 9
ap
where

I X1, Xe ~ N (Ut,Tﬁl) ;
with price informativeness given by

—\ 2
_ Qg
I = (Var [Ht|Xt+1,Xt]) ! (a) TAn-

Given our guesses for the demand functions and the linear structure of prices we have

ax [ O )
Xt+1 + R Pt+1 = Xt+1 + RilaixXtJrl + RilaisUHJ + R~ —N¢41 + R 1 w
P

ap

1+R™ lax> E [Xi1|Z)] + Rfl%E [ig1] + RflgE (1] + R71£
ap ap

ap «
<1+R 1ap) (X +E [lF]) + R ] + R s + R

E [Xt+1 + RflPt+1|Iti] = <

p
and

“U

2 —
Var [X;11 + R Piya|Z}] = (1 + R—13X> Var [Xy41|Z7] + (R‘l -
P

2 _\2
s _10n
OzP) Var [uy1] + (R 1ap> Var [ns41]
_\2 _
= (1+R X)) Var[u|i] + (R
ap ¢

2 _\2
) Var [ug1] + <R_1a"> Var [ns41] -
ap

ap
Moreover, given the Gaussian structure of the signals in the information set, Bayesian updating implies

. . On _ aX —_
i —i TsSy + Ty + Trlle s ,UAn X p>
E [u]s;,m;, Pr] = =
ty gy L't
Ts + Tu + i R+m+m
and

Tsst + TAnnt —+ +7—H (Pt

3

Var [ut|ItZ] = Var [tﬂsi,ﬁi, Pt] =(1Ts +7Tu+ Tn)il
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Then, the first-order condition is given by

(14 R7'EZ) (X, + Var [wlTi] (rosi + 77t + mall) ) + R Z2E [uga] + R Zepian + R'Z — Py

@

1
v (1 + Rflg)zVar [ue|Zie) + (Rfl%f\far [ue1] + (Rfl—)zr&ll

QXn
ap

Q; =

Matching coefficients we have

4 <1+R—1%) ,
of = TVaur [ut|I§] Ts (49)
(14 RE) .
o = S Var [u/Zi] 7
1+R12x ax
o& — w (1 — Var [uﬂI}] TH?)
1 ax . O
ap = — (1 - (1 * Rliii) Var [ufZ:] T“Zf)

_ 1 ax . o b o D
YP=—— <<1 +Rlax) Var [u|Z{] <%MAn + dj) -R! <%,UAn + 1/J>> )
KR ap Qg Qg ap ap

where

=

2 2 _\2
K= »yi ((1 +R—1ax) Var [ut\Iti] + (R—las> Var [ug1] + (R—lo‘”) TA711> ,

ap ap ap

since Var [u|Z}] = (5 + 7 + )~ for all 7.

Then, an equilibrium in linear strategies exists if the system above has a solution. In this equilibrium,
our guess in Equation (48) is verified and the equilibrium price is linear and can be expressed as in
Equation (51).

Note that the if the investors are ex-ante identical, the demand sensitivities are the same for all 7.
Then, there exists a unique solution to the system in Equations (49) given by

. 1 1 Ts . 1 1 T

ot = — ol = — n
® K‘l_R_lTu"'Ts"'TH’ " HI_R_lpTu‘f'Ts‘i‘TH
) 1 ; ; 1 ;

o’y = LT a's = Ts and

kl—R Y71y 4+m’ KTs+ T

W= 7%# ((1 - Rfl) ™ — RflTS) ﬁum
1+ (1 — R_l)TH — R—lTS )

2
where 71 = (:—5) TAn, and
u

2 2 2
1 1 B 1 Ts + T 1 R! Ts+Tn T 1
= R 1 *
m 7((lRl> Tu+75+m+( 1R1¢u+75+m) Tu +(1R17u+75+m75 Tan

G.2.2 Stationary linear payoff

General framework and identification Consider a discrete time environment with dates
t =0,1,2,...,00, in which investors trade a risky asset in fixed supply at a price P, at each date ¢.
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We assume that the payoff of the risky asset at date ¢t + 1, X;41, follows a stationary AR(1) process
X1 = px + pXe + ug, (50)

where pyx is a scalar, |p| < 1, and where the innovations to the payoff, u;, have mean zero, a finite
variance denoted by Var [u;] = 02 = 7,7}, and are identically and independently distributed over time.

We assume that the equilibrium price is given by
Py = ¢+ ¢o Xt + ¢1X141 + dnny, (51)

where ¢, ¢o, ¢1, and ¢, are parameters and where n; represents the aggregate component of investors’
trading motives that are orthogonal to the asset payoff, given by n; = u, + €, where E [¢}] = 0 and
Var [e?] = 02 = 7, 1. For simplicity, we assume that u; and n; are independent.

In this case, the unbiased signal of the innovation to the change in the future payoff u; contained in
the price, which we denote by Il;, is given by

f[ _ Pt_(¢+¢1NX+¢;1M71+(¢0+p¢1)Xt) Zut'f'%(nt_ﬂn)

and absolute and relative price informativeness are given respectively by

-1 01 2 R i
Xt+17Xti|> = d)— Tn and Tf[ = ﬁ
n jui u

ﬁ
|

T = (Var [ﬁt

Proposition 7. (Identifying price informativeness: difference-stationary linear case)
a) Absolute price informativeness. Let B, By, and B, denote the coefficients of the following regression

of prices on realized and future payoffs,
Py =B+ BoX: + b1 Xey1 + e, (R1-Linear)

where P; denotes the date t price, X; and X¢y1 respectively denote the dates t and t + 1 payoff, and
where 02 = Var[e,] denotes the variance of the error. Then, absolute price informativeness, Ty, can be
recovered by

S
= 52
The OLS estimation of Regression R1-Linear yields consistent estimates of 31 and o2.
b) Relative Price Informativeness. Let R%{,X’ denote the R-squared of Regression RI1-Linear. Let
R%, (¢, and (o respectively denote the R-squared and the coefficients of the following regression of price

differences on payoff differences,
AP, = + (AX, + ef. (R2-Linear)

Then, relative price informativeness, TI%%, can be recovered by

2 2
n_ B — Y

o 1-R%

The OLS estimation of Regressions R1-Linear and R2-Linear yields consistent estimates of R%QX, and
R%.
Proof. a) By comparing Regression R1-Linear with the structural Equation (38), it follows that 8 =
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$+ ¢n/1“m BO = ¢Oa ﬁl = ¢1) and €t = (bng? Consequently, Ug = Var [et] = (¢n)2 Var [5?] = (¢n)2 77:1'
Therefore, we can recover absolute price informativeness as follows

2 2
T = (i'l; = (zi) Tn.

Given Equations (50) and (51), as well as the assumptions on u; and ng, it is straightforward to show

that the OLS estimates of Regressions R1-Linear and R2-Linear are consistent, which implies that price

_ @) (5)°

informativeness can be consistently estimated as 7y = ~——. Formally, plim (7;1) = plim( ~ ) =
g

0—2
2
(—i;) Tn = Tg-

b) Note that the R-squareds of Regressions R1-Linear and R2-Linear can be expressed as follows

e

Var (e;) ~ Var (¢oXy)

R2 r = ]. e d R2 = .
XX Var (P;) an X Var (P;)

After substituting Equation (50) in Equation (51), the following relation holds
Py = ¢+ drpux + dnpin + (G0 + pd1) Xo + $rue + ney- (52)

By comparing Regression R2-Linear with the structural Equation (52), it follows that ( = ¢ + ¢1ux +

ubin, Co = do + pd1, and &f = drus + due}.
From Equation (52), the following variance decomposition must hold

Var (P;) = Var ((oX:) + Var (¢rus + dner)
= Var ((oX;) + (¢1)° Var (u;) + Var (e;)

. TT
which can be rearranged to express - as follows
u

R3% v — R3
Var (ut) +1 | = Tj — XX X

_ Var (Cow:)  Var () (¢1)2

Var (P;)  Var(P;) | Var(e;) Ty 1—R%
—_—— | —-on— ’
R% I_Ri(,x’ :71'1

Therefore, relative price informativeness can be written as

2 2
R_ _ T 1 Ry x — Ry

i Tﬁ-i-Tu:l—l—i: 1-R%

Tu

O

Microfoundation Time is discrete, with periods denoted by t = 0,1,2,...,00. Each period ¢, there
is a continuum of investors, indexed by i € I. Each generation lives two periods and has exponential
utility over its last period wealth. An investor born at time ¢ has preferences given by

Ui (Weg1) = —e
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where ~ is the coefficient of absolute risk aversion and w1 is the investor’s wealth in his final period.
There are two long-term assets in the economy: A risk-free asset in perfectly elastic supply, with return
R > 1, and a risky asset in fixed supply @ that trades at a price P; in period ¢t. The payoff of the risky
asset each period t is given by

Xip1 = px + p X + g,

where px is a scalar, |p| < 1, and Xy = 0. The payoff X; is realized and becomes common knowledge at
the end of period ¢ — 1. The innovation in the payoff, u;, and, hence, X;1; are realized and observed at
the end of period t. The innovations to the payoff are independently distributed over time.

To preserve tractability, we assume that investors’ private trading needs arise from random
heterogeneous priors — see Ddvila and Parlatore (2021) for a thorough analysis of this formulation.
Formally, each investor ¢ in generation ¢ has a prior over the innovation at time ¢ given by

uy ~; N (ﬁi,ru_l) ,

where
—i i . 5 did —1
ny =ng+eg wWith e ~ N (O,Tﬁ ) ,

and ny = p, +€f with el ~ N (0, Tn_l). Note that n; can be interpreted as the aggregate sentiment in
the economy, where n; L s%t for all t and all i. The aggregate sentiment n; is not observed and acts as a
source of aggregate noise in the economy, preventing the price from being fully revealing. For simplicity
we assume n; L ugys for all ¢ and all s. Moreover, we assume investors think of their prior as the correct
one and do not learn about the aggregate sentiment from it.?°

Each investor ¢ in generation ¢ receives a signal about the innovation in the asset payoff u; given by
si = Ut +5it with sit ~ N (O,Tgl) ,
and &, | ¢/, for all i # j, and u, L €%, for all ¢ and all i.

Definition. The asset demand submitted by investor ¢ born in period ¢ is given by the solution to the
following problem:

Hggx (E [Xt-l-l —+ Rilpt+1|Iti] — Pt) Q; — %Var [Xt—i-l =+ RilPt-‘rl‘Itth (Qi)Q,
t

where Z} = {si,ﬁi, {Xs}oey s {Ps}s<t} is the information set of an investor ¢ in period ¢.
The optimality condition for an investor 4 in period t satisfies

Qi = E X1+ R'P|Z]] — P,
Y yiVar [Xyp1 + R71Poq|T]]

In a stationary equilibrium in linear strategies, we assume and subsequently verify that the equilibrium
demand of investor ¢ can be expressed as

AQ; = ok X¢ + ajsi + o Ty — ap P+ U7, (53)

7
p’

where aé, al, ol ol and 9 are individual equilibrium demand coefficients. Market clearing and the

20D4vila and Parlatore (2021) show that the equilibrium structure is preserved if this assumption is relaxed.
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Strong Law of Large Numbers allows us to express the equilibrium price in period ¢ as

ax as an P
Pt::XXt+:SUt+:nnt+£,
ap ap ap ap
where we define cross-sectional averages ax = [ o' di, @, = [aldi, ap = [abdi, and ¢ = [idi — Q.
The unbiased signal of the innovation in the payoff contained in the price is
. ap ravm ax b o
I, = — <Pt—n#n—Xt—> = up + == (14 — fin) ,
Qg Qg ap ap Qg
where
4| Xpy1, Xe ~ N (Ut;Tn ) )
with price informativeness given by
a2
A aS
= (Var [Ht|Xt+1,XtD - <) Tn.
(e70)
Given our guesses for the demand functions and the linear structure of prices we have
K3
Xt+1 + R Pt+1 Xt+1 + R~ 7Xt+1 + R 7Ut+1 + R 7Tlt+1 + R~ 1 y
ap P ap
- _

E [us41] + R'E Neg1| + R_li

ap ap

xa

ap’

_10x ; _

14+ Rt E[X, 1T + R
( + ap) [ t+1| t] + =
[ut+1] +R7! 7’un + R~

E [Xt+1 + R_1Pt+1|1ﬂ =

ax 4
= (1 + R-1X> (pXe +E [w|Z]) + R —=
P
and
_ =\ 2 _ =\ 2 a=\2
Var [X;11 + R Pia|Z}] = <1 +R1X> Var [ X, 1|Z] + <Rls> Var [ug41] (R1"> Var [ng41]
ap ap ap
o=\ 2 ‘ a\ 2 2
(1 +R! X) Var [w|Z}] <R15> Var [upy1] + (R 1) Var [ng41]
ap ap ap
Moreover, given the Gaussian structure of the signals in the information set, Bayesian updating implies
- A o ax P
P i TeSy + TuTy + Tl To8] + Tally + +T o . (Pt ZS Hn — % t E)
[utlstvntﬂpt] = = )
Ts+7u+7-ﬁ Ts+7-u+7-f[
and
Var [uJIﬂ = Var [ut\si,ﬁi, Pt] (Ts + Tu + TH)_l
—10, 149 _

Then, the first-order condition is given by
AR [ug4]

(1 +R! "‘X) (pXt + Var [ut\I ] (Tssi + Tl + THHt)) R!
(1 + R_I%) Var [us|Z;:] + (R‘l (T;)QVar [us 1] + (R—l%ﬁ) T !

i 1
Qt:¥
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Matching coefficients we have

ol = @Var [u |I’] (54)
s Kl t
. (1 +R! aé)
ay, = —lVar [w|Z}] 7,
K
: 1+R1EX e
al = (K,’L) (p — Var [u,|Z{] Tﬁij:)

. 1 av T
ap = <1 — <1 + Rlz);> Var [u|Z;] Tﬂzp)

W= _l ((1 + R 1% )Var [ut|I ] Th (anun + dj) —R! (anun + ¢>) ;
Kt ap s a ap ap

__\2 2 —\ 2
k' =t ((1 + R_1aX> Var [ut|It’] + <R_1 % ) Var [us41] + (R_lan> Tn_1> )
ap ap ap

since Var [w|Z}] = (75 4+ 7u + Tﬁ)il for all 3.
Then, an equilibrium in linear strategies exists if the system above has a solution. In this equilibrium,
our guess in Equation (53) is verified and the equilibrium price is linear and can be expressed as in

where

Equation (51).
Note that when investors are ex-ante identical, the demand sensitivities are the same for all . Then,
there exists a unique solution to the system in Equations (54), that is given by

. 1 1 Ts i 1 1 T
Ong:* ) O‘:zzi .
Rl -=RlpTm, 1o+ Ty Kl1=R1p7y +7s+7g
. 1 P Ts 1 Ts
i ’L
1 - d
ax kl—R'prg+ 13 “r = KT+ Tg "
1 1 -
wi__;m((l—R )i = RO g
= 1+ (1 - R — Ry ’

2
— (7=
where 7 = (m) T, and

2 2 -1 2
1 1 1 Ts + T _ R Te+ Ty T —
K=" — =+ R_l — i 11 Tu1+ = i 1 2 Tnl .
1-R1tp) 7u+71s+1g 1-R1lpry+7s+1p 1-Rtpry+7s+ 75 7s
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