What Does the Market Know ?*

Irina Luneva’

December 14, 2023

Abstract

Investors’ information about different aspects of financial reporting — firm fundamentals and man-
agers’ reporting objectives — affect earnings quality and price efficiency unambiguously (Fischer and
Stocken (2004)), making proper measurement of these types of information important for researchers
and policymakers. I develop a structural approach that uses firms’ prices and analyst forecasts to mea-
sure how much fundamental and misreporting incentives information investors know. The new tech-
nique is used to estimate the amount of information an average U.S. investor has, and the magnitude of
the trade-off between reporting quality and price efficiency. I also apply the technique to complement
and expand upon antecedent reduced-form studies. In particular, I study the extent to which expanded
compensation disclosures increased investors’ information about managers’ incentives, and the extent to
which early reporting firms’ earnings releases spillover and subsume the information conveyed by late

reporting firms.
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Introduction

Earnings are among the most important statistics employed in valuing a firm. As such, managers some-
times bias reported earnings to achieve valuation-related objectives and, to the extent that investors cannot
perfectly adjust for that bias, earnings management undermines the value relevance of earnings. Given the
importance of earnings for valuation, the information content of earnings and earnings management have
been profoundly studied. While the focus on earnings is undoubtedly warranted, plenty of other informa-
tion is available to capital market investors; and incremental value relevance of earnings depends on the
nature of that other information. If that other information substitutes for earnings by providing information
about firm fundamentals, the incremental value relevance of earnings decreases all else equal. All else is
not equal, however, because managers’ incentives to bias earnings decrease as well, which increases the
information content of earnings. On the contrary, if that other information complements earnings by pro-
viding information that helps investors better adjust for the earnings bias, the incremental value relevance
of earnings increases all else equal. Again, all else is not equal, because managers’ incentives to manage
earnings increase as well, which reduces the information content of earnings. Hence, to develop a more
complete understanding of the valuation role of earnings and earnings management, we need to understand
more thoroughly the nature of the other information available to investors in capital markets. In this study,
I aim to fill this void and measure the amount of other information investors have about firm fundamen-
tals, an information substitute for reported earnings, and the amount of information investors have about
management reporting objectives, an information complement to reported earnings.

Because the market’s information can come from many sources some of which may be unobservable,
I use a structural approach to measure the two types of information in aggregate. I apply the developed
technique to address two sets of questions. First, I consider the implications of the nature of other informa-
tion for two constructs of particular concern to policymakers and regulators: the amount of value-relevant
information impounded into stock prices — price efficiency — and the degree to which reported earnings
faithfully represent the underlying fundamental earnings — earnings quality. Second, I illustrate how the
approach can be employed to complement and expand upon antecedent reduced-form studies. In particular,
I study the extent to which expanded compensation disclosures increased investors’ information about man-
agers’ incentives, and the extent to which early reporting firms’ earnings releases spillover and subsume the

information conveyed by late reporting firms.



I build a dynamic earnings management model based on Fischer and Stocken (2004) that features a
manager who governs a company and reports earnings every year to investors in the stock market. The
manager is concerned with the firm’s stock price and has full information about firm fundamentals — the
actual value of the firm’s earnings — and her misreporting incentives — the extent to which she cares about
the price. The manager can bias the reported earnings at a cost, which is a function of not just the current
bias but cumulative bias in all reports the manager released in the past. The stock market prices the firm at
the expected value of its discounted future earnings. In contrast to the manager, investors know only part of
the fundamental and misreporting incentives information known by the manager.

In equilibrium, how the amount of investors’ information affects firm price efficiency and quality of
reported earnings depends on the nature of that information. When investors know more about firm funda-
mentals, their reaction to the earnings report, i.e. earnings response coefficient (ERC), decreases, reducing
the manager’s incentives to bias earnings and thus improving the quality of earnings. On the other hand,
when investors know more about the manager’s reporting objective, their reaction to the earnings report
increases, boosting the manager’s misreporting incentives and reducing the quality of earnings. At the same
time, price efficiency improves when investors know more information of either type. The different effects
of different types of investors’ information highlight how regulators’ objectives may be at odds when con-
sidering disclosure policies. If a policymaker seeks to maximize the representational faithfulness of reported
earnings for a non-market-participant (e.g., the government), she would choose to restrict investors’ infor-
mation about managers’ reporting objectives as much as possible. Such a policy, however, would undermine
the efficiency of stock prices, hurting stock market investors.

To identify unobserved investors’ information, I rely on three series in the data: reported earnings, prices,
and analyst forecasts. Firms’ prices, representing investors’ beliefs about the ultimate values of firms, serve
to uncover the amount of fundamental information investors have. Analyst forecasts, which aim to closely
predict the upcoming reported earnings (Mikhail et al. (1999), Hilary and Hsu (2013)), help identify both
the market’s information about the fundamental earnings and about the bias that the manager will add to the
fundamental earnings when she reports, which is a function of the manager’s incentives.

Because companies provide a lot of information besides their earnings reports on their earnings report
days, I separately estimate how much information investors learn on these days and on other days during
a given year. Short-window changes in firms’ prices and analyst forecasts that are not explained by the

earnings report help to identify the amount of information the market learns from sources other than reported



earnings on the earnings report day. Prices’ and analyst forecasts’ movement during a year excluding the
report day, in turn, measure the amount of information that the market learns on other days.

The estimates of the structural model suggest that while firm earnings are volatile, investors already
know a large portion of earnings before the report is disclosed. For 32% of companies, a yearly shock to
fundamental earnings deviates from its mean by more than 17% of the companies’ book value. The market
anticipates about 88% of this shock from sources other than the manager’s report, and 18% of this 88% is
learned about one year ahead, concurrently with the previous earnings report. Hence, investors appear to
know a lot about firm earnings, and only a small part of this knowledge is acquired when prior earnings are
released, suggesting that sources other than managerial guidance or concurrent analyst reports are important
for the market learning about fundamentals. In contrast, managers’ misreporting incentives are more volatile
in general and more opaque to investors. In 32% of firms, a yearly shock to managers’ sensitivity to the firm’s
stock price deviates from its mean by about 37% of the firm’s book value. Investors anticipate about 53%
of the managers’ incentives, and almost all of this information is learned on the earnings report day from
sources other than the report itself. Perhaps, corporate management’s and analysts’ expectations for the next
earnings formed on the earnings report day set investors’ beliefs about managers’ reporting objectives for
the next year, and other information received throughout the year does not alter investors’ beliefs by a lot.

I use the obtained estimates of investors’ information to evaluate earnings quality and price efficiency.
The results strongly support the presence of earnings management and substantial mispricing. Reported
earnings differ from the underlying fundamental earnings by about 1.4 standard deviations of reported earn-
ings. This conclusion is broadly consistent with Beyer et al. (2019) whose tests strongly reject a null hy-
pothesis of zero reporting noise. The market value of an average firm would be different by about one-third
of the firm’s book value if investors knew all the information available to the firm’s management.

Next, I demonstrate how the developed technique can be employed to complement and expand upon
existing reduced-form studies. First, I study the effect on investors’ information of the enhanced compen-
sation disclosures after the introduction of the Compensation Disclosure and Analysis (CD&A) section in
companies’ proxy statements. Prior studies (e.g., Ferri et al. (2018)) have documented an increase in the
ERC for firms subject to the regulation. It remains less clear, however, which forces drive the change in
the ERC. On the one hand, CD&A in 2007 could have provided investors with more information on man-
agerial incentives, increasing the ERC. At the same time, the financial crisis in the post-2007 period may

make investors less certain about firm fundamentals, also increasing the ERC. The two concurrent forces



are difficult to disentangle using a standard reduced-form approach. To evaluate the magnitudes played by
the two forces, I structurally estimate my model on the pre-CD&A and the post-CD&A data. I find support
for both forces: the amount of investors’ information about managerial incentives increased by about 37%,
and the amount of investors’ information about firms’ fundamentals decreased by about 33% in the period
after the CD&A, suggesting that the increase in the ERC cannot be attributed solely to the effect of the
regulation. This finding highlights the importance of considering changes in the entire economic system
when evaluating outcomes of information-related policies.

Second, I expand upon the antecedent literature on spillovers of information from firms reporting early
in the earnings report cycle to firms reporting late in the earnings report cycle (e.g., Ramnath (2002), Savor
and Wilson (2016), Hann et al. (2019), Ogneva et al. (2021)). Prior research has found that early reporters
get substantial market reactions on their reporting days because they convey information not only about
their idiosyncratic factors but also about an economy-wide factor. Following that logic, late reporters should
obtain lower market reactions on their reporting days because investors have more information about late
reporters’ fundamentals from early reporters’ reports. However, lower market reaction to late reporters’
reports can also be due to investors being more uncertain about these reporters’ misreporting incentives
(Trueman (1990)). To disentangle the two explanations, I estimate the structural model separately for firms
reporting early and firms reporting late in the earnings report cycle. Both explanations appear valid: while
late reporters’ fundamentals are indeed about 94% more predictable, late reporters’ managers’ misreporting
incentives are about 68% more uncertain. The two effects taken together imply that late reporters’ price
efficiency and representational faithfulness of earnings are lower compared to early reporters.

This study is broadly related to two streams of literature in accounting. The first aims to measure how in-
formative accounting numbers are for different users. Following Ball and Brown (1968) and Beaver (1968)’s
discovery that financial markets react to news in earnings announcements, researchers try to measure how
meaningful is the information content of accounting reports. One of the intuitive metrics is the proportion
of variance in returns that is explained by earnings announcements. Ball and Shivakumar (2008) find that
quarterly announcements explain about 5-9% of companies’ annual returns. My approach can not be di-
rectly mapped into theirs because I am not attempting to explain the variance of firms’ returns in detail and
thus avoid using return variance in the estimation. However, my estimates provide an upper bound of the
information about fundamentals conveyed to investors by earnings: about 12% of fundamental information

is privately known by the manager and disclosed (with bias) to the market in earnings reports.



Other studies exploit statistical properties of accounting accruals to identify the amount of bias con-
tained in reported earnings (e.g., Sloan and Sloan (1996), Dechow and Dichev (2002), Gerakos and Kovri-
jnykh (2013), Nikolaev (2019)). An earlier approach treated earnings with a high degree of persistence as
high quality (e.g., Revsine et al. (2001), Penman (2012)). My paper shows why this method may not be
accurate: bias in earnings driven by stock-price-related managerial incentives can also be persistent when
managers’ incentives to misreport are persistent. Gerakos and Kovrijnykh (2013) develop a novel way to
measure misreporting, which is based on the notion that companies’ misreporting must be correlated with
their performance. Whereas this approach is a big step towards our understanding and measurement of fi-
nancial reporting bias, it does not account for the extent to which managers have incentives to misrepresent
their companies’ fundamental performance. My study suggests that reporting objectives play a considerable
role in explaining bias in financial reports. Perhaps this is the reason why our estimates of misreporting mag-
nitude differ: Gerakos and Kovrijnykh (2013) find that median misreporting is about 0.7% of total assets,
whereas my estimate is only about 0.09% of total assets.

The closest paper in this strand of literature is Beyer et al. (2019), which structurally estimates a dy-
namic model where earnings are noisy due to exogenous factors, such as accounting system errors. My
conclusions about the presence of reporting bias are generally consistent with the findings by Beyer et al.
(2019), although the nature of the bias I study is different. Beyer et al. (2019) focus on reporting noise due
to any kind of accounting distortion that induces linear bias in earnings reports, whereas the center of my
study is stock price-based misreporting incentives.

The second large stream of literature studies investors’ uncertainty about managerial incentives and the
implications of this uncertainty for financial misreporting (e.g., Ferri et al. (2018), Kim (2023), Bertomeu
et al. (2019)). Ferri et al. (2018) use staggered adoption of the CD&A section in companies’ proxy state-
ments, and Kim (2023) uses investors’ search for compensation-related disclosures to identify how investor
uncertainty about managerial incentives affects financial reporting bias. The relative advantage of my ap-
proach is that I can distinguish fundamental and misreporting incentives information and their respective
effects on misreporting, even if investors simultaneously learned both of these types of information dur-
ing the CD&A adoption period or by searching for proxy statements online. Bertomeu et al. (2019) ask
a question that is very close to mine — how to measure investors’ uncertainty about managers’ reporting
objectives. However, our papers differ on multiple dimensions. I consider a dynamic problem that captures

the inter-temporal trade-off that managers face when choosing misreporting amounts: overstating heavily



today reduces the ability to boost prices in the future. The two studies also use different strategies to identify
investor uncertainty about reporting objectives: Bertomeu et al. (2019) exploit observed earnings response
to get to optimal misreporting, and I use analyst forecasts as a source of identification.

The rest of the paper is organized as follows. Section 1 presents the model and discusses the equilibrium
and important insights. In section 2 I discuss the sample and show the main estimates of the model. Section
3 presents counterfactual analyses. In section 4, two applications of the technique are presented. Section 5

discusses how different assumptions affect model estimates. Section 6 concludes.

1 Model

This section discusses the model and equilibrium and presents theoretical moments that later will be used

to estimate model parameters. In what follows, I denote random variables by the ~ sign, and their
realizations without the ~ sign.
1.1 Setup

The model is a dynamic version of the earnings management model with uncertain incentives as in Fischer
and Stocken (2004). A long-lived manager cares about firm price and is required to report earnings to
investors. The report does not have to be truthful: the manager can bias it at a cost. The manager has more
information than investors about firm earnings and the extent to which she cares about the firm’s price.

The firm’s earnings in year ¢ can be thought of as consisting of two parts, one observed by both the
manager and the market, and another privately observed by the manager. Earnings, &, are characterized by

the following process:

ét = lz«'l,t +§2,t> (1)
Ely=Vig+ Vi1 + V-2, Vi NN(OWIVG\%), ()
Err=Voy+Voy 1+ Va2, Vo, ~N(O,(1—gy)o?), 3)

where 0 < gy < 1. The manager observes both parts, €, ; and &, and the market only observes €; ;. The mar-
ket learns &; ; from sources other than the manager’s report. gy represents the fraction of total fundamental

information that the market knows.



I model firm earnings as a sum of the current and two prior-year shocks to preserve important time-series
properties of earnings while keeping the model tractable. The time series process for earnings in (2) and (3)
ensures earnings are persistent and mean-revert (Gerakos and Kovrijnykh (2013)). Two prior-year shocks
imply that to evaluate current earnings, investors mostly rely on information about earnings from the last
two years. The number of relevant past earnings is consistent with prior studies (e.g., Albrecht et al. (1977))
finding that autocorrelation coefficients for earnings reports cross-sectionally vary between about 0.4 and
0.8. In addition, when earnings are a sum of a finite number of shocks rather than an AR(1) process, the
manager’s report in equilibrium is also a finite sum of shocks, allowing to derive a closed-form solution of
the model.

The market learns its part of current earnings in two time periods. Some fraction is learned concurrently
with the previous earnings report (e.g., from concurrent analyst reports), and another fraction is learned at

other times during the year leading up to the earnings report. Formally, €, is divided into two parts:

Bl =&, +&,, @)
8, =V, 4+, +V, W, ~N(0,qvq)0y), (5)

~1 ~1 ~1 ~1 ~1 0 2
El, =V + ViV, Vi, ~N(0,qv(1—gy)0y), (6)

where 0 < ¢¥ < 1. S?J is the fraction of the market’s fundamental information that arrives concurrently
with the previous earnings report, sll’t is the fraction of the market’s fundamental information that arrives
on other days during the year leading up to the current earnings report. The fraction of investors’ earnings
information that is learned together with the previous report is captured by ¢%. The timing of information
arrival is shown in figure 1.

The firm manager cares about stock price so that a $1 increase in the price at time ¢ gives her extra
m, units of utility. Misreporting incentives m;, are not just capturing the manager’s compensation but can
include non-monetary benefits such as reputation or happiness from governing a successful company. The

incentives can be positive or negative. Misreporting incentives evolve every year and are described by the



following process:

iy = ml,t +7”~12,t7 (7)
iy =+ &+, &y NN(O,%%Z% )]
=&+ &1 +&i 2 &u~N(O,(1-g¢)0F), ©)

where 0 < g¢ < 1. Similarly to earnings, the manager knows both components of her incentives, m;, and
my,, and the market knows only a part of them, m; . g¢ represents the share of misreporting incentives
information that the market has.

Investors learn the manager’s incentives for year ¢ partially at the time of the year-(z — 1) earnings report

and partially at other times between the year-(z — 1) and year-f reports. m; ; consists of two parts:

Ay = i, (10)
m(l),t = glo,z + 5{),:71 + 5107th7 Slo,t ~ N(()?‘Iéq(é 65)7 (11)
= gll,t + Ell,t—l +E&!, 51171 ~N(0,q¢ (1~ q‘é)cé)- (12)

where 0 < qg <1 m(l)’t is the fraction of the market’s misreporting incentives information that arrives con-
currently with the manager’s report, m}J is the fraction of the market’s misreporting incentives information
that arrives on other days during the year preceding the current earnings report.

Every year, the manager releases a report (potentially biased), e, about the firm’s earnings and is com-
pensated based on the firm’s stock price, p;, net of personal cost of misreporting. The misreporting cost is
a function of the current period’s bias in earnings, as well as all other biases in prior period earnings. Such
cost function, first, can capture the increasing likelihood of being caught and penalized when the manager
misreports more cumulatively. Second, the cost of prior years’ misreporting naturally introduces reversal
of accruals (which can happen at any point in time) because, in order to exaggerate current earnings, the

manager has to bias her report by an additional amount to compensate for the reversal rate, and thus bear a



higher misreporting cost. The manager’s utility at time # is

(22_0(85—8]())2’ 1 (13)

Ui = mp; —

where m;, is the manager’s misreporting incentives.’

The manager faces a dynamic trade-off: if her misreporting incentive is positive (m; > 0), on the one
hand, by overstating earnings today, she increases firm price and thus increases her utility. On the other
hand, if she heavily overstates firm earnings today (e; > &), she will have little room for overstatement (and
boosting firm price) going forward. If the manager understates earnings today (e; < &), it will be costlier

for him to report a higher number in the future. The manager’s problem at time ¢ is

—oo k 2
_oler — € an:
max,, E|Y 85" ifupe— (ZTO(ZT ) e (14)
k=t

where 0 < 8y, < 1 is the extent to which the manager cares about his future utility, and It“rlarket ={eo,€1,...,&;
mg,my,...,m, } is all the information available to the manager at time #, which is simply all realizations of
earnings and misreporting incentives.

The market prices the firm risk-neutrally at the expectation of its current and discounted future earnings:

oo

p= E Z 6Ik7t'§k|ltmarket ’ (15)
k=t

where 0 < &; < 1 is investors’ discount factor, and ItmzIIket =

{r07 Ilyeeey rl;8]707817] ) "‘781,[;m1,07m1,1 ) "'7m1,t}
is all the information available to the market at time ¢. It includes all past managerial reports and the history

of fundamental and misreporting incentives information observed by the market.

IOther studies considered accounting system errors as another source of investors’ uncertainty related to financial misreporting
(e.g., Beyer et al. (2019)). The accounting system error can be incorporated in my model by changing the manager’s misreporting

2
cost to w, where 1, is the error introduced by the accounting system. Adding this feature to the model makes
it considerably more complex without helping the main focus of this study — uncovering investors’ uncertainty about managers’
misreporting incentives, n;. Since accounting error noise has been explored in detail in prior work (Beyer et al. (2019)), I leave the
investigation of jointly misreporting incentives and accounting error uncertainty for future research.

1 — 2 . . . .
ZNote that the manager bears 1 unit of cost for the misreporting of size M This implies that m, is the manager’s
benefit of misreporting relative to the 1 unit of misreporting cost. Alternatively, the cost of misreporting can be modelled as

s — 2 . . . .
L‘M and the manager’s misreporting incentives can be modelled as M; = cmy;.
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The final element that I define is the market’s expectations of the annual earnings report:
ME, = E [&,|[™™']. (16)

I introduce the notion of the market’s expectations because it allows me to glean investors’ information
about the manager’s misreporting incentives. The expectation of the report is the expectation of the sum of
true earnings and the bias that the manager adds. The bias, in turn, is a function of the manager’s incentives.
Coupling market expectations with firm prices, which represent solely beliefs about firm earnings, I can

disentangle investors’ expectations of the reporting bias, and thus of misreporting incentives.
1.2 Analysis in equilibrium
1.2.1 Earnings reports, and evolution of prices and market’s expectations

I consider equilibria with the following steady-state relations:

* The manager’s earnings report is a linear function of the firm’s current true earnings and the manager’s

misreporting incentives:

k=t k=t k=t

0 1 .

e =eyt+es&+ Z € kM p—k T 2 €l k1M1 p—k + Z €my kM2, k>
k=0 k=0 k=0

* Firm price is a linear function of the manager’s current and prior reports, and the market’s fundamental

and misreporting incentives information:
J=t J=t 0 J=t | J=t 0 J=t |
_ ‘L, 40 it ol 40 o1,
Pt—POJFZ‘bajeﬁzaﬁj 81,#,26131' 81,j+z67j ml,ﬁz‘z)?’j mijs
j= Jj= j= Jj= Jj=

* Market expectations of the manager’s next earnings report is a linear function of the prior reports, and

the market’s fundamental and misreporting incentives information:

J

=t j:t j:[ j:t j:t
t 0, .0 1t .1 0, 0 1t 1
ME =MEo+ ) djej+ Y bj'el;+ ) bi'ei j+ ) c;'mi j+ ) cj'my ;.
j=0 =0 j=0 j=0 j=0

Oc} is price-f response to the managerial report, [3;)’[ and [3]1 ! are price-t responses to the fundamental

information learned at the time of the manager’s report and on other days, }/;)’t and y]l " are price-f responses

11



to the misreporting incentives information learned at the time of the manager’s report and on other days.

The firm’s price and the market’s expectations rely on all sources of information about true earnings and
the manager’s incentives. First, the market uses the information that investors learned from sources other
than the manager’s report. Second, the market uses the manager’s earnings reports to form beliefs about
unobservable parts of earnings and the manager’s incentives. Investors use not only the most recent but
all the past earnings reports for the following reason. Since innovations to true earnings and misreporting
incentives persist for two years going forward, at least two past earnings reports are useful for gleaning
innovations to true earnings and misreporting incentives in the current year. In addition, since all earnings
reports are noisy signals of true earnings and misreporting incentives, and the noise across earnings reports
is correlated due to persistence in misreporting incentives, earnings reports beyond the past two periods help
predict the noise in the past two earnings and thus are also useful in backing out information from the current
earnings report.

The proposition below describes the optimal earnings report chosen by the manager.

Proposition 1 In the steady-state, the manager’s earnings report is

e =&+ (0o + Sy + 85 0)E — o 3 — Syan & o — Sk 1, (17)

where 0, o, and 0y are the current, one-year-ahead, and two-year-ahead prices’ responses to the man-

ager’s earnings report, defined in the Appendix.

The manager’s optimal report is the sum of the firm’s true earnings (&), the bias added to the current earnings
((050 + o0t + 5A2,,a2)§t) net of the bias in the prior earnings report ((xoét,g + 6o o+ 6A2,,a2§t,1) . Such
behavior represents the common notion that a bias in the report has to reverse at some point in the future. In
equilibrium, the manager chooses to (at least partially) undo the bias she added to her report last year. If the
product of her misreporting incentives and market response to the report are higher this year than last year,
she will reverse last year’s bias and also overstate current earnings.

To understand how the market’s learning from the manager’s report and other information sources is
reflected in prices, let us analyze the firm’s price at different times of the year: right before the time-¢ report
is issued, right after it is issued, and right before the time-r + 1 earnings report comes out. I denote by

post-report

pf’re'mpm the firm’s price right before the earnings report ¢, is released, and by p; the firm’s price

right after the report is released. I™**t denotes the market’s information at time ¢, which includes the time
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t earnings report; IMaket\ {1 denotes the market’s information excluding the current earnings report and
concurrent information. Before the earnings report at time #, the market’s expectation of the sum of current

and discounted future earnings is

oo oo

p%)re—report —E Z 6Ik7t817k‘1tmarket \ {et} +E Z 611(7t£2,k|1tmark6t \ {et} (18)
k=t k=t

=+ (& (Vig+ Vi) + 87 via) +E | Y 8 e\ {e:} (19)
k=t

The first summand (&) represents the part of the current earnings that investors learned perfectly from
other information sources, and the second summand (51 (Vig+Vig—1)+ 6,2v1,,) is investors’ expectation of
future part of earnings given their information from other sources. Since the two parts of earnings, € and &,
are independent and investors perfectly know the history of the first part, £, investors do not rely on the man-
ager’s report to build their expectations about future first part of earnings, E [Yi_,, | 8 ey g market\ {er}].
but rather rely on their own historical knowledge. The third summand represents investors’ belief about the
second part of current and future earnings. Because investors do not observe these parts of earnings, the
only sources of information about them are the manager’s earnings reports.

At the time of the earnings release, two types of information arrive. First, the earnings report itself, e;,
provides investors with information about the current earnings, which include shocks that will persist at time
t+ 1 and ¢t +2. Second, concurrent information sources (e.g., earnings calls) reveal some information about

the next period’s earnings, V?.z +1- The firm’s price right after the earnings report is released is

oo oo

p})ost-report —E Z SIk—tgl ’k|Ilmarket +E Z 6}c—t82’k|1t111arket (20)
k=t k=t

=€+ (51 (V?_’H_] + Vi + V17;,1) + 6]2 (V?_I+1 + VU) + 5;V?’,+1) +FE Z 5}€_t82,k|l;llarket 21D
k=t

This price differs from the price right before the earnings report in, first, the updated expectation of the
first part of the next two period’s earnings, (&V? i1t 5,2v? a1+ 5,3 V?‘t n 1) and, second, investors’ infor-
mation set being expanded to include the current earnings report ¢;. The price change around an earnings

announcement is summarized in the following proposition.
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Proposition 2 In the steady state, the change in firm price after the issuance of the manager’s report is
pi)ost-report 7pi7re-rep0rl _ (6] + 6]2 + 6]3) V?,H—l + o (et 7E[é.t|]tmarket\{et }]) , (22)

where Qy is the earnings response coefficient, derived in the Appendix.

The price is updated the second time when the market acquires information throughout the year after the

reporting day. The price of the firm right before the time-# + 1 earnings report release is

§ oo e oo e
PRt =E | Y & e e\ fe} | +E| Y 6 <’“>ez,ku,ﬁafket\{et+l}] (23)
k=t+1 k=t+1
(o=} k7
= €141+ (& (Vigs1 +Vig) + 87 Vi) +E Y & (Hl)Ez,kUﬂafket\{ezH}] (24)
k=t+1

The price changes during the year, first, because investors learn new information about earnings and
misreporting incentives (v{, ; and &/, ) from other sources and, second, because one year passes and

investors discount their expectations of future cash flows less.

Proposition 3 In the steady-state, the change in firm price after the market learns 8117t 4 and m}J L1 ls

PP — (14554 87) (W14 Vi) — (84 574 6) W

+(on —ao) x (e — E[& |17\ {er}]) (25)

Next, I discuss how the market’s expectations of the next earnings report evolve during a year. The

market’s expectation of the time-f earnings report right before its release is:

MEPS™™ =, +E [, [\ {e}]  (26)
+ (o0 + Suan +85302) &1 — 00143 — Sy 2 — Sy (27

—oE; [E2,3 1™\ {e}] — S E [Epp—a|I™™ N\ {e,}] — Sy [En o1 I\ {e;}] (28)

Similar to the pre-report price, the market’s expectation of true earnings consists of two parts: the one

learned perfectly from other sources (€ /) and the one known imperfectly from the history of prior reports
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(E: [€24|™™\ {e,}]). The market’s expectation of the bias in the earnings report, which is a function of
misreporting incentives, has a similar structure. Investors know some part of the information (27) from other
sources and use the history of reports to form beliefs about the other part (28).

When the earnings report is released, the market uses it to update its beliefs and also gets information
about V?J .y and & R ++1 from concurrent sources. The next proposition describes the market’s expectation of

the ¢ 4 1 earnings report at time ¢, right after the earnings report ¢, arrives.

Proposition 4 In the steady-state, the market’s expectation of the manager’s next earnings report e,y after

the issuance of the manager’s report e, is

ME{;ost—report _ V?.,H-l +Vie+ Vi (29)
+ (a0 + Syon + 8 0) £y — &2 — Suau & — S0, (30)
By % (e, _E[é.tutmarket\{et}]) + B x (e[_l —E[E,_1|It”101rket\{e,_1}]) + B2 x (ez—z —E[éz—z‘ltni“{ket\{et—ZH) (31)

+g(ei—3,€-4,...€0) (32)

where Bo, B1, and B, are the regression coefficients of the market’s expectations of the time-t + 1 earnings
report on the surprise in the time-t earnings report, defined in the Appendix. The function g (e,—3,€;_a4, ...€p)

is a linear function of the past earnings reports e;_3,e,_4, ...€.

Lines (29) and (30) show the market’s known parts of true earnings and bias at time ¢ + 1, respectively.
v?’t 41 and élo .+ were learned from sources concurrent with the time-f earnings report, and Vi, Vi1, 517,,
61,,, 1, and 51,,,2 were learned at earlier periods. The lines (31) represent the market’s updated beliefs about
true earnings and bias in the time-f + 1 report based on the earnings reports at all times.

During the year, investors learn information about fundamentals, vll’t ,1» and misreporting incentives,
511,[ 41 from sources other than earnings reports. This new information makes the market change its expecta-

tion of the earnings report at time ¢ + 1.

Proposition 5 In the steady-state, the change in the market’s expectation of the manager’s next earnings

report e;11 during the year is

MEtp—:el-report _ME;)ost-report — V117t+1 + (060 + 5M0€1 4 6A2/1a2) éll7t+1 (33)
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1.2.2 Earnings Quality

I define earnings quality as the negative ratio of the expected bias in the manager’s earnings report to the

standard deviation of earnings:

BT —\/csg((ao+6Ma1+6A24a2)2+a§+6ﬂ24a12+61;44a§>
B Var|g] N /307

The market’s information — gy and gg — affect the measure of earnings quality through the price re-

EQ, (34

sponses to the manager’s report, ¢, 01, and 0p. Figures 2 and 3 plot firm price responses to the earnings
report. In line with Fischer and Stocken (2004), as investors know more fundamental information (gy in-
creases), prices become less responsive to the manager’s report, reducing the reward that the manager gets
per unit of manipulated earnings. As a result, earnings quality improves. Vice versa, when the market learns
more information about the manager’s misreporting incentives (g¢ increases), investors are relying more
on the earnings report, or become more responsive to it. The manager’s reward for misreporting increases,
and earnings quality declines. Figures 4 and 5 show how earnings quality changes with the amount of

fundamental and misreporting incentives information that investors have, respectively.
[ Insert Figure 2 around here |
[ Insert Figure 3 around here |
[ Insert Figure 4 around here |

[ Insert Figure 5 around here |
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1.2.3 Price Efficiency

I define price efficiency as the negative deviation of the firm’s price from its hypothetical value if the market

knew all the information that the manager knows:

PE, = — \/ E|[(p: — True Expected Value)?]

. <E )

= _\/(1 —qv) 02 ((5,+5,2)2+6,2) +(1-q¢)of ((Oto+5Moc1 +8200)° + (00 + Syou ) + ag) (35)

k=t k=co

Zék+ Z SF g | e
k=0 k=it1

—E

k=t k=00
Z ék + Z Blkfték‘ltmarket
k=0 k=t+1

In figures 6 and 7 I plot price efficiency as a function of the market’s fundamental (g,) and misreporting
incentives (g¢) information, respectively. In contrast to earnings quality, price efficiency is increasing in

both types of information: the more investors know, the more efficient is the price.
[ Insert Figure 6 around here |
[ Insert Figure 7 around here |

The fact that investors’ misreporting incentives information affects earnings quality and price efficiency
in opposite directions points to a trade-off faced by regulators. For example, a policy that requires cor-
porations to disclose more information on executive compensation will make investors better off because
companies will be traded closer to their fundamental values. At the same time, external users of financial
information will be worse off because the information will get noisier. The regulators’ ultimate decision
will be determined by their objective function, or the extent to which they prioritize traders on the market

versus the precision of reported earnings numbers.

1.2.4 The role of discount factors

Investors’ response to earnings, and thus bias in earnings numbers and price efficiency are sensitive to
discount rates of the manager and investors. Therefore, assumptions about discount factors might affect
estimation results. Let us discuss how key statistics of the model vary with the extent to which investors and

the manager care about the future.
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Investors’ discount factor affects ERC, earnings quality, and price efficiency monotonically. When mar-
ket participants care more about the future, they react more strongly to earnings information (figure 8),
reducing earnings quality (figure 9). Price efficiency also goes down as investors’ discount factor increases
(figure 10). When traders value future cash flows more, they put a higher weight on the expected financial

performance of the firm, and the uncertainty about the fundamentals loads higher in price variance.
[ Insert Figure 8 around here |
[ Insert Figure 9 around here ]
[ Insert Figure 10 around here |

The impact of the manager’s discount factor is more complicated. The ERC is decreasing when the
manager cares more about her future utility (figure 11), implying an unambiguous effect on the quality of
earnings. On the one hand, when the manager values future utility more, she values the effect of her bias on
future prices more and misreports more. This positive effect is offset by the decreasing ERC: as the manager
is more forward-looking, investors do not react as strongly to her report, reducing the value of the bias. The
two forces generate an inverse-U-shaped earnings quality as a function of the manager’s discount factor
(figure 12). Price efficiency also changes non-monotonically when the manager’s discount factor increases
(figure 13). Similarly to the investors’ discount factor, a higher manager’s discount factor means the price
varies more with investors’ uncertainty. At the same time, this uncertainty is reduced when investors react
less strongly to the earnings. For very myopic managers, the first effect dominates, and as the manager

becomes more farsighted, the second effect wins.
[ Insert Figure 11 around here |
[ Insert Figure 12 around here |
[ Insert Figure 13 around here |

1.3 Theoretical moments and identification

In this section, I list theoretical moments and explain how they help identify model parameters: the total fun-

damental and misreporting incentives uncertainty, 62 and 62, the fractions of fundamental and misreporting
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incentives information that the market knows, gy and g¢, and the part of these fractions that investors learn
from sources concurrent with earnings reports, ¢\ and qg. In total, I use nine theoretical moments. The
first moment is a mean moment — earnings response coefficient. The next two moments are the variance of
earnings reports and the variance of change in the market’s expectation of the next earnings report during a
year. Finally, I use covariances of earnings reports, the market’s expectations of earnings reports, and firm
prices with each other. I list all the moments with their mathematical expressions in the Appendix.

The intuition for identification is the following. I need to disentangle, first, the manager’s information
from the market’s information, which is a subset of the manager’s. Second, fundamental information from
incentives information. Third, within the market’s fundamental and incentives information, information
learned on earnings announcement days from information learned on other days. For the first part, for the
manager’s information, I use the variance of earnings reports (moment 2) since they are affected by all of
the manager’s information. In addition, I use the earnings response coefficient (moment 1) as it represents
the amount of information contained in the manager’s report that was not available to investors prior to the
earnings release: if the report contains more new information, investors will react stronger to it. For the
market’s information — the part of the manager’s information that investors learn from elsewhere — I use
statistics that represent the evolution of price and the market’s expectations of the next report (proxied by
analyst forecasts) unexplained by the manager’s report (moments 3-9). If prices and analyst forecasts evolve
more even after "controlling” for earnings, the market learns more information from other sources.

For the second part, to distinguish the market’s fundamental from the market’s incentives information, I
rely on two assumptions. First, I assume that a firm’s price changes only when investors update their beliefs
about firm fundamentals, but not about the firm manager’s misreporting incentives.” Therefore, changes
in firms’ prices unexplained by earnings (moments 4, 5, 8, and 9) represent the amount of fundamental
information known by the market. The second assumption is that when financial analysts try to predict the
next earnings report, they forecast both true earnings and the bias that will be added to true earnings by the
manager.* Since the bias is increasing in the manager’s misreporting incentives, analyst forecasts represent
a combination of the market’s knowledge about fundamentals (true earnings) and the manager’s incentives

(bias). The evolution of analyst forecasts unexplained by earnings (moments 3, 6, and 7), coupled with

3This assumption implies that the manager’s price-related misreporting incentives are orthogonal to the firm’s fundamental
characteristics. Any correlation between the manager’s incentives to manage earnings and the firm’s financial performance, such as
the selection of managers that are more likely to manipulate into certain kinds of companies, would violate my assumption.

4This assumption is consistent with the evidence that analysts try to forecast the reported earnings number as closely as possible
because forecast precision is the key driver in analysts’ compensation and career (Mikhail et al. (1999), Hilary and Hsu (2013)).
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the knowledge of the market’s fundamental information obtained from prices, helps identify the market’s
misreporting incentives information learned from other sources. For example, if analyst forecasts vary
considerably during a year but prices do not, the market likely learned a lot of misreporting incentives
information but not fundamental information.

For the third part, I exploit the timing of changes in firm prices and analyst forecasts. Residual changes
in prices and analyst forecasts around earnings announcements after controlling for earnings (moments 4,
6, and 8) represent information on fundamentals and incentives learned during the earnings announcement
window from sources other than the earnings report. Changes in prices and analyst forecasts during the year
excluding the earnings announcement window (moments 3, 5, 7, and 9) indicate the amount of information
investors learned on other days of the year.

Finally, I discuss one important limitation of the model that precludes me from using price variances in
estimation and only keeping covariances of prices with earnings reports and analyst forecasts. The model
assumes that firms’ prices are efficient and there is no volatility in returns due to factors not explained by the
information about firm fundamentals.” Because price volatility may exceed fundamental volatility (LeRoy
and Porter (1981), Shiller (1980)), one might worry that estimates of my model overstate the effect of the
firm’s reports and investors’ information on prices. To avoid this upward bias, I do not use variances of
firm prices as moments in the estimation. I only use covariance of price changes with earnings reports and
changes in analyst forecasts. To the extent that additional noise in prices (such as discount rate variation) is

uncorrelated with earnings or analyst forecasts, potential noise in prices does not affect parameter estimates.

2 Empirical analysis

This section describes the data I use to estimate the model, the estimation procedure, and the main results.

2.1 Data

Annual earnings reports come from the IBES database, balance sheet variables come from Compustat,
and firm prices co from the CRSP database. For pre-report prices, I take firms’ market values one day
before earnings release dates; for post-report prices, I take firms’ market values one day after earnings

release dates. A proxy for the market’s expectations is analyst earnings forecasts from IBES. For pre-report

50ne of these factors can be variation in discount rates. For example, Vuolteenaho (2002) finds that 33% of price variation in
individual stocks is explained by discount rate variation.
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expectations, I take the last analyst forecast before an earnings release; for post-report expectations, I take
the first analyst forecast after an earnings release. I multiply variables from IBES by the number of common
shares outstanding on the corresponding date to obtain all the variables on the firm level. All the variables
are divided by firms’ three-year-lagged book values to make sure firm size does not mechanically drive
firm-level volatility of earnings innovations.

I remove firms that have missing data on one or more variables and firms with negative book value, firms
with market-to-book ratio above 10, and firms with stock prices below $1. T winsorize all the variables at
the 0.1% level.

The final sample contains 4,141 public firms in the United States with fiscal years from 1995 to 2020,
47,819 observations in total. Table 1 describes the sample selection procedure; table 2 presents the percent
of firms in each North American Industry Classification System (NAICS) sector. More than 25% of the
sample comprise manufacturing companies, followed by finance and insurance. Firms’ characteristics are
presented in table 3. A median company is a large company with a market-to-book ratio slightly above 1.5

and a healthy leverage ratio.
[ Insert Table 1 around here ]
[ Insert Table 2 around here |
[ Insert Table 3 around here |

Summary statistics for the variables used in estimation are in Table 4. Earnings surprises and changes in
prices are positive on average. Analysts’ forecasts generally go down during a year, consistent with the well-
documented analyst forecast walk-down (e.g., Richardson et al. (2004), Bradshaw et al. (2016)): analysts
tend to be more optimistic at the beginning of the forecasting period and gradually reduce their expectations
as the date moves closer to the reporting date. This bias can be attributed to analysts’ excessive optimism,
desire to curry favor with companies’ managers, or forecasting difficulty.

The standard deviation of price changes between two annual reports is about 4.6 (4.8) times greater than
the standard deviation of earnings reports (analyst forecasts), consistent with the return volatility puzzle
(Mehra and Prescott (1985)). Since my model is not primarily about companies’ valuation, I do not aim to

closely match the volatility of price changes in the data.

[ Insert Table 4 around here |
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2.2 Estimation Procedure

I use the two-step Generalized Method of Moments (GMM) to estimate the model (Hansen (1982)). The
method looks for the values of theoretical parameters (62, gy, ¢3, 652, g, and qg) that minimize the distance
between theoretical moments (e.g., variance of earnings reports as a function of the theoretical parameters),
and empirical moments (e.g., variance of earnings report calculated from the data). The distance is measured
as a quadratic form of differences between theoretical and empirical moments with a weighting matrix. I
describe the estimation procedure in more detail in the Appendix.

Next, I discuss how I choose the discount factors of investors and the manager. For investors’ discount
factor, I set 8 = 0.95, which implies a discount rate of about 5%, which is close to discount rates assumed
in prior literature (Cooper and Ejarque (2003), Hennessy and Whited (2005), Hennessy and Whited (2007)).
For the manager’s discount factor, I follow Bertomeu et al. (2022) and set §,; = 0.7. Bertomeu et al. (2022)
compute this discount factor using median vesting duration (Gopalan et al. (2014)). I examine robustness of

the model’s estimates to the assumptions about discount in section 5.

2.3 Main Results and Model Fit

Table 5 presents the estimated parameters. The estimates suggest that while firm earnings are volatile,
investors anticipate a high portion of earnings before the report is released. The total variance of annual
innovations in firms’ earnings is 0.029, implying that for 32% of companies, innovation of unbiased earnings
deviates from the mean by more than 17.0% of these companies’ three-year-lagged book value.® The market
knows 88.3% of this innovation from sources other than the manager’s report, and 18.4% of this 88.3% is
learned about one year ahead, concurrently with the previous earnings report. Investors seem to know a lot
about firm earnings, and only a small part of this knowledge is acquired when prior earnings are released,
suggesting that sources other than managerial guidance or concurrent analyst reports are important for the
market learning about fundamentals.

Managers’ misreporting incentives are considerably more uncertain in general and more opaque to in-
vestors. The total variance of innovations in the manager’s misreporting incentives is 0.136. For 32%
of firms, innovation of the manager’s utility gain per $1 increase in firm prices deviates from its mean by

36.9% of the firm’s 3-year-lagged book value. The market knows 52.8% of this innovation, and almost all of

5This inference is calculated as the fraction of observations from a normal distribution not within one standard deviation of the
mean.
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it (99.7%) is learned concurrently with the previous earnings report. Compared to fundamentals, the market
is less aware of managers’ incentives to manipulate reported earnings. Interestingly, prior earnings report
day is more significant for learning about reporting incentives than about fundamentals, perhaps because
both company management and external analysts often disclose their expectations for next year’s earnings

on that day.
[ Insert Table 5 around here |

Table 6 shows values of the empirical and theoretical moments at the estimated parameters and t-values
of differences between the theoretical and empirical moments. For eight out of nine moments, differences
between estimated theoretical and empirical values are statistically indistinguishable from zero. The only
moment that the model matches poorly is the covariance of changes in prices with changes in the market’s
expectations during a year. The estimated theoretical moment, however, is economically close to its data

counterpart.
[ Insert Table 6 around here ]

The estimated parameters suggest that the level of earnings quality is -1.36, or reported earnings on
average differ from true earnings by about 136% of the standard deviation of true earnings. For a median
company in my sample, misreporting is about 0.09% of the company’s total assets.

Price efficiency is estimated to be low: for a representative company in my sample, the actual market
value is different from a hypothetical market value without information asymmetry between investors and

the manager by about 34.29% of the company’s book value.

3 Counterfactual analyses

A structural model allows researchers to predict how financial markets would behave in different counter-
factual scenarios without implementing these scenarios in real markets. In this section, I use this advantage
of structural modeling to assess how different hypothetical regulations and other exogenous changes to the
economic environment may affect the informativeness of financial information and the efficiency of firms’
prices. First, I summarize the sensitivities of earnings quality and price efficiency to the overall uncertainty
and the market’s knowledge of firm fundamentals and managers’ misreporting incentives. Next, I consider

more substantial changes to the information environment.
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3.1 Sensitivities of Earnings Quality and Price Efficiency

To better understand which factors affect the bias in reported earnings and deviation of firm prices from
their fundamental values, I study several changes to the model’s parameters. For every parameter govern-
ing overall uncertainty or investors’ knowledge, I change the estimated value by 10% up and down while
keeping other parameters fixed. I then look at the resulting changes in earnings quality and price efficiency.
This analysis shows which factors (e.g., fundamental or misreporting incentives uncertainty or investors’
knowledge) primarily move financial market outcomes.

Histograms of sensitivities are presented in figures 14 and 15. The analysis suggests that the factor with
the largest marginal effect is the amount of fundamental information known by investors. Both earnings
quality and price efficiency are most sensitive to investors’ fundamental information, and this sensitivity
more than four times exceeds sensitivities to other economic parameters. A policy that reduces stock market
investors’ information about firm fundamentals, such as decreased mandatory disclosure, by about 10%,
will cause about a 17% drop in price efficiency and about a 15% drop in earnings quality.

The non-trivial effects of investors’ misreporting incentives information can be seen in the last bars
of the histograms. When investors acquire more information about managers’ incentives, price efficiency
improves while earnings quality goes down. Changes in the two statistics are of similar magnitudes, sug-
gesting a meaningful trade-off regulators face when deciding whether to increase the amount of misreporting
incentives information provided to investors.

Earnings quality and price efficiency co-move when misreporting incentives uncertainty changes but
move in opposite directions when fundamental uncertainty changes. A firm’s price is closer to its value
under full information when investors are less uncertain about fundamentals or misreporting incentives.
This feature does not hold for earnings quality. When misreporting incentives uncertainty is high, the noisy
term in earnings reports is large, making them less informative. In contrast, higher fundamental uncertainty

increases the signal-to-noise ratio in earnings, providing users of earnings numbers with better information.

[Insert figures 14 and 15 around here.]

3.2 Fundamental changes in information environment

Next, I consider more profound changes to the information environment. First, I analyze and compare two

economies: in one, fundamental uncertainty is a considerably greater concern than misreporting incentives
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uncertainty — perhaps an economy with a harsher regulatory environment, — and in another, misreporting
incentives are considerably more uncertain than firms’ fundamentals. The second set of counterfactuals con-
siders economies with close-to-perfect information. In the first economy, investors know almost everything
about companies’ fundamentals; in the second economy, investors almost perfectly understand managers’

incentives to misreport financial information.

3.2.1 Fundamental vs. misreporting incentives uncertainty

The first set of counterfactual analyses aims to understand the characteristics of financial markets where one
type of uncertainty is a primary concern: uncertainty about fundamentals or about misreporting incentives.
The results suggest that high misreporting incentives uncertainty is more harmful to earnings quality and
price efficiency than fundamental uncertainty. The first two rows of table ?? show estimated earnings qual-
ity and price efficiency in scenarios where fundamental uncertainty is infinitely higher than misreporting
incentives uncertainty and vice versa. In an economy where fundamental uncertainty is a primary concern
(first row of table ??), a representative company’s earnings number is very close to its unbiased earnings.
Even though investors in this economy obtain close to truthful financial information, the market price still
deviates from its value without information asymmetry by about 12.22% of companies’ book value. The rea-
son is that at an arbitrary point in time, capital market participants do not know all fundamental information
before the manager releases the annual report. For the economy where misreporting incentives are the pri-
mary concern, financial information quality and price efficiency are considerably worse. When investors are
substantially uncertain about managers’ misreporting incentives, even a small piece of information about
incentives from other sources makes traders think they understand reports much better, tremendously in-
creasing the earnings response coefficient. As a result, managers benefit more from misreporting and bias
earnings by a lot. The bias can achieve a few thousand percent of the standard deviation of true earnings.
The price is also less efficient in such an economy: it deviates from its value under full information by about

42.19% of companies’ book value.

3.2.2 Perfect knowledge of fundamentals vs. of misreporting incentives

Next, I consider scenarios where market participants know close to all information about companies’ fun-
damentals (third row of table ??) and managers’ incentives to misreport (fourth row of table ??). If a social

planner were to choose between giving investors more fundamental or more misreporting incentives infor-
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mation, she would face a trade-off. Increasing fundamental information makes earnings numbers a more
precise signal about true earnings; however, providing more information about incentives substantially im-
proves price efficiency.

Counterfactual analyses demonstrate how nuanced the regulators’ problem is when designing informa-
tion provision systems. If we take overall fundamental and incentives uncertainties as fixed characteristics
of an economy, whether to provide traders with information about fundamentals or incentives depends on
the regulators’ objective function. A regulator who mostly cares about market participants’ welfare, which
can be interpreted as price efficiency, providing investors with as much information as possible about both
fundamentals and incentives is the best strategy. Misreporting incentives information would have a greater
positive effect; thus, the regulator would prioritize incentives disclosures. In contrast, a regulator seeking to
make earnings numbers less biased would prefer that investors know little about misreporting incentives but

can largely predict companies’ fundamental performance.

[Insert table ?? around here.]

4 Applications: the effect of expanded compensation disclosure and infor-

mation spillovers

Researchers face challenges when evaluating the effects of disclosure policies and thus can be limited in
their ability to inform regulators. Leuz and Wysocki (2016) note that the reduced-form approach relies
on proper identification to be able to provide magnitudes of policies’ effects. Without the magnitudes, it
is difficult for policymakers to weigh regulations’ benefits against their costs. Moreover, even if standard
empirical methods find a credible identification strategy, it is hard for them to measure policies’ externalities
or economy-wide implications. Policymakers, however, must consider the complete picture of the economy
and information environment in their decisions.

This study highlights how financial market consequences that regulators care about — price efficiency
and earnings quality — hinge on the nature of financial market investors’ information. Because different ob-
jectives can be at odds for some information-related regulations, it is important to be able to disentangle the
two types of investors’ information and their relative effects. Structural estimation can serve this objective

by directly evaluating multiple economic parameters and how they change after regulations or vary with
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companies’ characteristics. In this part of the paper, I demonstrate how the structural estimation technique
can be applied to measure the two types of investors’ information in two settings: the introduction of the

CD&A section and information spillover during an earnings cycle.

4.1 Expanded compensation disclosure and investors’ information

The Securities and Exchange Commission (SEC) proposed revised rules for executive compensation disclo-
sures in January 2006. The primary goal of the regulation was to provide investors with more information
about managerial compensation and its sensitivity to company performance. Consistent with theory (Fischer
and Stocken (2004)), reduced-form empirical evidence has confirmed that the introduction of CD&A has
increased the earnings response coefficient (Ferri et al. (2018)), which may induce more earnings manage-
ment.

It remains less clear, however, which forces drive the change in ERC. On the one hand, CD&A in 2007
could have provided investors with more information on managerial incentives, increasing the ERC. At the
same time, the financial crisis in the post-2007 period may make investors less certain about firm funda-
mentals, also increasing the ERC. The two concurrent forces are difficult to disentangle using a standard
reduced-form approach. To evaluate the magnitudes played by the two forces, I structurally estimate my
model on the pre-CD&A and the post-CD&A data.

The revisions of the proxy statements were released by the SEC in August 2006 and were effective for
firms with the fiscal year ending on or after December 15, 2006. To estimate the effect of the regulation, I
divide my sample into two groups: before and after the compensation disclosure regulation. The "before"
period is the fiscal year ends before the SEC proposal date, January 26, 2006, and the "after" period is the
fiscal year ends after December 15, 2009.’

The results, presented in table 8, support both mechanisms that could potentially drive an increase in the
ERC. Firstly, the introduction of CD&A appears to have achieved its main goal: the fraction of misreporting
incentives information known by investors has increased from 53.2% before the regulation to 73.1% after the
regulation. Next, presumably due to the financial crisis, investors’ information about firms’ fundamentals
decreased from 87.9% to 59.2%. The findings suggest that researchers and regulators should be cautious

when attributing the increase in the ERC in the post-2007 period solely to the expanded compensation

7Since in my model every shock to firm fundamentals or misreporting incentives persists for three periods, the model needs at
least three periods after a shock to converge to a new steady-state.
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disclosure. Part of this decrease occurred as a result of concurrent changes in the other aspect of investors’
information — fundamentals information.

In addition, the estimates suggest that in the post-2009 period the overall variance of managers’ mis-
reporting incentives went down considerably. This change could result from the adoption of FAS 123R.®
after which corporations reduced the amount of option grants in executive compensation packages (Hayes
et al. (2012)) and thus different managers’ incentives became more homogenous and predictable. Because
of this change in compensation packages, even though investors appear to have more incentives information
and less fundamental information after 2009, the reduction in the overall variance of misreporting incentives
outweighed these changes and both firms’ earnings quality and price efficiency improved in the post-2009

period.

[Insert table 8 around here.]

4.2 Information spillovers and investors’ information

Empirical studies have widely documented information spillovers from companies that announce earnings
earlier to their peers (e.g., Ramnath (2002), Savor and Wilson (2016), Hann et al. (2019), Ogneva et al.
(2021)). Ramnath (2002) shows that financial analysts and investors can better predict the earnings of
firms announcing later in the reporting cycle, and the prediction partially comes from earlier reports. Savor
and Wilson (2016) document higher abnormal returns for early earnings announcers. The authors posit
that investors use announcers’ disclosures to revise their beliefs about non-announcers, which increases
covariance between early announcers’ and market-wide cash flow news — early announcers’ systemic risk.
Following that logic, late reporters should obtain lower market reactions on their reporting days because
investors have more information about late reporters’ fundamentals from early reporters’ reports. However,
lower market reaction to late reporters’ reports can also be due to investors being more uncertain about these
reporters’ misreporting incentives (Trueman (1990)). To disentangle the two explanations, I estimate the
structural model separately for firms reporting early and firms reporting late in the earnings report cycle.

I split my sample into early and late reporters. A company is classified as a late reporter if it reports

earnings later than three-quarters of companies in a given year, and as an early reporter if it reports earnings

8The accounting treatment of stock options changed after the adoption of FAS 123R in 2005. For a summary of the state-
ment, see https://www.fasb.org/page/PageContent?pageld=/reference-library/superseded-standards/summary-of-statement-no-123-
revised-2004.htmlbcpath=tft.
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earlier than three-quarters of companies in a given year. Table 9 presents the estimation results.

[Insert table 9 around here.]

The estimated parameters for early and late reporters suggest that, while investors indeed seem to know
more information about firms reporting earnings later, these firms’ misreporting incentives are considerably
more opaque, and as a result, late reporters have worse earnings quality than early reporters. Spillover of
fundamental information during the reporting cycle is significant: for companies reporting later, investors
know 84.8% of fundamental information, which is more than 40 percentage points more than for companies
reporting early. Nevertheless, the quality of earnings of late reporters is about 126% smaller. The reason is
that these companies have more uncertain misreporting incentives. Managers’ incentives for late reporters
are about 100 times more volatile, and investors know only 28.8% of these incentives.

Late reporters’ incentives may be more opaque because firms that report later in the earnings cycle tend
to (or are believed to) manage earnings more. Trueman (1990) offers a theory that connects companies’
earnings management to their choice of disclosure timing. First, earnings management itself may result in
delayed reporting and second, a manager who wants to manipulate may choose to observe other reports first
to better understand what the market’s expectations are for the earnings of her firm. Whether late firms have
incentives to misreport may therefore be unclear to investors, and this uncertainty seems to outweigh the

gain from learning more about fundamentals from other companies’ early reports.

5 Alternative discount factors

Section 1.2.4 demonstrated that the market statistics about earnings and prices are sensitive to the manager’s
and investors’ discount factors. As a result, the estimates of other parameters in the model likely change
when I assume different discount factors. To test how the results of the study vary with the assumptions, I
estimate two alternative specifications of the model. In the first specification, I reduce the investors’ discount
factor and set it below the manager’s. In the second specification, I increase the manager’s discount factor.
The results (table 10) suggest that parameter estimates are not sensitive to the manager’s discount rate,
but are sensitive to the investors’ discount rate. The estimates in the first column, for the main specification,
are generally the same as the estimates in the third column, for the specification where the manager assumed

to be farsighted (8 = 0.99). The estimates in the second column suggest greater fundamental and lower
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misreporting incentives uncertainty (both overall and investors’). For intuition, recall that when investor
discount future cash flows more heavily, the earnings response coefficient decreases (figure 8). Therefore,
to match the earnings response coefficient observed in the data, the search algorithm needs to find parameter
values to boost earnings response coefficient, and estimates higher fundamental and lower misreporting

incentives uncertainty.

[Insert table 10 around here.]

6 Conclusion

Measuring how much information investors know is valuable to researchers and regulators because in-
vestors’ information has an unambiguous effect on financial reporting quality and price efficiency. This
paper develops a structural estimation technique to measure how much information the market knows about
firm fundamentals and managers’ misreporting incentives, and how these types of information affect ac-
counting quality and price efficiency.

I further take advantage of the technique to study two settings where investor information plays consider-
able role. First, I assess the effect of introducing the Compensation Disclosure & Analysis (CD&A) section
in companies’ proxy statements in 2007. The structural approach allows me to disentangle multiple concur-
rent events in financial markets that might have affected investors’ information in the post-2007. I find that,
while CD&A indeed provided investors with more incentives information, investors are significantly more
uncertain about firm fundamentals in the post-2007 period, presumably because of the Financial Crisis. The
increased fundamental uncertainty outweighed better information about incentives, and financial reporting
quality did not worsen following CD&A.

Second, I study information spillover during earnings reporting cycle. The common belief is that in-
vestors acquire information from early reporters’ disclosures and thus anticipate greater portion of late
reporters’ disclosures. I confirm this prediction and show that spillover of fundamental information is sub-
stantial, however, late reporters’ incentives are much more opaque to investors than early reporters’. As a

result, late reporters have less efficient price.
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Table 1: Sample selection procedure

Sample reduction reason Sample size
Initial sample, containing all the variables needed from I/B/E/S and CRSP 81,138
Non-missing book value in Compustat 65,183
Positive book value 62,004
Market-to-book ratio less than or equal to 10 56,900
Price above or equal to $1 56,060
Firms with non-missing lagged and lead variables 22,503

Table 2: Percent of observations in NAICS sectors in the sample

NAICS % of total sample

Agriculture, Forestry, Fishing and Hunting 0.15
Mining 2.64

Utilities 2.58

Construction 0.96
Manufacturing 28.42

Wholesale Trade 1.60

Retail Trade 4.21

Transportation and Warehousing 2.51
Information 4.82
Finance and Insurance 15.66

Real Estate Rental and Leasing 2.78
Professional, Scientific, and Technical Services 3.98
Management of Companies and Enterprises 1.76
Administrative and Support and Waste Management and Remediation Services 1.17
Educational Services 0.40

Health Care and Social Assistance 1.11

Arts, Entertainment, and Recreation 0.70
Accommodation and Food Services 1.20
Other Services (except Public Administration) 0.28
Missing NAICS 23.06

Table 3: Descriptive statistics

Statistic N Mean St. Dev. Pctl(25) Median  Pctl(75)

Book value (in $ 100 mil) 22,503 31.923 122.154 1.995 5.570 16.354
Market value (in $ 100 mil) 22,503 57.523 207.649 2.991 9.309 30.204
Total assets (in $ 100 mil) 22,253  183.145  1,243.988 4.492 15.256 52.119

Market-to-book ratio 22,503 2.046 1.451 1.093 1.648 2.535
ROA 22,253 0.023 0.129 0.007 0.031 0.066
Leverage ratio 17,880 0.688 1.525 0.045 0.363 0.816
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Table 5: Estimated model parameters

Parameter Estimate
Fundamental variance, 0.029
o, (0.014)
Market’s total share of fundamental information, 0.883
qv (0.500)
Market’s share of fundamental information received concurrently with the manager’s report, 0.184
7 (0.132)
Incentives variance, 0.136
Gg (0.702)
Market’s total share of incentives information, 0.528
qe (0.343)
Market’s total share of incentives information received concurrently with the manager’s report, () 997
0
q; (0.088)
J-statistic 6.309

Note: Standard errors are in parentheses. The parameters are estimated assuming discount rates 8y = 0.7 and & = 0.95.
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Table 6: Data moments and theoretical moments at the estimated parameters

Moment Empirical value | Theoretical value | t-statistic
[p-value]
Earnings response coefficient moment 0.44435 0.42497 0.782
[0.435]
Variance of earnings reports 0.30267 0.25217 -1.237
[0.216]
Variance of change in the market’s expecta- 0.02573 0.02141 -1.435
tion of the next earnings report during a year [0.151]
Covariance of time-f + 1 earnings reports with 0.01518 0.01294 -0.452
residuals of the time-# "ERC" regression [0.651]
Covariance of time-f + 1 earnings reports with 0.06588 0.06120 -0.093
residuals from regressing change in prices [0.926]

from right after the time-¢ report to right be-
fore the time-¢ 4 1 report on the time-t earn-
ings report surprise

Covariance of time- + 1 earnings reports with 0.18323 0.14302 -1.451
residuals of the market’s expectation of the [0.147]
time-f + 1 earnings report

Covariance of time- + 1 earnings reports with 0.00932 0.02141 1.626
changes in the market’s expectations of the [0.104]
next earnings reports during a year

Covariance of the residuals from regressing 0.01281 0.01294 0.028
(PSPt — pPTTPO) on the time-f earnings [0.978]
surprise with residuals of ME? ost-report

Covariance of the residuals from regressing 0.06774 0.06052 4.036
(PP TepOrt _ pPOSEIEPO on the time-f earnings [0.0001]

surprise with changes in the market’s expec-
tations of next earnings reports during a year
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‘ ‘1. Fundamental uncertaintyis much greater than misreportingincentives uncertainty, 652 — 0.
\ [71,837.69 §2.1933. Investors perfe

\ 42.6004. Investors perfectly knowmisreporting incentives, gz — 1.
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Table 8: Estimated model parameters before and after the introduction of CD&A

Parameter
estimate
Before CD&A  After CD&A

Fundamental variance, 0.034 0.033
ol (0.026) (0.025)

Market’s total share of fundamental information, 0.879 0.592
qv (0.122) (0.415)

Market’s share of fundamental information received 0.149 0.162
concurrently with the manager’s report, ¢’ (0.103) (0.169)

Incentives variance, 0.282 0.005
o: (0.101) (0.004)

Market’s total share of incentives information, 0.532 0.731
qe (0.161) (0.272)

Market’s total share of incentives information received 0.997 0.986
concurrently with the manager’s report, qg (0.222) (0.436)

Earnings quality, negative bias in earnings,
% of st.dev. of unbiased earnings —1.648 —0.942
Price efficiency, negative deviation of price from fair value,

% of the company’s book value —0.433 —0.301

Note: Standard errors are in parentheses. The parameters are estimated assuming discount rates dy; = 0.7 and & = 0.95.
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Table 9: Estimated model parameters for early and late earnings reporters

Parameter
estimate
Early reporters Late reporters

Fundamental variance, 0.043 0.018
ol (0.032) (0.039)

Market’s total share of fundamental information, 0.438 0.848
qv (0.419) (0.315)

Market’s share of fundamental information received 0.164 0.391
concurrently with the manager’s report, ¢’ (0.263) (0.872)

Incentives variance, 0.002 0.195
o: (0.002) (0.070)

Market’s total share of incentives information, 0.902 0.288
qe (0.148) (0.242)

Market’s total share of incentives information received 0.999 0.756
concurrently with the manager’s report, qg (0.475) (0.566)

Earnings quality, negative bias in earnings,
% of st.dev. of unbiased earnings —0.833 —1.886
Price efficiency, negative deviation of price from fair value,

% of the company’s book value —0.340 —0.438

Note: Standard errors are in parentheses. The parameters are estimated assuming discount rates 8y = 0.7 and 6; = 0.95.
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Table 10: Estimated model parameters for alternative values of discount rates

Parameter
estimate

Baseline estimates,
6 =10.95, 6y =0.7

6 =0.65,6 =0.7 & =095,y =0.99

Fundamental variance, 0.029 0.047 0.029
ol (0.014) (0.017) (0.015)
Market’s total share
of fundamental information, 0.883 0.573 0.912
qv (0.500) (0.208) (0.075)
Market’s share of
fundamental information received 0.184 0.205 0.198
concurrently with the manager’s report, ¢’ (0.132) (0.123) (0.127)
Incentives variance, 0.136 0.008 0.136
o; (0.702) (0.004) (0.054)
Market’s total share of
incentives information, 0.528 0.631 0.519
qe (0.343) (0.193) (0.172)
Market’s share of
incentives information received 0.997 0.999 0.999
concurrently with the manager’s report, qg (0.088) (0.318) (0.234)
Earnings quality,
negative bias in earnings,
% of st.dev. of unbiased earnings —1.36 —0.90 —1.38
Price efficiency,
negative deviation of price from fair value,
% of the company’s book value —0.34 -0.29 —0.32

Note: Standard errors are in parentheses.
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Figure 1: Timing of information arrivals to investors in the model. e is an earnings report issued at time 7,
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time 7.
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Figure 8: Earnings response coefficient as a function of investors’ discount factor, &. ¢, = 0.8, 62 = 0.08,
ge = 0.6, Gg =0.5, 6y =0.9.
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Figure 9: Earnings quality as a function of investors’ discount factor, &. gy = 0.8,062 = 0.08, ge = 0.6,
0z =0.5, 86y =0.9.
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Figure 10: Price efficiency as a function of investors’ discount factor, &;. ¢y = 0.8, 63 =0.08, qe = 0.6,
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Figure 11: Earnings response coefficient as a function of the manager’s discount factor, &y. gy = 0.8, 62 =
0.08, gz = 0.6, 07 = 0.5, & = 0.9,
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Figure 12: Earnings quality as a function of the manager’s discount factor, 8y. gy = 0.8, 62 = 0.08, ge = 0.6,
652 =0.5,6=0.9.
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Figure 13: Price efficiency as a function of the manager’s discount factor, 8y. gy = 0.8, 62 = 0.08, ge = 0.6,
oz =0.5,8 =09.
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[title = Changes in earnings quality, %, ybar, x axis line style = opacity = 0, axis y line = none, tickwidth
= Ipt, bar width=5mm, x tick label style = rotate=35, anchor=east, title style=font=, enlarge y limits = 0.06,
enlarge x limits = 0.1 , symbolic x coords = Fundamental uncertainty, 63, Investors’ fundamental info, gy,
Misreporting incentives uncertainty, 62, Investors’ misreporting incentives info, qe, xtick=data, nodes near
coords, width=11cm, height=6cm, legend style=at=(1.05,1), anchor=north west ] coordinates (Fundamental
uncertainty, 03,2.487) (Investors’ fundamental info, ¢,,3.932) (Misreporting incentives uncertainty, Gg,—

2.630) (Investors’ misreporting incentives info, gg,-2.842); coordinates (Fundamental uncertainty, ol.-
2.917) (Investors’ fundamental info, gy, -15.064) (Misreporting incentives uncertainty, 62,2.742) (Investors’
misreporting incentives info, g¢,2.377); 10% increase in parameter, 10% decrease in parameter

Figure 14: Sensitivity of earnings quality to model parameters. The values of parameters are as estimated
(see Table 5).

[title = Changes in price efficiency, %, ybar, x axis line style = opacity = 0 , axis y line = none, tick-
width = Ipt, bar width=5mm, x tick label style = rotate=35, anchor=east, title style=font=, enlarge y limits
= 0.06, enlarge x limits = 0.1 , symbolic x coords = Fundamental uncertainty, 62, Investors’ fundamental
info, gy, Misreporting incentives uncertainty, Gg, Investors” misreporting incentives info, gg, xtick=data,
nodes near coords, width=11cm, height=6cm, legend style=at=(1.05,1), anchor=north west ] coordinates
(Fundamental uncertainty, 63,—2.873) (Investors’ fundamental info, gy,8.494) (Misreporting incentives un-
certainty, Gg,—2.300) (Investors’ misreporting incentives info, q5,2.676); coordinates (Fundamental uncer-

tainty, 0'3,2.712) (Investors’ fundamental info, gy, -17.413) (Misreporting incentives uncertainty, 0'(:2,2.389)
(Investors’ misreporting incentives info, g¢,-2.564); 10% increase in parameter, 10% decrease in parameter

Figure 15: Sensitivity of price efficiency to model parameters. The values of parameters are as estimated
(see Table 5).
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Appendix

A.1 Proof of Proposition 1

Let us start with a manager who has finite tenure, that is, works at a firm with certainty up until time 7. At

time 7', the manager’s problem is:

(eT —&r+ Z;{;ol (ex — Sk))z

max,, mrpr— > (A36)
i~ T i~ 0,T .0 & At 1 s
rlpot+ Y ajej+ ) Biel;+ ) B el i+ Z 7+ Z v mi)
j=0 j=0 =0 =0
2
er— €&+, olex—8&
_( r—er Zk—O( k— &) (A37)
2
The optimal report is:
T—1
ey =¢er— Y (ex—&)+mrog (A38)
k=0
Given the optimal choice at time 7', the manager’s problem at time 7" — 1 is:
2
er 1 —er 1+ Y4 (ex — &)
max,, , mr_\pr-i— ( 5 k=0 ) + 8yEr_1[Ur] (A39)
The expected utility at time 7 is
T2
mr o
Er[Ur] = Er— [mTPT + (TZT)]
! e ore 1,71 & Wi 171
= Er1[mr]  po+ Z aj e,—l— Z ﬁ 811+ Z ﬁ 811+ Z m]]+ Z m{]
J=0 J=
mr o
+ET—1[< T T) %40)
The optimal report at time 7 — 1 is
T2
er_1=&r—1— Z (ek — Sk) +mT,106;:11 + SMET,1 [mT]OCIT;l (A4l)
k=0
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By induction, the manager’s optimal report at time ¢ is

t—1
e =&~ Y (ex — &) +m0f + 8oy Eyfmy 1]+ 8oy T E [my 4] (A42)
k=0

Now work forwards starting from ¢ = 0:

e = €+ ogmo + Sy oy Eo[m1] + 805 Eolma] - (A43)
e1 = &1 — (agmo + 8y 0 Eo[mi] + 80 Eo[m2))
+oimy + Sy oFE [my] + 803 Ei[m3]  (Ad4)
er =& — (— (ofmo + Sy ag Eo[mi] + 8508 Eo[ma)) + af my + Sy o Er[ma] + 8y 0 E1 [m3))
— (ogmo + Sy 0 Eolmi] + 83705 Eo[mo))
+agmy + 805 Ex [m3] + 837 05 Ex ma]
=& — (a|my + 8y 0 E1[ma] + 8300 E [m3))

+02my + Sy 03 Ealms] + 5402 Ealmy]  (A45)

Finally,

e =&+ a m; + Z 5MOC Et [mtJrk] Ot m, 1— Z 6M lEt 1 mt+k} (A46)
k=0

In the paper, I focus on the steady-state, i.e. T — oo,

A.2 Proof of Proposition 2

Denote by ¢, a1 and o the steady-state responses of current, one-year ahead and two-years ahead prices’

to a current managerial report. Managerial report in steady-state is then:

e; =&+ (0 + Sy + Syn)E — o3 — Sy ou & o — ok (A47)
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Right before the report ¢; is released, variance of the report from investors’ perspective is

Varle,] = (1—qy) 0y + Var[va,—1|ei—1] + Var[va,—ale,—1,e,-]
+(1- 45)65(050 +opan + 51\2/1052)2 +Var[8 -1 |et—1]61;4/1a22

+Var[§2,z—2|€t—l s et—2]6A2/1a12 + Var[‘:z,t—3 ’ez—l ,€1-2, ez—ﬂag (A48)

Denote 62, = Var[va,—1le;—1], 02 =Var[va,—ale—1,e-2), 6521 =Var[&yi—1e—1], ng =Var(&yi-sle—1,e-2),

and 6523 =Var|&,_3le;—1,e,—2,e,—3]. In this notation,

Varle,) = (1 gv)oy + 03 + 0, + (1 = )07 (0o + o + 800)° + 0F 83,05 + 07,8067 + 0F; 0fA49)

covle;, v, = 63(1 — gWA50)

Therefore,

Varlvile] = (1 - qv)0

(1—qv)0} + 0y + 0y, + (1 —g¢) 07 (0 + dyran + 8 00)? + 02, 805 + 07, 6507 + 02305
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In the steady-state, G‘%l, 632, Ggl, ng, and 6523 are the solution to:

631 = (1 *QV)G\%

(1=gv)o} + 0y, + 0y, + (1 —qg) 0z (0 + dua + 800)* + 0Z, 8305 + 02,8304 + 62,05
0322031
4
o 22 2 2 vl 2 v )2 1 2 S4 o2 2 S22 5 (AS3)
(1—qv)6v+0vl+Gv2+(1—qg)cg(ao+5Mal+5Ma2) +G§15Ma2 +G§26M(xl +G€3a0
Gglz(l—qg)og
2 -4
_ (1 =ag) "o (A54)
(1=qv)o} + 0y, + 0y, + (1 —q¢) 0z (0 + duan + 8j00) + 0Z, 8305 + 62,8304 + 02,05
2 2
Ogr = Of)
_ Ggl‘g"%ag (A55)
(1=qv)o} + 0y, + 0y, + (1 —qg) 0z (0 + duai + 8j00) + 0Z, 8305 + 02,8304 + 02,05
2 2
653:(752
4 g4 4
o:, 00,0
_ 2 7M1 (AS6)

(1= gqv)od + oy, + 03, + (1 = q¢) 0F (0 + Syrau + 8j300)? + 0F 8305 + 02,6507 + 07,05

The change in the firm’s price around the earnings report release includes updating based on the report and
on the concurrent information. The concurrent information provides v? :+1»> and the earnings report provides

information about v, V2,1, and Vo ;_».

pfost-report _ p?re-report _ (5[ + 512 4 513) v?’t 41 (AST)

+(1+ 6+ 612) (ez —E [‘3Z|Itmaﬂmt \ {el}])

x (1—gv)oy (AS8)
(1—qv)07 + 0y + 0y, + (1 — ¢ ) 0f (a0 + Syan + 85 00)? + 02, 8305 + 07, 65,07 + 02,05
+(1+1+68) (e, —E [e,|ltmarket \{e:}])
2
Oyi
X A59
(1—gv)o2+02,+ 02+ (1— qg)og(oto + 8oy + 85 00)2 + 6215;;10622 + 65251‘2,10612 + 6§3ag (A59)
+3 (e, —E [e,|l,m‘“ket \{e:}])
2
Oy
X , (A60
(1=gv)o}+ 0y, + 07, + (1 - g¢) 0z (a0 + Syra + 00) + 0F, 83,05 + 0%, 53,05 + 07505 (A60)
ket (1-gv)oy —
where (e — E el \{en}]) X = iorran s aofion rwen e of sy o marroha — Elvarled)
ket oy —
(e, —E [ef“tmar ‘ \{e’}]) % (l—qv)03+031+a§2+(1—qg)o§(%+6Ma11+6,,24az)2+c§,6@a§+o§26}4af+ag3a§ =E[va-iler, e1];
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market oy _
and (et —E [et|1t \{et}D X av)ottod o5+ (1 9¢)0, 5(0¢0+5M;!21+5A24a2)2+05215f4%+"52251\240‘1 +0;05 = Elvasaler e eral.

The earnings response coefficients solve

B (1+8+62)(1—qv)og+(2+8) v1+3c;32 A6
®o = _ 2 2 _ 2 s 52 2 54 2 52 2( )
(1—gqv)oi+02,+0%+(1 qz )07 (00 + Syron + 8700) + Gél + 07,65 +Géga0
o — 2—1—51)( —QV) 21302 1—|—3 (A62)

' (I—gy)02 02 + 02+ (1— qe)02 (00 + Sy + 00)2 05154 +02,0507 + 02,05
0 = 3((1 qv 6v6v1+6v2) (A63)
(1—gv)o}+02 +0%+(1—qg¢) é3(oco+5Moc]Jrﬁj%lo@) G§154 0225,‘24 +Gégoc§

A.3 Proof of Proposition 3

Between any two earnings reports, the market only learns about 811 and m} Since & and & and m; and m;
are independent, the market’s beliefs about €, and m; remain unchanged: E[e,[I["4*"\ {e;}] = E[e, [I™*!].

The change in the firm price during a year between two earnings reports is

pre-report post-report 1 0
Piv1 —Pi (Vl 1T VI z+1) + &V + Vi)
2,1 2.0 2 93\4,0
+ (9 Vi1 + 6 V1,t+1) — (6 +67+67) Vit

+ (e —Eles]) x (o — o) (A64)
A.4 Proof of Proposition 4

E [52.1 lef]

. (1-q¢)
_ _ market 4
= (e~ E[al] \ed]) x (1=av)oy+0y,+05,+(1—q¢ )07 (t+8y 01 +8j;02) >+ 0, 8y 05 +07, 8 4 +0,.0 (A65)
E, [éz,t—l |el‘7 et—l]
(1*%5)652

_ _ market
= (a1 —E [t \e-1}]) ¥ e gran s +(1—4¢) 07 (@ 8y 1 +67,00) 07, 83y 03+

2 2
gza o +0'53060

_ market ¢l
+ (et E [et|1’ \{et}]) x (I—qv)o3+02+02,+(1—q;) g(O({)Jr&\,,ocl+5}\2,,052)2+6§2154 (X2+0‘5225}‘24062+0‘ g (A66)
E, [€2,t72|etvet717et72]
(1*%5)6,52

_ _ market
= (42— E [aalf75"\ {er2}]) (1=gv)oy+oy+oy,+(1-q¢) §<a0+5Mal+6A2/1a2> 0z, 8y 0 0%, 0y 0 +053

e, 1 —Ele,_ Imarket e x 51
+ (e [ertl2 \ {er11]) (1=qv)o3+03,+00+(1—qz) ai(oco+¢$1\40q+52 )2 +0F, 803 +07, 5507 + 07,03

_ market 52
+ (e’ E [et|]f \{et}]) x (I—qv)o3+02+62,+(1—q;) 5(oco+6;|,,ocl-&-6}\2,,052)2+6§154 062-‘(-65225}\24062-4-6 g (A67)
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E, [Vz,z lef]

_ _ market (1—qy)o?
- (el E [ ol \{et}]) x (lfqv)03+63]+632+(l7q§)652(0t()+6Ma1+:$,%,,a2) +c§2154 a2+c§262 a2+0'§% 2(A68)
Et[VZ,t—l |et7€z—l]
62
= (6171 —E [elil‘]tnlalrket\{e 71}]) (1-gv)oy

(1—qy 6‘,+631+G§2+(l—qg)crg(oco-‘rSMoq—s-ﬁ,@az) +62 54(12+62 52 ocz—~-cr(;_2 o?

market o) A
+ E X
(e, [etllf \{e,}}) (1=qv)03+0y, +03,+(1-4¢ )02 (a0-+ 8 01 +83;00)2 +0Z, 8 05 +07, 807 +02, 0 (A69)

MEP™ P = VD v+ Vi (A70)

+(ato+ Sy + 8300)EP 4| — &2 — Syt — S0y, (AT1)

+Ei[Vos+ Voi—iler,er—1] (A72)

E[(a0+ 8o + 8500)&7, 1 — 00&as—2 — S0t &aymt — 800 6nler,e-1, 2] (A73)

or

ME[post»report _ V?.,H-l + v+ V1,;_(A74)
+(op+ O + 5A2/1a2)€{),t+1 — 00812 = Suan i1 = 881 ATS)

+Bo % (e — E [ed ™™\ {e,}]) + B x (er-1 — E [er 1 [I™5\ {e,_1}]) + Bo x (er-2 — E ey [I™5\ {e_»}])(AT6)

(1-qv)07+0y, ~ 02, ~u 0 0%, —8j;00(1—q¢ )07
1=v) 0y +0y;+05,+(1-q¢ )0z (0o-+8y 01 +87 )2 +0¢, 8y 05 +07, 807 +07, 0
_ (1-qv)07 0007, — By o (1—q¢ )02 d
pr= (1-gv)07 102,102, +(1—¢¢) 0 (oco+5Ma1+82a2) +of, Gy tol5gal ot 41
ﬁ o —050(1—‘15) 3

27 (—qv)op+ol,+o+(1— q¢) 0% (00+8u o +8500)*+0, 8,05 +07, 807 +07, 05

where By =
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A.5 Proof of Proposition 5

Since the market’s beliefs about & and m, remain unchanged during a year between two reports, the market’s

expectation of the next earnings report changes only because investors learn v{ | and 611,, I
- t - t 1 2 1
MEZS™™ = MEP™ = vi o+ (0o + 8o + 81702) &1 1y (A77)

A.6 Theoretical moments

In this Appendix, I list theoretical moments and explain how they help identify model parameters: the
total fundamental and misreporting incentives uncertainty, 62 and Gg, the fractions of fundamental and
misreporting incentives information that the market knows, gy and g¢, and the part of these fractions that
investors learn from sources concurrent with earnings reports, ¢’ and qg. In total, I use nine theoretical

moments:

1. Earnings response coefficient:
E p?ost—report _ p?re—report — % (et _E [ e [tmarkEt \ { e[}] )} =0 (A78)
2. Variance of earnings reports:
2
Varle:] = 30y + (00 + 8uai + 8j00)” 07 + 05 0% + 807 0% + 80507 (A79)
3. Variance of change in the market’s expectation of the next earnings report during a year:
pre-report post-report | 1— 0\ 2 1— 0y 2 S 52 2 A
Var |ME;_; ME; =qv(1—qy)o, +q:(1—q¢)o; (0o + 8y + 8j00) (A80)
4. Covariance of time-(¢ + 1) earnings reports with residuals of the time-t "ERC" regression:
Cov |er1, pp* P — pPrerP — oy x (e, — E e |[market\ {er}] )] =qvq)ol (8 + 87 +87) (AS81)

5. Covariance of time-(7 + 1) earnings reports with residuals from regressing change in prices from right after the

time-¢ report to right before the time-(¢ + 1) report on the time- earnings report surprise:

COV [etJrl’p;)iel—report o p?ost—report _ (al o aO) % (et _ E [et |Itmarket \ {et}] )}

=qvgdop(1- &) +av(1—qd)oa(1+ 8 +57) (A82)
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6. Covariance of time-(¢ 4 1) earnings reports with residuals from regressing the market’s expectation of the time-
(t+ 1) earnings report on the time-¢ earnings report surprise, the time-(z — 1) earnings report surprise, and the

time-(# — 2) earnings report surprise:

Cov [er 1, MEP™ P — By (e — E [ef 17\ {er}] ) = By (er-1 — E [ 1 ™5\ {er-1}] ) = B2 (er-2 — B [er2l™5<\ {er 2}] )]

2
= qvay0y +24v0y +4¢q2 OF (ao + Syoy + 51%,1062) +qg 02 05 +q; 0% 8 0F + q 07 8y 05(A83)

7. Covariance of time-(z + 1) earnings reports with changes in the market’s expectations of the next earnings

reports during a year:
pre-report post-report 0y <2 0y <2 2 2
Cov e 1, ME; | — ME; } :qv(l—qv)G\,—l—q&(l—qé)Gg ((X0+5Ma1+5M062) (A84)

post-report pre-report
—P:

8. Covariance of the residuals from regressing ( Di on the time-f earnings surprise with residu-

Epost—report
t

als from regressing M on the time-# earnings report surprise, the time-(f — 1) earnings report surprise,

and the time- (¢ —2) earnings report surprise:

Cov [p;)osl—reporl _ p;)re—report —a (et _E [et ‘ Ilmarket \{ et}] > 7
MEPOSTePot _ g, (e, —E [et|1,marke‘ \ {et}D - B <€t71 —E [6171 |aket {8171}}> -B (et72 —E [6t72|lzniazrkel \ {et72}} ﬂ

= qvgdo? (5, - 513>(A85)

. . . _report St~ t . . . .
9. Covariance of the residuals from regressing ( Pl — ppesrerer ) on the time- earnings surprise with changes

in the market’s expectations of next earnings reports during a year:

Cov pfyiel—report B p?ost-report o ( a — ) « (et _E [et ‘ Itmarket \ {et}} ) M Et;)ie:l—report M Etpost—report}

=qv(1-¢))os (1+8+687) (A86)

A.7 Estimation procedure

The objective of the GMM procedure is to minimize the distance between the theoretical moments, which
are functions of the model parameters, and empirical moments, which are calculated from the data. In other

words, the goal is to find a set of parameters 6 such that

T

R 1 .
g(¥;,0) | W

0 = argming g N
i

M=

8(:,0) |, (A87)

2=
1=

Il
_

1
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where 3 YV, ¢(Y;,0) = m(d) —1i(0) is the vector of average differences between moments computed from
the data m(d) — a function of data d — and their counterparts computed from the model 7(60) the model —
a function of the model’s parameters 0. I show how each element of this vector is calculated in table 11
below. The matrix W is the weighting matrix.

The estimation is conducted in two steps. In the first step, the algorithm searches for 6, that min-
imizes A87 with an identity matrix as the weighting matrix W, = E. Next, I take the obtained esti-
mates él, plug them into the vector ﬁva: 18(Y;,0), and calculate the covariance matrix of this vector,
Q= XN [8(¥;,0)][g(Y;,0)]'". In the second step, the algorithm searches for 6, that minimizes A87 where
the weighting matrix is the inverse of the covariance matrix: W> = Q~'. The parameter estimates obtained in
the second step éz are the ultimate estimates. I use the Controlled Random Search algorithm (Price (1983),

Kaelo and Ali (2006)) to search for 6 in both steps.

I calculate standard errors of the estimates using the formula for the asymptotic covariance matrix of

estimates:

1 ran_1ap—
V=—_[6Q 6", (A88)
N
A O(FEN 8(%:,0)) . . ) A . .
where G = —=5g— is the Jacobian matrix, evaluated at 6;. The derivative of moment k with respect to
I(LXN g(v,0 . . . A .
parameter p, W, is calculated by increasing parameter 6, by 0.01% (keeping other parameters
'p

constant) and dividing the difference between the new value of the moment and the value of the moment at
the 6, (& XN, 8(Y;,6)), (1.00016,) — (£ XV, g(¥;,0)), (6,) by 0.01% of 6.

The J-statistic is J = N (5 L, g(¥;, 9))TQ_1 (+ XX, 5(¥;,0)) and follows a x?* distribution with the
degrees of freedom equal to the number of moments in excess of the number of parameters (9-6=3 in my

case) under the null hypothesis that the model does not fail to match all moments.

A.8 Calculation of differences between empirical and theoretical moments

In this Appendix, I explain how the empirical moments used to fit the model are computed. The paper
uses nine moments: one mean moment (earning response coefficient), two variance moments (variances of
earnings reports and changes in market expectations during a year), and six covariance moments.

The data series used in estimation are reported annual earnings and analyst forecasts of annual earnings
from the IBES database, firm prices from the CRSP database, and book values (for normalization) from the

Compustat database.
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I start by computing aggregate reported earnings, analyst forecasts, and firm value by multiplying IBES
earnings-per-share, forecasts of earnings-per-share, and prices, respectively, by the total number of shares
outstanding. Next, I normalize the aggregate values by dividing them by 3-year lagged book values.

I treat my data as cross-sectional. For each observation i, I have 9 columns:

1. Reported earnings, eﬁ, — earnings reported at time ¢.

i

2. l-year-lead reported earnings, ¢; i,

— earnings reported at time # + 1.

3. Earnings surprise, ¢! — LAF/, — the difference between the reported earnings number at time # and the

last analyst forecast before the earnings announcement.

N . . ost-report; re-report;
4. Change in firm prices around an earnings announcement, py>° o — pPretePORE

— firm price on the
first trading day after an earnings announcement at time ¢t minus firm price on the last trading day

before the earnings announcement.

pre-report; post-report;

5. Change in firm prices during the year following an earnings announcement, p; | ,

firm price on the last trading day before an earnings announcement at time ¢ 4+ 1 minus firm price on

the first trading day after an earnings announcement at time ¢.

6. First analyst forecast after an earnings announcement, FAF/, — the first analyst forecast of time-f + 1

earnings issued after the earnings report at time ¢.

7. Change in analyst forecasts during a year following an earnings announcement, LA ti+1 — FAF}, — the

last analyst forecast of time-f + 1 earnings issued before the ¢ 4 1 earnings announcement minus the

first analyst forecast of time-7 + 1 earnings issued after the ¢ earnings announcement.
8. l-year-lagged earnings surprise, e/, —LAF' ,.
9. 2-years-lagged earnings surprise, e;_z — LAF;’_ 2

In the table 11 below, I provide formulas used to calculate differences between empirical and theoretical

moments. To save the space, instead of PP and POSUTePOIt guperscripts, I write P* and POS,
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