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Abstract:
We consider managers’ disclosures in an exchangeoety where the risk premium of
stocks’ expected returns is the product of twodextthe firm-specific beta and the
equity premium (the expected return on the marketf@io in excess of the return on
risk-free bonds). First, we show how managers’ldgaes affect both the betas and the
equity premium. Specifically, we establish thatctbsure by one firm’s manager affects
the betas of other firms. Second, we find thatittiermation quality of the managers’
disclosures, as measured by the variance of theureaent error, also affects the betas
and the equity premium. Finally, while the standaggresentation of the betas arises in
the absence of disclosure as well as under mandatlbdisclosure, we establish that this
representation does not extend to voluntary discéosin its place we provide an
appropriate “disclosure adjusted” representation fiee betas when disclosure is

voluntary.
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1. DISCLOSURES, BETAS AND INFORMATION QUALITY - INT RODUCTION

We analyze the effect of public disclosures on &spects of the risk premium in
stock returns. First, we consider the equity premithe expected return on the market
portfolio in excess of the return on risk-free ben8econd, we consider the individual
stock’s risk premiums as measured by beta in th@t&aAsset Pricing Model (CAPM),
that is, firm'srisk premium= betax equitypremium. We establish how managers’
public disclosures affect both the equity premiund @he firms’ betas. We also study
information quality represented by the measureneerdr in the managers’ disclosures
and find that an exogenous change in informaticalityuaffects both the equity premium
and the betas. We consider the relation from dssck and information quality to the
equity premium and betas in two settings. In otst fsetting, disclosure is mandatory.
Consistent with prior literature, we view this g&jtas a stylized representation of firms’
required disclosures to the SEC, such as earnegwsts. We view our second setting
where disclosure is voluntary as a representatibrmanagers’ voluntary earnings
forecasts.

Currently, no formal theory links disclosures tce thsk premiums in stock
returns, as measured by b&@onsequently, prior empirical studies of the consaces
of disclosures interpret beta as a control variallecontrast, our findings suggest that
disclosures can directly affect both the beta &edwarket portfolio.

As usual, the firm’s beta is the scalar that, whrerltiplied with the excess return
on the market portfolio, characterized the excessrn of a stock within the framework
of the CAPM. When disclosure is mandatory, a firo&ta can be characterized as the
covariance between the return on the stock andetiven on the market portfolio divided
by the variance of the return on the market padfoWe establish that when the

disclosure decision is voluntary, left to the detmn of the manager, this characterization

1 The difficulty in creating a formal connection Ween voluntary disclosure and the cost of capita h
been pointed out in the theoretical literature, ¥esecchia (2001). Leuz and Verrecchia (2000) rioge
“a relation between the firm’s disclosure and isabfactor has little support in theory.”



is incorrect, provided that at least one firm maragpts to not disclose. In this paper, we
provide the correct, alternative representatiobeif. These results have implications for
the design of event studies of voluntary disclosuneempirical capital market research
that typically use abnormal stock returns resulfnogn an adjustment of individual stock
returns for the performance of the market portfélio
To summarize, our model provides a framework fer thaditional application of

event study methodologies to both mandatory andintaty management disclosures,
such as mandatory earnings announcements and aolumtanagement forecasts.
Further, our results provide a theoretical fourmatior recent empirical studies of the

association between management disclosures ansf fagtas or implied cost of capital.

2. BACKGROUND AND LITERATURE REVIEW

Recent empirical evidence is consistent with redwest of capital resulting from
increased disclosures regarding future firm prbfiity, such as management forecasts
and other communications with analy$tdowever, prior theoretical analyses of the link
between cost of capital and asymmetric informatiomot consider managers’ strategic
disclosure decisions. Consider two papers by Bamg/Brown (1985) and Merton (1987)
that are often cited as establishing a theoretaationship between disclosure and beta.
Barry and Brown (1985) demonstrate that a firm’sabearies with the degree of
parameter uncertainty about the variance of fufinme value? In contrast, Merton (1987)

considers investors to be uninformed about thete&xie of some stocks and, in

2 See, among many others, Baginski (1987).

3 Such studies include Lang and Lundholm (1993, 129%0), Imhoff and Thomas (1994), Frankel,
McNichols, and Wilson (1995), Botosan (1997), He#lytton, and Palepu (1999), Botosan and Plumlee
(2002), and Bushee and Noe (2000). For exampleg laaxd Lundholm (1993) study variation in AIMR
analysts’ rankings of firms’ disclosures. They tise standard deviation of market-adjusted stockrmnst
and the historical correlation between annual rstand annual earnings. Botosan (1997) and Botmsan
Plumlee (2002) find that the estimated expected absapital vary cross-sectionally with discloswaed

the betas estimated from the market model. Beardatd O’Brien (2003a,b) document how regulations
regarding disclosures have a discernable effeth@misk-neutralized distribution of stock marketurns.

41n a similar vein, see Coles and Loewenstein (1888 Coles, Loewenstein, and Suay (1995).



equilibrium, the lesser-known stocks trade at &alist. Neither of these papers allows
managers to make discretionary disclosures thatctathe extent of either parameter
uncertainty (as in Barry and Brown) or investoigharance (as in Merton). As such,
neither supports studying the impact of disclogarandatory or voluntary) on beta.

To establish a link between disclosure and betaseguire that investors are risk-
averse since, otherwise, there would be no risknjarén stock returns. While some
papers on disclosures do allow for risk-averse stors, their models differ from the
current model in various respects. First, Dye (39898 Jorgensen and Kirschenheiter
(2003) address disclosures that mitigate paranueteertainty regarding future firm cash
flows’ mean and variance, respectively. Dye (199@)ntains that disclosures about the
unknown mean are mandatory and characterizes managguntarily choice of
disclosure precisiof. Jorgensen and Kirschenheiter (2003) investigatenagers’
voluntary disclosure decisions about the unknowmnawae, but do not allow that
managers’ disclose earnings or voluntary forecasgarding future firm valuesSecond,
Hakansson, Kunkel and Ohlson (1982) address marydatisclosures but do not
formalize the link to betas. Third, Jorgensen amsdbenheiter (2012 and 2015) extend
Verrecchia’s (1983, 1990) discretionary disclosseéting to allow, on the one hand, for
two firm managers and then, on the other handjdkraverse investors. While Jorgensen
and Kirschenheiter (2015) endogenously derives etatlearing stock prices when
investors are risk-averse and firm managers caonsshavhether to disclose, that study

does not consider betas and the equity premium.

5> Most prior work on voluntary disclosures assuni#igee that investors are risk neutral and solvesfock
prices (including Dye (1985) and Verrecchia (1998))allows for risk-averse investors but exogenpusl
imposes how risk is reflected in stock prices (idahg Verrecchia (1983)). As mentioned above, one
exception is Jorgensen and Kirschenheiter (2015).

8 Other models where the “voluntary” nature of discire is the manager’s choice of precision include
Diamond and Verrecchia (1991), Penno (1996), Adaradi Pfleiderer (2000), and Hughes and Pae (2004).
7 Other more recent studies on risk disclosuredudelHeinle and Smith (2017) and Heinle, Smith and
Verrecchia (2017).



The relation between voluntary disclosure and beta$ equity premiums are
studied by Hughes, Liu and Liu (2007) and Lambkeyz and Verrechia (2007 and
2011), but as with much of the other literature, Woluntary disclosure either means the
manager is choosing the level of precision in tiseldsure or, as for example in Lambert,
Leua and Verrechia, (2007), the comparison is betwmandatory full disclosure or
mandatory non-disclosure. Our model is the firstdeloto study betas and equity
premiums where disclosure is discretionary in #msse that it is common knowledge that
the manager has private information and decidesheher not to credibly disclose it.

To reiterate, despite similarities in assumptidimsns’ risk premiums have not
been formally connected to the managers’ disclosl@@sion concerning a voluntary
forecast of future firm value where investors cotiseinterpret absence of disclosure.
Hence, no theory currently links the voluntary thsare of a forecast of firm value to
that firm’s betd As a caveat, this paper fails to complete the biekween managers’
discretionary disclosure decisions and cost oftaaprhis link requires, in our mind, a
model that deals explicitly with an investment deam. In this paper, we restrict our
focus to analyzing the link between voluntary discre and a firm’s beta, deferring the
additional step that links disclosure to cost gfita for future research.

The paper proceeds as follows. In section 3, vesgnt the basic model with a
single stock. In section 4, we present our regattan economy with two firms, assuming
the future liquidating values of the firms are ipdadent. We summarize and conclude
with section 5. Appendix A contains the proofs whiAppendix B presents an analysis
for an economy with an arbitrary number of firms.

Before continuing, we wish to stress that we debgtas using a slightly unusual
approach. The usual approach is to begin with agg8ans about the distribution of

returns and derive betas from these. However, waataadopt this approach, as we need

8 We interpret this statement to include voluntasyetasts of earnings. More specifically, no thecabt
model currently links voluntary earnings forecatstsrisk where some, but not all, firms issue eaggin
forecasts.



to determine how disclosure affects returns. Hem@estart by deriving the equilibrium
prices and then use these prices to determinerbitins and betas. The approach may be
unorthodox, but it leads to analysis that is eyaatlalogous to that usually followed. In
particular, we show that the CAPM betas are idahtic those derived using the usual
approach, when we assume either full or no disciostiowever, the analysis of
disclosure, especially in a voluntary regime, nsitates that we adopt this more

complicated approach.

3. Equity Premium with a Single Risky Asset

We want to analyze how disclosure affects bothettpaity premium and a firm's
beta. To do so, we need to construct both of timesasures. However, the effects are
most clearly discernable if we break the analysts isteps. We therefore start with a
single risky asset. Although there is no beta anfitm, this is the simplest setting with
an equity premium. First, we analyze the benchmaakes of mandatory no and
mandatory full disclosure to show how mandatorgldsure of a public signal can affect
the equity premium. Second, we analyze how, wh#rtdethe discretion of a manager,

the manager’s decision to disclose affects theteguemium.

3.1 Equity Premium with Mandatory No Disclosure: Shgle Risky Asset

Consider a market with a risk-free government band a single risky stock. This
stock represents a claim on a firm with a riskyestiment project in place such that the
future liquidating values of the firm are summadze U, where the tilde indicates a

random variable. When the market opens, it is comkowledge that the liquidating

value follows a normal distribution with meap,, and varianceg?’ >0. There arel

investors who select their portfolios taking asegithe return on the bon(Rf —1), and

the stock priceP. When possible, we impose the parameter restni¢tiat stock prices



are non-negativé. Each individual investoi =1,...] has initial wealth oﬂMo and
constant absolute risk-aversioa,. Investor i spendsB; on bonds and purchases a
fraction S of the firm to maximize his expected utility, that
rgasx E[— exr{—aw}}
st W=BR+ SU

B +SPs W.

|
All investors take as given the market-clearingktprices, that isz S (P) =1. We are
i=1

interested in theequity premiumthe expected excess return on the market pastfoli
(represented by a single stock) over bonds, thaER= Elﬁ]— R, where the (gross)
stock returns ark =U /P2 In terms of expected returns and the standarcatieni of
returns, the upward sloping line in Figure 1 reprgs investors’ efficient portfolios
consisting of the bond (on the vertical axis) ahd single risky stock. The equity
premium arises as indicated on the vertical axifigtire 1. For ease of exposition, we

|
denote the aggregate risk toleranceatﬁ/:Zai_l as in Wilson (1968) and normalize
i=1

the return on bonds to zero, thatk&, = . Iithis setting, the market-clearing stock price
is PN°= E[J]—aVAF{J], where the "No" in the superscript denotes thatisclosure is

mandatory. The associated stock returns are norndatributed (see Jorgensen and

Kirschenheiter, 2015) in this regime and the equifyemium becomes

ERN° :aVar[U)éNOI Hence, the equity premium increases in investaggregate risk

aversion and in the variance of the liquidatinguesl and decreases in the expected
liquidating value.
While this stylized setting includes only a singteck, we interpret this stock’s

excess return as the equity premium on the madkfiotio to gain initial intuition.

9 In this initial setting, a sufficient condition ihat 4/ = aaj. While implausible, we only consider

unlimited liability firms to maintain tractabilitynder mandatory disclosure.
10 As usual, we usd for expected valued/AR for variances, an€COV for covariance.



3.2 Equity Premium under Mandatory Full Disclosure: Single Risky Asset
Modify the above scenario such that sometime betweleen the market opens
and the liquidation of the firm, a manager incursoat, ¢, to publicly disclose a signal,

Y , reporting information about the liquidating valperturbed by measurement errer,

such thatY =U +Z. The measurement errog , is independent of firm value and

normally distributed with mean zero and varianggé, Consequently, the public signal is
also normally distributed, that i¥, ~ N(,u,az), whereo? = g + 0. Subsequent to the
disclosure of the public signal, each investor'sisien problem entails selection of the
portfolio that maximizes expected utility given tlobserved signal,\?: y. For any

signal, the market price ensures that the demandhfares equals the supply for shares,

l ~
that is,iZ:l“S* ( P( Y= ))) =1. The resulting market-clearing stock price is:

PFu" (?:y): E[J|V:y]—c—aVAF*~’J~|V=yJ (1a)
"Full" denotes that full disclosure is mandatorpr Fany disclosed signat =y, the

associated stock returnsg™ =U/P™' (Y =y), are normally distributed. Since the

variance and covariance for conditional random aldeis do not depend on the
realization, we simplify the subsequent notatiorsbhgpressing the realization. Here, the

equity premium would be
EU|Y =y —C_R _avaru |Y
Y =

ERFI = E[RFUII ({(‘ - y)l{(“ = y]_ R, = PRl (7 = y t T prul

We ignore realizations of the signal for which thguity premium becomes negative
since in that case, after observing the signalinakstors would prefer to invest in the
bond since bond returns second order stochastidaltyinate the returns on the stock.
This possibility becomes remote as the parametethf expected payoffy, increases.

With this caveat, the equity premium continuesitwreéase in the investors’ aggregate risk
aversion, and decrease in the expected liquidatahge. Furthermore, we can make the
following observation concerning the impact of thisclosed signal, the variance of the

liquidating value and the quality of the disclosur@ mandatory disclosure regime.



Observation: The equity premium decreases in the sigﬁfai . The equity
premium increases (decreases) in the variance efctsh flow,o, for u>c (u<c).

The equity premium decreases (increases) in infoomauality,1/o? , for y>c (y<c).

The intuition for the comparative static resultsnsoarized in the Observation can
best be understood by relating the equity premiorrice. The equity premium here is
simply the excess expected return to the singlg @sset and the expected return varies
directly with the ratios of the conditional varianeof the terminal cash flow over the price
of the asset. The first result is immediate: thedttional variance does not change with
the signal while the price increases in the sigaal,a higher signal indicates higher
terminal cash flow. The next two results are man@glicated.

The impact on the equity premium of increasingegitinformation quality or the
cash flow variance is complicated by the impacinafeasing either of these parameters
on price. Consider first an increase the cash flaviance,o? . Increasing the cash flow
variance increases the conditional variance, baitnist effect may to be increase price,
since it may increase the mean more than it inesettee conditional cash flow variance.
This occurs if the prior mean is sufficiently higHative to the cost of disclosufé Next,
considering an increase in information quality, Hrealysis is exactly analogous. The
conditional variance decreases in information dquabut the price may decrease if the
signal is sufficiently low, with the net effect bgito increase the equity premium.

The preceding observation establishes that pudmatures can affect the equity
premium in future stock returns in a non-trivialttea Further, the information quality of

the public disclosure affects the equity premiurongequently, the design of empirical

1 The cut-off where the sign switches depends orassumption thaR: =1. Relaxing this assumption
changes the cut-off, but the thrust of the re®rtiains the same.



may be affected. For example, it is reopriori clear whether event studies should, or

should not, use returns or market-adjusted returns.

3.3 Equity Premium under Voluntary Disclosure: Sinde Risky Asset

Expanding on the previous section, consider nexstenario where the provision
of public information to the capital market is l&ftthe manager's discretion. Assume the
manager maximizes firm value, net of any disclostost, by her choice to either (i)
disclosure publicly and truthfully or (ii) withholthe noisy signal taking as given the

inferred disclosure strategies of the investors bhad information, Y = y. Thus, the

manager’s disclosure strategy is characterized dig@dosure thresholdx, such that the
manager discloses whep= x, and otherwise withholds. Investors hold the commo
prior belief that the manager’'s disclosure threghig X. In equilibrium, investors
correctly anticipate the manager’s disclosure agygt which implies thatx = X. As

above, investors set the prices of each firm tardlee market for their shares. When the

manager chooses to disclose, i.e., when the infiwmas such thaty > x, market

clearing arises whei S ( P( Y= ))) =1; otherwisei S ( P( Y< >)) =1.

Jorgensen and Kirschenheiter (2015) show that wdemanager voluntarily
discloses, the price is as described in (1.a) énpitevious section. Consequently, for any
disclosed signal}? =y, the equity premium is the same when (i) disclessrmandatory
and (ii) disclosure is voluntary and then the manathooses to disclose. The effect of
signal quality on the equity premium is also thenean these two cases. We therefore
direct our discussion to the case in which the manaloes not disclose. Given no
disclosure, rational investors correctly infer th¥t< x and update their priors
accordingly. Subsequent to investors’ updating loéirt beliefs, neither the future

liquidating dividends nor the future stock retuﬂﬁ(\? < x), are normally distributed. In

this case, expected cash flow, conditional on soldsure, can be expressed as

10



El0 Y <x|= u-a2a(x),
where a(y)= f(y)/F(y) is the anti-hazard rate of signal, the ratio & firobability
density function of the signal divided by the cuative density function of the signal.
Jorgensen and Kirschenheiter (2015) establishthieagquilibrium price of the firm is
pve (st):,u—aaj —aja(x+aaj) (1.b).
Superscript "Vol" indicates disclosure is voluntaffien, given no disclosure, the equity

premium required by risk-averse investors is

ER% = E[RVOI (VS x)]— R; :%\%l(%(} -R; =PT°T}((VX)Z) .

where we define the function(x) as u(x)=E|J |¥ <x|- P* (¥ <x). This representation
suggests that the equity premium continues to deparinformation qualityl/o? , when
the manager voluntarily refrains from disclosing.

We have now documented how the equity premium fiecefd by the public

signal. In the next section, we explore whethecldsure affects individual firms’ betas.

4, Beta and Informational Quality with Two Risky Assets

In this section, we expand our analysis to allowestors to invest in two risky
stocks indexed byj = 12Except for subscripts for the firm, all other esfs of the
model remain the same as in the last section. iicpkar, we assume that the cash flows
of the two firms are independently distributed.this way, we facilitate the analysis of
the impact of disclosures and information qualityfom betas in as simple a setting as
possible. However, our results are robust to theodluction of multiple stocks and
correlation between liquidating dividends. To skes,tconsider how our model would
accommodate expansion.

In general when there are multiplé@ ¢ ) dtocks, the market portfolio is the sum

J
of all stocks and its initial value iB, = z P, . The return on the market portfolio (gross
j=1

11



~ J
of disclosure costs incurred, if any) is therefd®e =[ZUKJ/Pm. Two observations
k=1

apply to all disclosure settings that we consider.

First, two-fund separation continues to hold, that S; =a“a where
|

a’t= Zay‘l denotes the aggregate risk tolerance as in W{{$668). This implies that
i=1

even when there are multiple stocks, two fundsiciffor characterizing the efficient

portfolio set. In standard portfolio theory thisghes that the efficient frontier can be

spanned by two (well-chosen) funds. These fundeesgmt a line, or parable, in mean-

variance space depending on whether risk-free bards or are not, available to

investors. In any equilibrium with two-fund sep@wat all investors hold the same

fraction of all stocks. Furthermore, investors’ derd for stocks and bonds vary based

only on what fraction of their wealth is investedbionds or in the market portfolio.
Second, the CAPM Pricing relation holds for eadatlstj. This means there is

some constantS,;, such that expected excess return for fijmcan be expressed as
ER, = B,ER,, whereER, is the excess return on stogkand ER,, is the market equity
premium or the expected excess return on the mpdedfolio. In each disclosure regime,
we denote the value weight of each stock in theketgrortfolio byw; =P, /B,;, and use
superscripts "No", "Full" and "Vol" to denote thegime. Since the prices will vary

according to the disclosure regime, so will thesggits. Clearly, these portfolio weights

J
add to one by constructiori w, =1. In addition, recall that the value-weighted agera
i=1

J
of betas sum to one, that ig w, B; =1. While we restrict attention to an economy with
j=1

two risky assets, it should be clear that the esitento an economy with more than two

risky assets does not affect our results. (See Agige3 for more details.)

12



4.1 Beta and Informational Quality under Mandatory No Disclosure

We start our analysis by deriving the beta and tgquiemium with disclosure
prohibited. After observing the prices of both &mceach investor demandsS, (P, P,)

shares of firmj’s stock and spendB, (P,,P,) on bonds to maximize the expected utility
of his terminal wealth,\/\~/i =B R, +S|1LTl+S,ZJZ. In this setting, the market clearing

stock prices arerNO = U, —aajj for j=12. When there are two (or more) stocks, the

investors’ efficient portfolios are still spanned the risk-free bond and the risky market
portfolio. As in section 3.1, all efficient portfok lie on an upward sloping line whose
origin is the return on the risk free bond intets®rthe market portfolio, as shown in
Figure 22 Hence, a straightforward derivation generates s that result in the

mandatory no disclosure regime, as the followingdrlem clarifies.

Theorem 1 With mandatory no disclosure, the beta can be dated in the usual

manner as

“ cov ﬁ_NO’~NO o) 2 J
5 =TA[F{§m_'“I§]mJ=(wj ) (cov{uj,éuk}/VA ;UKD

where the superscript “No” indicates that there was disclosure prior to investors’
No

trading and as earlier definedy"® = ———.
RO+R

The first equality in Theorem 1 simply restates #tandard equation for the
CAPM beta, while the second equality confirms tihat value-weighted sum of the betas
equals one. In this setting, the variance of st@tkrns and their betas depends on the

initial uncertainty as we show in the following @bary to Theorem 1.

12 Alternatively, instead of standard deviation ofuras, we could have measured betas on the hoalzont
axis. In such a graph, the market portfolio woudtvér a beta of one and the equity premium would have
been the slope of the upwards sloping (capital etatine.

13



Corollary 1 With mandatory no disclosure, the following compaestatic results hold:

a. the variance of the return on the stock of fijms increasing in the variance of firm
j's cash flow,
b. the beta for firmj is increasing in the variance of firniis cash flow, and

c. the beta for firmj is decreasing in the variance of firkis cash flow, for k# j .

The intuition for the first result is straightforvea increasing the initial uncertainty flows
through to increase the uncertainty over the returthe stock. The intuition for the next
two comparative static results then follow immeeliafrom this result and the expression
for beta. The beta for firm can be expressed as the covariance of the retuffirro |

with the market over the variance on the marketrretincreasing the initial uncertainty
on the cash flow of the firm increases it's owrunetvariance (equal to the numerator)
more than it increases the market return variaimoeeasing the initial uncertainty on the
cash flow of the competing firm increases the mark&urn variance, while leaving the

covariance term unaffected.

4.2 Beta and Information Quality under Mandatory Full Disclosure

Next, we analyze the betas and equity premium wthseliosure is mandatory. In
this setting, a public signal of its liquidatingviiend is disclosed for each stock. We
assume that the signals are independent, so éhatide is given as follows for
P (Y =y, Y, =y,)=E|0, IV, =y,|-c, -avaRJ |V | (2.a).
Since the variance and covariance for conditiooamal random variables do not depend
on the realization, we simply the notation by omgtthis realization. Clearly equation
(2.a) is analogous to the price for a single riakget under mandatory disclosure from

equation (1.a). We next use these prices from {@.epresent the betas.

14



Theorem 2 Under mandatory disclosure, suppose tt{éﬁ:yl,\?2 :yz) has been

disclosed. Then systematic rigk;"" , is priced as follows:

Full

==y
P (v y,)= SnA

Cov[ﬁjl:u" , ﬁnljull

VAR = (" (v, y,))"

?1=Y11VZZYZJ VA iljk

PjFuII (yl, yz)
R (o ¥2)* B (% W)

Full

where, in this case[™ (y,, y,) =

First, Theorem 2 states that under mandatory discd the beta is calculated using
conditional distributions taking into account thealbsed signals. In concert, Theorems 1
and 2 confirm that when there is either no infoiioraor full information available, each
beta can be calculated as the covariance betweaetilrn for the individual firm’s stock
return and the market return divided by the vamaon€ the market return. The betas
provided by Theorems 1 and 2, in the absence dfladisre and under mandatory
disclosure, differ only in the relevant distributicCAPM in Theorem 1 is based on the
unconditional distribution, while CAPM in Theorem i& based on the conditional
distribution given the two signals.

Second, Theorem 2 also provides a characterizatioime betas under mandatory
disclosure exploiting that prices are market cleariThis alternative representation does
not use the ratio of the covariance over the vagaof the cash flows. Instead, the final
term in this expression, is the ratio of (i) thev@eance of the firmj’s cash flows with
the market portfolio’s cash flows over (ii) the haarce of the total cash flows from the
market portfolio. Theorem 2 shows that the betafiion j can be expressed as the

product of this ratio times the inverse weight séet j in the market portfolioew;,*. This

alternative characterization proves useful in cgimg how the quality of disclosure and

the beta are related in the results that are shmlow.

15



One might suspect that the results of Theoremsdl 2aextend to a setting with
voluntary disclosure. In the next section, howeves, establish that these results do not
generalize to voluntary disclosure. However, befm@ceeding to that analysis, we wish
to clarify how changes in the model parameterscaffee betas.

First, suppose the two firms are symmegipriori, so that they have face the same
disclosure costs and have the same distributioaghrpeters, then the firm with the
higher (lower) signal trades at a higher (loweit@rand has a beta below (above) one.
These relations hold because the betas are incgeasid decreasing in their own
disclosure cost and signal, respectively, whileytage decreasing and increasing in the
disclosure cost and signal, respectively, of thenpeting firm. These relationships are

summarized in the following Corollary.

Corollary 2.1 Under mandatory full disclosure, firm has a beta that
a. increases in firmj's disclosure costg; , and decreases in firjis signal, y; , and
b. decreases in firmk s disclosure costc,, and increases in firnk' s signal, y,, for

k#j.

Corollary 2.1 shows how the beta of each firm delgseon disclosure costs and signal of
that firm and the competing firm. The intuition fibrese results can be seen by reference
to the characterization of the betas as the prodiuttie inverse market portfolio weight,
times the ratio of the covariance to the variancthe cash flows. Neither the disclosure
costs nor the realized signal affect the covariancehe variance of the cash flows.
Hence, disclosure costs and signals affect thesbetdy through price, that is, only

through the weight of the asset in the market pbaf Increasing the disclosure cost or
decreasing the signal for firmp will decrease price of firmj. This raises the inverse

weight of firm j in the market portfolio, denoted ag", in turn increasing(;’f”” (v, ,).

16



An analogous argument applies to changes in th@odisre cost and signal of the other
firm k# j, causing it to have the reverse impact on the dfefiam j .

Next, we consider information quality. More spexally, we wish to know how beta
changes when information quality increases. We exjbat price decreases as a result of
increased uncertainty with a lower disclosure dqualiower price will lead to a higher
return and hence a higher beta in a manner anaogothe impact of a decrease in the

signal. This intuition in fact holds, as the nexir@lary indicates.

Corollary 2.2 Under mandatory full disclosure, firm has a beta that

a. decreases as the quality of firfis signal, (as measured bb/afj ) increases if and
only if y, is sufficiently large, and that
b. increases as the quality of firds signal (as measured ko2 ) increases if and

only if y, is sufficiently large, forj z k.

Corollary 2.2 formalizes the intuition that highdrsclosure quality (or Iowerafj)

increases stock price and hence, decreases stmchsavhich, in turn, decreases beta.
This intuition is simplistic since, at the samedinower disclosure quality raises the ratio
of the covariance over the variance of the casWwdldHowever, these effects reinforce
each other as long as the signal is large enoughefremely negative values of the
signal, the effect on the price is so pronounced ithoverwhelms the effect on the cash
flows. In such extreme cases, the derivative r@grand a decrease in quality will
actually decrease the beta. This non-monotoniceffepublic disclosures on beta could
explain the paucity of empirical evidence on tl@stionship.

A final point is warranted regarding the pricing tife idiosyncratic risk under
mandatory disclosure. In a finite economy, firm gfie cash flow risk is not fully
diversifiable since the market portfolio is stiffected by the investors’ beliefs about the

residual risk for all firms. In the limit, as theimber of firms () goes to infinity, this
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effect disappears and all betas are independeheafiscretionary disclosure decision. In
the limit, the demand for discretionary disclosusesuld also fade. However, as long as
the economy is finite, the discretionary disclosdegision is driven by the idiosyncratic
risk. This is true even when this risk has a ndglegimpact on the pricing of the risky

stocks, relative to the systematic risk.

4.3 Beta and Informational Quality under Voluntary Disclosure

When the disclosure decision is voluntary theninasection 3.3., each manager
maximizes firm value, net of any disclosure cost,her choice of either disclosing or
withholding her signat® There are four cases to consider: (i) neither mendiscloses,
(i) only manager 1 discloses, (iii)) only managedi&closes, and (iv) both managers
disclose. In parallel with the discussion in seatth3, case (iv) where both managers
disclose results in the same prices, the same,bmtasthe same effect of information
quality on beta as under mandatory disclosure hEeuricases (ii) and (iii) are symmetric.

Hence our discussion of betas initially is confinedhe remaining two cases.

Theorem 3Let x; be the inferred disclosure threshold for firm jdadefine the function
v;(x;) asy, (XJ)EEl.UJ Y, SXJJ_Pi [YJ SXJJ'
Then the betas in a voluntary disclosure regimelmamritten as follows.

(a) If neither firm manager discloses, so that stees infer thaty, < x, and Y, < x,, then
}/OI (%)= W v, (Xj )/(Ul(xl) +0,(x,)) for j=12.
(b) Assume that only firm manager 1 discloses, #)ahvestors observe thg‘; =x, and

that manager 2 chose to not disclose which ledsitovs to infer thaty, < x, , then
I/OI (y1’ Xz) = C‘)j_1 VarlJ1 |Y1]/(Var|,61 |Y1J tU, (Xz ))
;/OI (y1’ Xz) = C‘)j_1 U, (Xz )/(Var[Ul |Y1] tU, (Xz ))

13 While one might worry about the sequence of the mmanagers’ disclosure decisions, the results remai
robust to simultaneous or sequential disclosurésiterts, see Jorgensen and Kirschenheiter (2015).
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Casual inspection of Theorem 3 suggests thatetisbdepend on the managers’
disclosure decisions — as captured by the disaosduesholds — in a non-trivial mattér.
Theorem 3 (b) reveals that when one firm managmateito not disclose, both betas still
depend on the information voluntarily provided by other manager. The betas varying
with the manager’s disclosure is consistent with r@sults presented when disclosure is

mandatory. We formalize this below.

Corollary 3.1 Assume that, under voluntary disclosure, only fimanager 1 discloses.

Then the beta of each firm will vary in the diseldsignal,y, .

Two observations are in place. First, betas costitmuvary with the disclosures.
Second, how the beta of a disclosing firm variethwhat firm’s disclosure, say,,
depends on whether the other firm manager choaseslter disclose or withhold her
information. We therefore predict that the empiriassociation from publicly disclosed
information to the firms’ betas is modified by whet the disclosure decision is
mandatory or voluntary.

As mentioned earlier, one might extrapolate froenrissults of Theorems 1 and 2
that the betas of Theorem 3 can also be calculatéde usual manner. Corollary 3.2

states that this would be incorrect.

Corollary 3.2 When disclosure is voluntary and at least one fimanager refrains from
disclosing, then the CAPM beta is not calculatedha&sratio of the covariance between a
stock’s return and the return on the market portfa@ver the variance of the return on

the market portfolio.

1 To simplify the representation in Theorem 3, wppsess that the value Weighmj , also depend on the

disclosure decisions. Our proofs and discussioa this into account. Further, the disclosure thokshare
defined independently when future firm values adependent.
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Under mandatory disclosure, the stock returns esyient to the public
disclosures by all firm managers are normally thsted with conditional variance,
VAR[LTj |\7JJ In contrast, the return on a stock after theorati investors observe that the
manager made no voluntary disclosure reflects thiaworable (undisclosed) news
inferred by investors. This truncation in investarpdating of their beliefs introduces
non-normality in the stock’s returns even thougbestors’ initial priors are that future
firm values are normally distributed. This impligst the returns on the market portfolio
cannot be normally distributed after investors obsdéhat some firm manager did not
disclose. Since the beta could be viewed as arisimg an imaginary regression of
individual stock returns on the return on the mankertfolio, it is not surprising that
truncation from investors’ beliefs rule out the akheta representation. One can think of
the betas in Theorem 3 as being risk-adjusted dineg represent investors’ updated
expectations defined over risk adjusted variables.

With regards to comparison of disclosure regimes; work indicates that
introducing mandatory disclosures of informatiomttinad previously been voluntarily
disclosed will increase at least some of the befas is an application of the classic
argument regarding the introduction of mandatosgldisures, beyond the disclosures that
would naturally arise in the absence of regulaticthen managers choose their
disclosure policy to maximize the current markduegeof their firm, the consequence of
mandating disclosure is to increase the informaiofuture stock returns causing a net
(expected) loss to current shareholders. Empitests documenting value relevance of a

particular disclosure do not suffice to supportuieqg that disclosure be mandatory.

15 The intuition for these risk adjustments is analtgyto the adjustments required for stock options i
Rubinstein (1976), see Jorgensen and KirschenH@iddi5) for more details. Cumulative abnormal nesur
calculated from standard betas, without using @urection for non-disclosure, would not rinse ratiof
the effect of the market risk. The problem arisesduse, in equilibrium, betas reflect the incremerisk
from non-disclosure by some firm managers. Thisgpiscification of the beta applies to firms thatctbse
voluntarily as well as to firms that do not dis@os
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This highlights the necessity for additional resbaron discretionary disclosure,

especially directed at the cost of disclosures.

5. SUMMARY

The contribution of this paper is two-fold. Firste consider a setting in which
public disclosure is mandatory for all firms, sualB earnings announcements. We
establish how managerial disclosures and theirityusfect the betas of individual stock
returns and the expected excess return on the mpodkdolio. Second, we consider a
setting in which public disclosure is voluntaryftleo the discretion of firm managers,
such as management earnings forecasts. We finchdrin@l relation between public
disclosures and their quality on excess returnsbatas. This relation is complex when at
least one firm manager chooses to strategicallgheid her information (i.e., chooses to
not disclose). We establish that CAPM pricing - froportional relationship between
the excess return of each firm and the equity puemi- does hold for all firms in the
settings that we consider. We establish two results

First, beta is traditionally expressed as the damae between the individual
stock’s return and the return on the market pddfdivided by the variance of the return
of the market portfolio. Intuitively, this seems nststent with estimating betas
empirically by a regression. We show here that tbpgesentation of betas is appropriate
when all firms are prohibited from providing infoaton and when disclosure is
mandatory. When disclosure is voluntary, howeveeta® no longer allow this
representation, provided at least one firm manabeoses not to disclose. The intuition
is that selective non-disclosure introduces a @tion in investors’ perception of the
distribution of stock returns that undermines thgression analogy.

Second, using the return on all stocks as the madkfolio, we find that the beta
of a firm is affected by disclosures of other fitcrAdternatively, we could have used the

return on all stocks and all bonds as the marketfgdm and calculated different betas
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accordingly. These alternative betas would be kdgect to spillover effects of one
firm’s disclosure to other firms’ beta$.

For ease of exposition, our results are presentath economy where two firms’
liquidating cash flows are assumed independenteiGitwwo fund separation, it is not
surprising that our results extend to any finitenter of firms. In addition, we have
established that the results reported here arestdiouthe introduction of correlated
liquidating values, assuming the existence of vi@ondisclosure cut-offs (we omit the
details of this extension). In conclusion, our iesprovide additional support for the
empirical evidence on the association between nenagt disclosures and beta.
However, our results also suggest care must beiggerin the construction of empirical

tests to reflect selective non-disclosures by finanagement.

16 The resulting value-weighted betas would still agicto one. We support these claims by the reéaris
their proofs) reported in Appendix B.
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7. APPENDIX A Proofs of Results

We begin by summarizing some of the equationshetext. For example, the
market clearing price in an economy with a singékyr asset under a mandatory no
disclosure regime is written as follows.

P=E|0|-avARD|= p-ad?.

So the equity premium (based on the gross stookr® =U / P) is given as follows.
ER=E|R|- R, =ac?/(u-ac?).

Recall that we normalize the return on bonds to.zhat is,R; = 1

Next, we introduce a signal, denoted¥as that represents reporting information
about the liquidating value perturbed by an indeleen, normally distributed error term,

£ ,suchthaty =U +& and Y ~ N(,u,az), whereo? = g} +o?. The resulting market-

clearing stock price with mandatory full disclosiseavritten as follows.
- - _ _ 2 A 2 2
7 =)= 017 = |- c-avari 7 =] =98 lu—cadi o (1)

2 2
(Uu +Je)

The associated equity premium would be
Elu Y =y|-c_
Py =y)

The preceding observations establish that publsclosures can affect the equity

R, =a{ly-c)o:? +(u-clo? -a) .

ER=E[RV =)V =y|-R, =

premium in future stock returns in a non-trivial ttea Consequently, it is nat priori
clear whether event studies should, or should us#,returns or market-adjusted returns.
Further, the information quality of the public d@sure affects the equity premium.

Next we consider the voluntary disclosure reginmealvoluntary regime, if the
manager discloses if and only if the signal exceedBreshold denoted as, then the
expected cash flow, conditional on no disclosua®, loe expressed as

E[J 1Y < x]: u-ola(x),
where a(y)= f(y)/F(y) is the anti-hazard rate of signal, the ratio af grobability

density function of the signal divided by the cuatide density function of the signal.
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Jorgensen and Kirschenheiter (2015) establish that price of the firm with

nondisclosure is

P(\?sx)z,u—aaj —aja(x+aaj) (1.b).
Further, they show that the manager’'s choice dflassire threshold is characterized as

follows:
2

X=pu-aos +U—2(c—aja(x+aaj )) (1.c).
UU
Hence, given no disclosure, the equity premium ireguby risk-averse investors is
EUIY<X_ g _ Jj{a+a(x+aaj)—a(x)}
PlY < x " u-ac?-dlalx+ad?)’

ER=E[RY <x]-R, =

Having provided the detailed equations, we are mowposition to begin the proofs,

starting with the proof of the Observation.

Observation: The equity premium decreases in the sigﬁat . The equity
premium increases (decreases) in the variance efcdsh flow,o, for u>c (u<c).

The equity premium decreases (increases) in infb'mmmuality,]/aﬁ , for y>c (y<c).

Proof of Observation: First notice that the following equations hold.
2

E[J‘\? = y]=/,1+(y—,u) 020:02 , and
U £

~~__2_2_Uj _ 2 _ a;
VAF{U‘Y-y]-aUlY—UU{l (—)aj+a§}_0“ At

Using these expressions and rearranging, we cariteetie price and equity premium

when disclosure is mandatory as follows:

y-c)og +u-c-adi)o?
2

o =) 7 =] avarfg 7 -] b0k e

and the equity premium as
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Elﬁ‘\?zyj—c_

acg’o?
- R, = L
PY =y

=gl 3]V =] - T ly=dog +{u—c-acg o

both as shown in the text of the paper. Then, theevation follows directly from by
taking the derivative of the equity premium witlspect to the signal, the variance of the
cash flows and the quality of the disclosure, respely. This completes the proof of the

observation.

Theorem 1In the absence of disclosure, the beta is calcdlatghe usual manner as
No _— COV[RJNO’ Rr':o] - M+l 'UJ'
/8,' - =51 - 2 2 |~@ T ayl
VAqu ] 04,170y, 0y

Proof of Theorem 1:First note that the following equations hold.

J

J ~ -
g DU, Cov{uj,éukLVAF{Jj]
P

2
_ Oy

=1
P, P.P, PP, PP

i'm

cov[R™ R¥|=cov| —L,&

and
J J -
F{~N ] kZUk kZVAR(U") o2, +0?
0| — =1 — k=1 — Ul U2
VARRM|=VA o

Further, the prices are given Bs= i, —ao, and P, =, + i, —aogj, —aag’,, so that the

beta can be expressed as follows

ﬁNozCOV[I-R;lNO,I;{:'L“O]z ULle UL211+JSZ — P P
' VAP{@OJ PPy PZ o5, + 03, a5,

2 2 2
=(,U1+/U2_aau1_aau2J/(ﬂ1_aau1J=( Mt _aJ/L H _aJ
2 2 2 2 2 2
0y, + 0y, Oy1 0y, + 0y, Oy1
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as shown in the Theorem, and completing the protfeoTheorem.

_ _ OVARR® opN° B
Corollary 1 With mandatory no dISC|OSUI’e,L2'J>O, '8‘2 >0, and '8—‘2<O
ilogy a0y 00},

for k#j.

Proof of Corollary 1: These results follow immediately from the partiéfferentiation

o 9B " :
of the equation in Theorem 1. As an example, ccmsrgg’—z>o. Writing this out
Uj

explicitly we get

1
do;, 003,

iy (ﬂl _aj,rﬂl( o+ 1 _aJ
B _ o [,L11+,L12 _aJ/[M_an (051+0'51)2 T4 091\ 051+ 00 .

2 2
041104,

No
This means that—‘2 >0 follows, since

oy
+ +
Ly z(uzl _aj+ uj( bt _aj
(UUl+0'U2) Ou1 Oy1\Oy170y,
_ay 1 1

=—2——+u (4 +p,-a) -
2 1 1 2 4 ( 2 2 ) 2
2 2 + 2 2 2
(O'Ul+0'U2) Ou1\Ou17 0y, UUl(UUl+UU2)

2
:%4',“1(//1"'/12—&) Oy,

2 2
(Uu1 0y 2)

>0.

2
(05, +a3,)
Note that this derivation relied on the assumptiwat all stock prices are positive, i.e.,

that 4, > aajJ . The other results are derived in an analogousdas

Theorem 2 Under mandatory full disclosure, suppose tlﬁ‘ﬁt: yl,\72 = yz) has been

disclosed. Then systematic rigk;"' , is priced as follows:
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-~ J -~ —_~ —_~
- ( ): COV[ﬁj':”” ,ﬁnﬁuu \71 — Y1'\72 :1 yz] . COV{U j ’;Uk Y=Y Y, = 3&}
S R A N e
VA Zuk Y =YY, =Y,
k=1
] e L1
! {ajl(l—ajllaf)+052(1—052/022)}'
where
Wt = Pr (Y1, ¥2) -1+ AR yz)_
P (Y. Y,) R (Y. Y,)

Proof of Theorem 2: The proof of Theorem 2 follows in an analogoushias to the
proof of Theorem 1, with the difference being thatv the conditional expectations and

conditional distributions are used.

Assuming we are in a mandatory full disclosure megi Corollaries 2.1 and 2.2

can be written formally as follows.

o (Vi ¥a) _ o 9B (vs.Y2) 0B (v1.¥2) _

Corollary 2.1 0 <0 and for k# |, j

ac, dy, ac,
Full
and M >0.
Yy
a _FuII ,
Corollary 2.2 w>0 if and only if y, is sufficiently large. Analogously,

aaﬂ.
B (v1.Y,)

5 <0 if and only if y, is sufficiently large fork # |
00,
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Proofs of Corollaries 2.1 and 2.2:The proofs of Corollaries 2.1 and 2.2 follow
analogously to the proof of Corollary 1, that ise wake the partial derivative of the

relevant variable with respect to beta, using tiigaéion for beta given in Theorem 2.

Theorem 3 Consider the setting where disclosure is voluntagnd let
a,(x;)= f,(x;)/F; (x;) denote the anti-hazard rate of the signal for fijmWe denote the

risk premium of stockj given no disclosure by firm managegr (scaled by investors’

aggregate risk aversion) as

Ui (Xi)EE[Ji v, Sxi]_PJ’ [\71 Sxi]zaﬁi[“

a,(x, +a02 )-a, (x, )J,

a

wherex; is the disclosure threshold specified in (1.b).

(@) Assume that neither firm manager chose to oss;l that is, investors infer that
\71 <X and\?2 < X,, then

V. X,

Vol (Xl-xz)zwj_l 1( 1)

{Vl(xl)+V2 (Xz)}

(b) Assume that only firm manager 1 discloses, i)ahvestors observe thg’{ =x, and

for j =12.

that manager 2 chose to not disclose which ledsitore to infer tha‘ﬁ?2 < X,, then
Vol =t 051(1_ 051/012)

1 (Y1' XZ) @ {051(1—0'51/012)+V2(X2)}

Vol =t V2 (XZ) |

2 (Y1' XZ) o {051(1—0'51/012)+V2(X2)}

Proof of Theorem 3:We outline a shorter but indirect proof here fartda). A complete
proof proceeds along the lines of the proof of Theo4 in Appendix B. The proof for
part (b) of Theorem 3 proceeds analogously.

When there are 2 stocks, each investor’s portfdiimice problem
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$T5?éi El_ exd_ a1V-\7I }]

st. W =BR,+SU, +S,U,
B +S,P +S,P, <W’

Since the initial budget constraint is binding, réwg yields
B ZVViO - S|1P1 - S|2F)2
such that

Vvi :MO _S|1P1+S|2P2)Rf +S|161+S|262
:VViORf +S|1(Jl_PlRf)+S|2(JZ _PZRf)

The investor’s objective function reduces to

min  Elexd-aW}|=exd-aw R JElexn- 35,0, - PR, )- 35,0, - PR

or
min  Elexd- 35,0, -PR,)- as.(0, - PR J]

Using the assumed independency of future liquidatash flows,
v elox 05,0, -Rr Yo 05,0, P,
we get the separation into two unrelated problems:

min Elexd- 3s,(0, - PR, J|
min E[ex;{— aS.Z(Jz - BR )}]

S2

In case (ii) where manager 1 discloses and margadees not, we get

rrsliln ex;{— ‘%}S,l(,tl1 -BR; )+ azS.iVAF{Ul ‘\?1 = ylﬂ

rr;in Eexp{— aS,Z(Jz -BR, )}‘\72 < x2]

We can use the first order conditions for an iteoptimum:
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0=4 (:ul -RR, )_aizsulVAdJl ‘?1 = le
0=E[J, - PR, Jexd- as,0,}|V, < ]

to solve for optimal demand for shares. This islgasen for firm 1 since

Applying the market clearing condition

I -1 (:ul_PlRf) l
. F 1= SI =1
;a VAR, |Y, = v, | 21: '

yields
(/11 - RR; ): aVAd_Jl ‘Vl = le

or the usual market clearing price on mean-varidoca

M _aVAF*Jl ‘Vl = Y1J
P = .
R,

~ U : :
The return on stock 1 can now be calculatedQ@sFl. The calculation of the price on
1

stock 2 proceeds as in Jorgensen and Kirschenli2d&b). We then calculate the return

~1+JZ
R+P,

as ﬁz =—2 . Finally, we calculate the return on the markettfptio as Ii’m =
2

U
P

For part (b), the equity premium is

a Elgl ‘Vl = y1l+ Elaz ‘YNZ = Xz]_ R
= .

ER:E[Rm‘leyl,stxz]—Rf o
1 2

_ Elﬁz‘i < XZJ'

nd S, R

E[R]Y, =
The betas now follow ag, = M a
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Corollary 3.1 Assume that, under voluntary disclosure, only fimanager 1 discloses.
9B/ (v.. %)
oy,

Then #0 for j =12.

Proofs of Corollaries 3.1 and 3.2They follow immediately from Theorem 3.
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8. APPENDIX B Results and Proofs for Alternative Market Portfolio

Throughout the body of the paper, we represenirtaiket portfolio as the sum of
J =2 stocks. Alternatively, we could have used the sind stocks and bonds as the

: ~ W : . :
market portfolio. In that case® = —=-. Below, we develop this alternative setting and

m

provide the proofs corresponding to Theorem 3 liig tase, thereby providing support
for our claims.
First, we introduce notation that allows for motgan two stocks and the

equilibrium prices with and without disclosure. Assing the firstJ™ firms disclose and
the remainJ —J" firms do not, wher®< J* < J, then let

Yi: Y2 3¢5 XE{Yl =Y g T Y, Yy S Xgugg,or, Yy S X.]}

and denote the vector of disclosures when firmstldses and denote the same vector
when firm 1 does not disclose as

X5 Yo g ,XE{Y1 <X Yo =Yoo Yae T Y5, Yoy S Xgeggou Y sxj}.

Consistent with A1 and A2, Iel?l(yl, Yo g6 4?(] and Pl(xl, Yo ¢ 4?(] denote price of firm

1's share under strategies determined by the tbigsix ={x,,---x,} if firm 1 does and

does not disclose, respectively. From JorgenserKasdhenheiter (2015), we know that
the equilibrium prices, when firm 1 does and doatsdisclose, respectively, are given as
follows:

2
A5 )| =305 by, b -0 ) - |

and
a[xl’yw*’){;(j:((ﬂi -aoy)-aia, x, +add )JRe =P - oha, [, +add /R, |
where we let y; E(yj —aajj) and usea,(y) to denote the anti-hazard rate of the

distribution for the signal, evaluated at y, that a,(y)= f,(y)/F,(y). We are now in
position to present and prove the analogous claims.

Theorem 4 Consider a voluntary disclosure setting where ih& fJ° firms’ managers
disclose and the lasf —J" firms managers opt to not disclose, whé&s J* < . L&t

Ez{yl,...yj*xj*+l,xj} denote a disclosure vector that summarizes invgsitwformation

set. Then the following are true:

a. While the CAPM pricing does hold, it is not suppdrby the betas calculated in the
standard manner. The expression for the standatd fwe firm j =1,...,J is shown

as follows:
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For j<J°: p%(z)= W, vaRD,[¥, =,
! QStd !
(/Jj _aaji)+(y (ILIJ -aoy ))iuzJ ~C
J
o 1. aof3)- w,” VAF{J] ‘VJ ij]_
For j=J": 'BiD(Z)_,u. e brmr)  a®

whereQS“‘-ZVAF{U ¥, = yk] ZVAF{U |V <x ]

j=J*+1

. However, lettinga; (x;)= f;(x;)/F; (x;) denote the anti-hazard rate of the signal for
firm |, then the price of systematic risk for firi= 1.., , that supports the CAPM

pricing is given as follows: o
For j<J°: p°(2)= W’ vARD, Y, =, |
’ J 2 D
(4 -a05)+ly, -, a3 ) %2 ¢, °

j

C o 1. a0[o) W, Ujj(a+”i(xi+aaﬁj)‘”j(xj)).
For j=J : B (z)— - a+;-(x- +aajj)) 0P ,

where Q° EéVAF{Jk ‘\7'( = yk] ZJ: %(aﬂrj (xj +aajj)—aj (x, ).

j=a%+1

Before turning to the proofs, we state corollaridgat characterize the voluntary

disclosure equilibrium when betas are measuredtiradao the total economy wealth.

Corollary 4.1 While the market risk premium and each firm’'s bd&pend on the

disclosure decision made by all firms in the ecopothe risk premium (or expected

excess return) of each firm is independent of thelasure decisions by other firms.

Corollary 4.2 The following are true

. If all firms disclose when disclosure is voluntattye resulting CAPM is identical to
the CAPM when disclosure is mandatory.
. If no firms disclose when disclosure is voluntahg resulting CAPM is different

from the CAPM in the absence of any disclosuresdsponding to Theorem 1).
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c. The market risk premium under mandatory disclossin@eakly (strictly) lower than
the market risk premium when disclosure is volunfaif any firm fails to disclose).
Further, the market risk premium is lower when Htisare is voluntary than when

disclosures cannot be made.

Corollary 4.3 In Theorem 4 when the first” firms disclose and the next—J" firms
do not. Then the following is true for the relatiesels for the expected excess returns
and betas under the three disclosure scenarios.
a. FortheJ" firms that do disclose, the risk premium is thme under mandatory
disclosure as under voluntary disclosure whilehleéas are higher when disclosure
is mandatory.

b. For each firmj of theJ-J" firms that do not disclose, let® < x; denote the

disclosure threshold chosen by the manager offtirat Then there exists a
threshold,x[* < x;, such that for signals below (or above) this thied, the risk

premium for firmj is lower (or higher) when disclosure is voluntaffere also
exists a thresholdxjﬂ >}, such that for signals below this threshold, teeatis

lower when disclosure is voluntary. Alsoxif < x, holds, then the betas are higher

when disclosure is voluntary for the signals in ithterval bounded by these
thresholds, that is, for signalg, O (x{” X, )

Corollary 4.4 Consider two identical firms except that one firmnager discloses while
the other does not. Then the risk premium and #ta are lower for the disclosing firm

than for the non-disclosing firm.

Proof of Theorem 4: To obtain the CAPM betas, we first derive the nearketurn
assuming both disclosure and non-disclosure arsilges Using this derivation, we
derive the variance of the market return. Next wewve the return to the shares based on
whether or not disclosure occurs, and then caleula¢ covariance of the return to the
disclosing and non-disclosing firms with the margettfolio. Using these derivations,
we show that the traditional CAPM holds if all fisndisclose, but not if any firm
manager fails to disclose. Finally, we derive tltBusted betas needed to form the
disclosure adjusted CAPM.
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To consolidate notation, assume the fitstfirms disclose wher®< J" < J, and

assume the last —J" firms do not disclose. Similar to the proof of thacing in
Jorgensen and Kirschenheiter (2015), we conjecand then verify) that the disclosure

decision is independent of the equilibrium demamcbtock,s,; . The initial wealth of the

|
economy, including bonds, iW,ﬂzZV\/io. Likewise, the terminal wealth of the
i=1

economy is

~ o~ I J J | - J* |

%= 3w -Esp 3380 -3 350
i= i= j= =1 i= j=1i=

o J I
=W R +Z(Ui _Pin)_ZCi
=1

j=1
Substituting in the equilibrium prices for th& disclosing firms and thed —J" non-
disclosing firms, we find that

- > (U -c, o’ 1 (U,
wm=Rf[wm°+z{ R > {R—'—u%o—aa?(x,)ﬁ
>

j=1 Rf Jj =J*+1 f
2 (U, »(c, o)
=R, {Wmo +Z(R_J—y?j—Z(R—'+(yj —,u?)a—’;'}+ ‘Z(ajjaj (xj +aoy ))J
EARAY =\ Ry i) iFm

This is the expression for the terminal wealth weh&ading occurs after the managers
observe the signals. The return on the marketgartis then given as

J g J* O'LZJ_ J

W Z;(Ui/Rf _'u}:))_z_l(cj/Rf +{y, _:“JP)O_;]}’ ‘;lajjaj (x +ad},)
Rm:Wmo =R, + = & I ] ]_

R;

The excess return on the market portfolio is
J*

2
i(ﬁj/Rf _'UJ!D)_Z(CJ/Rf +(Yj ‘,U}D)Zuzjj* ‘i(ajiai (Xj +aajj))
= _ =1 =1 i j=d*+1

R;

WO

Using y,.,X, :{\?; =YY = Voo oe = Y, Yge € Xe gergnnn Yy < xC,J} to denote the

vector of disclosures, the expected excess magketr or market risk premium is given
as follows:

-~ _ Rf J* EUJ Yj =yj]_CJ D D JSJ
ERm‘yJ*’XJ] R; —(Wmo); R H; (yi H; )0._]2
R > (EU. Y sx] |
' Wn:OJJri;ﬂ ]‘Rfj ] _'UiD'"USiai(Xi +aaji)
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The difference between the actual and expectedretuhen given as
- - . o1l & [~ -~ J [ -~
Rm_E[rmWJ*'XJ]:&Vm ) Z(Ui _E[UJ ‘Yi = yj])+ 2 (UJ _E[Ui ‘Yi SXJD :

j=1 j=d*+1
Hence the difference between actual market retodhthe expected market return is the
sum of the difference between the actual and egdeatiscounted cash flows. For the first

J firms, the expectation is the condition mean, or
ElU~]. ‘VJ = yj]: M+ (yj - U, )Jij/afj . For the nextJ — J" firms, the expectation is the
truncated mean, orE[Jj ‘\7] < xj]: p -ola(x ), where we leta,(y) denote
a;(j)=1,(y)/F;(y), that is, the anti-hazard rate of the distributionthe signal before it

is adjusted for risk, evaluated gt

Next, we derive the variance of the return on tharket portfolio. By
construction, the cash flows are independent. Hetheevariance of the market portfolio
is the sum of the variances of the conditional amdcated cash flows, or is found as
follows:

VARR, [V, %
- E[(ﬁm Ry ]ﬂ

o) E[(i(aj €0, %, =y )+ 3 0, €0, |7 < x, D”

j=1 j=Jd*+1

- (S0, el 5, = |7 = )+

j=1

i
j=J*+1

= (Wmo)_2 éVAR[Ji ‘\7] = yi]+ j§+lVAR[Ji Nj < XiU
<o S o2 o 3 v 2] o)
j=1 j

E[(UJ - E[JJ N] S X D2

Vjsij

i j=J*+1

We useQ3“denote the sum of the conditional variances ofdiselosing firms plus the
sum of the truncated variances of the non-disctpBims, or

Qs EiVAF{Jj v :yj]+ i VAR[Ji v sxj].
j=1 j=J*+1

The return to the firstJ™ stocks (where the manager discloses) is
- U. —c.
Ry J=—+—, and from above we know the rice is:
L7 :

2

P; (yj):{,u}) +(y]. —,ulp) 2 - J/RF . Consequently, the excess return is

i
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N J -C. R R | :
R, (yj)_RF - ( ] J)JFZ_ ~Re = o2 2 Re .
/,1}3+(yj—u}°)0f’2'—cj /,1}3+(yj—,u}3)0f2—cj

j j
This return is based on the investors observingitpeal. Since

E[U ‘Y _yl] 'ul (yl 'ul) U_zJ _aVAdai ‘VJ :yi]’
l
this implies that the expected excess return &pismium on a disclosing firm is
aVAF{Jj ‘VJ = yj] R = aVAF{Jj ‘VJ = yi]
P (y,—)

E[ﬁi (yl)‘i = yj]_ Re = 2
5 a;

w+y, - u )0.]_2 —C

The return on thel —J" stocks where the manager does not disclo§q ﬁx. ) = :

P ‘xj i

and from above we know that with non-disclosureghee is
— D 2 2
P ()= (P - ot a, [x, +agd /R
so the excess return on the non-disclosing firmsbearepresented as

- UR U - u? +024a.(x. +aaz.)
R- ) _R — i F _R — J J Upi—j J Uj R .
J( ) '“J -o5a (Xj +aajj) [ 1y —ajjaj(xj +a0u21) } i

This return is based on the investors not obserthiegsignal, but inferring the signal is
below the threshold. Since

ElD, ¥, < x |- 10 =02 (- a, (x, ) +a),
this implies the expected excess return, or rigkum, on a non-disclosing firm is
~ ~ g’ (a+a.(x. +a0'2.)—a.(x.))
E[Ri (Xc,,-)‘Y,— SX]]_RF =( Uj 1 Uj R
u, -aglatalx +adg )
_ aoy, {“(aj(xj +aajj)—aj(xj))J
P (Xj) a
Next, we derive the covariances and the betas Her disclosing and non-

disclosing firms, respectively. If managgr discloses, then the covariance with the

market portfolio is
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I
AR S| o =

COVIR. Y R Y., X, ]I Ve, X, | = COV] o
i j J J J J Pj y]' WO

m

= (Pj (yj )‘Nmo)_lE[(ij - E[Ji ‘VJ =Y, ]Xij - E[Jj ‘Vj = y,])‘\z = yj]

_1 -~ -~
= (Pj (y,- )Nmo) VAF‘{Ui ‘Yj =Y, ]
The returns on all the nop-firms in the market portfolio drop out due to thesumed

non-correlation among all the cash flows. Consetiyetne systematic risk premium for
firm j if the manager discloses a forecast using thelatdrcalculation is

psely )= COV[ﬁ,- (y,- ) ﬁm] _ (Pj (v, )’Vmo)_1VAF{Ji v, = yi]
j i VAI#ﬁm] 6Nm0 )—zQStd
s 5]
Rl Q®¢

Yo Xy

In analogous manner, if managgr does not disclose, then the covariance with the
market portfolio is

COV[I?{]. (xj ) ﬁm | yJ*,xJ]z (PJ. (xj )NmO)-lcoV{J,— ,kZJ:;Jk | Y, XJ}

= (Pj (Xj )‘Nmo)_lE[(Jj - E[Jj ‘VJ = X; ]XJJ -EU, ‘Vj s xj)‘fj S X

= (Pj (Xi )Nmo)_IVAF{Gi ‘\71 s Xi]

Hence, the systematic risk premium for firjn if its manager does not disclose its
forecast is

ﬂf’td(x,-)=COV[ﬂ(Xj)’f~m] w,® VARD [V, <x]

VAR, | P (%) QSu

Note that the beta of the market portfolio is irtleee:

J
2B =W,
=1

However, the usual CAPM relation does not holds&e this, note that the excess return
on the market portfolio can be written as follows:
N J*
_ W ;(Uj_Pij)_;Ci
—_ m —_ — —
Ro =R = o~ Ri = wE :

m
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and this implies that the expected excess retutth@market portfolio reduces to:

S 7 =l -mle | 3 (659 2x]-roe )

j=1 j:J*+1

E[ﬁnlﬁ]_Rf = WO

R R )

J=J*+1

a
W, °

We substituted using the price equations for trseldsing and non-disclosing shares

from above and we usedP® to denote the sum of the two summations in theeratuor,
or

o Eé@AF{GJ Nj = Yj])+05j i [1+ (aj (Xj +aajj)_aj (Xj ))]

j=Jd*+1 a

To summarize, the excess expected return on sgask

~ aVAF{Jj Y, = ,—]
E[Rj(yj)]_RF = P,»()‘/,-) d

if manager| discloses and is

ad} )[“ (0,5, +a03)-a, b, »J

E[Rj (Xc,i)]_ R = P (X,- a
if the manager does not disclose. The beta onitfaboding firm j is
ooy - v 0 )

P] (yJ ) QStd
while on the non-disclosing firm it is
W’ VAF{JJ‘ ‘\7] = Xj]
'BiStd (Xj ) = N Std :
P x;) ok
Two points follow immediately. First, the CAPM haldf all firms disclose. In this case
QP =05 and for each disclosing firm we have

aVAI%Lﬂij ‘\7] =ij_ - _ ~ A VAF‘{Ji ‘\?1 =y,—] a o
P (yj) = E[Rj (yj )]_RF =B (E[Rm]_Rf)‘ P (yj) Qs (an Q J

This is the result for mandatory disclosure, ot paiof Observation 1.
Second, if a single firm does not disclose, thentthditional CAPM fails for all
firms. For the disclosing firms, the expected exceturn is off from the CAPM return

by a factor ofQ°/Q59 . For the non-disclosing firms, the difference isrmipronounced,
since in this case we have
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o1 b)) ),

P, (xj a

%P, (E[ﬁm]_ Rf)

_ W VAF{JJ ‘\7] ij] a oo |- aVAF{Jj ‘—Y~J ij] QP
Px) Q> W Px ) Q)

Hence thedisclosure adjusted CAPI4 defined as the set of betas which are formed as

follows:
For theJ™ disclosing firms, the beta is
0ss  w° VARD, Y, =y,
ﬂjD(yj)zﬂiStd(yj) b~ ]‘DJ ]
Q P (y,—) Q
while for the non-disclosing firms, the disclosadjusted beta is

oy (1+ (ai (Xi, +aoy, )—qj (Xj )) a)

(a,(x, +a0%)-a;(x ))}

= m o- |1+
P (x Jo° “‘[ a

To see that the CAPM linear relationship holdsther risk adjusted variables, we need to
derive the excess return for each firm and the stanidturn using these variables. From

above we have the excess market return as

= — a
E[leyj*'x.]]_Rf :Wmo Q°.

Substituting for the excess return and the equdtiothe disclosure adjusted betas for the
J" disclosing firms we get

~ aVAF{Jj ‘\7, = yj]
E[Rj (y,- )]_ Re = Py
e 0 o o) et e 7))

and for thed - J° non-disclosing firms we get
aoy, {“ (aj (Xj +aoy, )—aj (Xj ))]

P. (xj) a

J
Wla; (a'.(x. +a02.)—a.(x.)) a _
) Pj(xj);;D (1+ . : - [WmOQDj:’BjD(Xj)(E[RmlyJ*’XJ _Rf)
Together these equations show that the linearioakdtip predicted by the CAPM holds

for the disclosure adjusted CAPM parameters. Toispietes the proof of Theorem 4.

E[ﬁj (XJ)WJ = Xj]_ Re =
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Proof of Corollary 4.1: The results in this Corollary follow immediatelypm the proof
of Theorem 4. In particular, the market-wide discliee affect both the equity premium
and each firm’s beta through the market wide rigasure,Q®, entering the numerator
of the equity premium and the denominator of thasfeClearly these cancel, leaving the
expected excess return unaffected by the markeg-digtlosures.

Proof of Corollary 4.2:

The results of parts a and b of this Corollarydalimmediately from a comparison of
the CAPM parameters in Theorems 1 and 2 and theMCpdtameters derived in the
proof of Theorem 4. For part ¢, we have from th@opiof Theorem 4 that the expected
excess market return is

E[Rn |?]—R -_& o
m | Y31 % { i
where
QP Eiajj(l_aji/ajz)Jf ZJ: JS{“(G] (XJ +aaji)_ai(xi)) .
1= j=ar+1

Similarly the expected excess market returns are

E[er;u” |;J’]_ Rf =Wa QFU”

0
m

under mandatory disclosure and
[0} —_ a (o]
E[Rr',j ]—Fef —WQN
J J
in the absence of any disclosures, whefé' => o), (1— g} /af) andQ™=> "o .
j=1 j=1
From the proof of part ¢ of Corollary 1 in Jorgensnd Kirschenheiter (2015),
we havea, (xj )>aj (xj +aoy, ) Further, the proof of the same Corollary shoved fbr

the anti-hazard rate for normal distributions, fir& derivative of the anti-hazard rate of
the signal for firmj is negative and increasing, asymptotically reaglziero at positive

infinity and reaching—l/af at negative infinity. Since the derivative is neegaand
bounded by one over the variance of the sign#d)laws that
agy; o} >a, (Xi)—m (Xi +aaji)
always holds. The first inequality insures that
s J o b, +a03)-a, (x )] _<
Q° Ezaji(l_aji/aiz)"’ 2 Uji[“ = aJ =< 05 =0
j=1 j=d%+1 j=1
always holds, implying that
— a a
e ] R, =200 <2 o el -

m m

always holds. The second inequality insures that
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QP Eiaﬁj (1_051_ /sz)+ z Uﬁj[l+ (a'j (xj +a05j)‘aj (Xj ))Jziagi (1_JSJ /U.jZ)EQFuII
1

e a I

j=J*+1
always holds, with the inequality strict as longoag firm fails to disclose (i.e., as long as
J" <J). This in turn implies that

E|RP |yJ*,xJ]—Rf :ﬁQD zﬁQFU” =E[R;“" |y_J']—Rf

m

always holds, where again, non-disclosure by desiiiign insures that the inequality is
strict. This completes the proof of part ¢ and ofd@lary 7.

Proof of Corollary 4.3:
As in the proof of Theorem 4, Ieﬁj (yj )— R- denote the excess return for firmunder
disclosure and IetF~2j (xj)—RF denote the excess return under non-disclosure when
disclosure is voluntary. From the proof of theorgnunder disclosure we have

] aV,‘AF{Jj |V, = y_j] o -39 L-a/o7)
ElJi ‘VJ = yi]_Cj —aVAij Wj = yi] ] P (yi) |
It follows immediately that this is the excess rat@ior a disclosing firm when

disclosure is either mandatory or voluntary. Frotredrem 4, the betas arising when
disclosure is voluntary, assuming disclosure, awhbtten as follows:

D( )_ ,E[Rj (yi )J_,RF
ﬁj Yil= 1=y —— \-
ER® 1Yy %, |- Ry )
Similarly the betas under mandatory disclosuregaren as follows:
FuII( )_ Ele (y,- )]_ R
’81 Yil =1 d5mm \:
ER™ Iy, ]-R/)
From Corollary 7, we have that the equity premigntower under mandatory disclosure
than when disclosure is voluntary. Since the exqmkeixcess share returns are equal, it
follows that the mandatory disclosure betas arbdrigcompleting the proof of part a.

For part b, we begin by noting that, from the probfTheorem 1, the expected
excess return under voluntary disclosure, given-disolosure, can be expressed as

follows:
E[Iij (xj )]—RF = ;Tjj)(1+ (ai (Xj +a0§i)_ai (Xi ))J

By construction, the threshold is chosen so &, )=P, (y;) for y, =x,. From the

E[ﬁj (y,- )] R =

proof of Corollary 7 we have thatajj /a].2 >a; (x]- )—crj (xj + aajj) always holds, so at
the threshold, we have
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E[ﬁj (yj )] “Re =

aajj(l—dj,-/af)< aoy, +(crj(xj +a0’jj)—aj(xj)) R
P {y,) P (xj)(l a ]_E[RI (Xj)] Re

Hence, at the threshold, the expected excess retwler voluntary disclosure is higher
than in the mandatory regime. However, as the falls, the disclosure pricer, (y, ),
falls, but nothing else changes in the precedingggn. Hence the expected excess
return in the mandatory regime increases monottinica that the threshold? <x; is

found as the signal that solves the following eiquiat
aoy, (1_,051/01'2): aoy, 1+ (ai (Xi +aajj)—aj (Xj ))
P () P x) a
Such a threshold exists, since the left-hand sas go infinity asP, (yj) goes to zero.
This completes the proof of the results on the etqueexcess returns.

The results on the betas follow by noting thattib& for firm j can be written as
the expected excess return on the shares of firdivided by the excess expected market
return. The results then follow by combining theulés on the market returns from
Corollary 7 with the results on the share retutr pompleted. The mandatory market
return is always lower than the voluntary markétme Since the expected excess return
on the shares is higher under the mandatory thamtawy regime for signals below the
threshold, that is, for ally, <x?, this implies the mandatory beta is higher tham th
voluntary beta for all these signals. For signaieve this threshold, the mandatory betas
are initially higher but are falling, since the exped excess return to the stock is
monotonically decreasing in the signal. At somenfpdhe betas in the two regimes will
equal one another, and this is how the threshdleé x® is found. This completes the

proof of part b, and of Corollary 8.

Proof of Corollary 4.4:
We can show that the beta is decreasing in the t&hwdisclosure, given disclosure, in a

manner analogous to Corollary 2, so it sufficeshiow that3) (xj )>,6’jD (yj) holds when
x; =y;. Since the manager is indifferent between disopsind not disclosing at the
threshold, whenx, =y, we haveP,(x;)=P,(y;). Writing the expression for beta with
and without disclosure, as

5oy, )= (J

P (v, Jo® gj
b, a0,
Woas a (x +ac? )-a;(x)
D — m™ Uj J J Uj J ]
B; (Xj)— S (xj Jo® [“ a ]

respectively. Hence, canceling terms, we hﬁ)?éxi )> B (yj) if and only if

2 2 _ 2
aoy ot >a, (Xj) aj (Xj +aau]')-
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But this inequality was shown to hold in the prawf Corollary 3.2 above, so this
completes the proof of Corollary 9.
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