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Abstract

The purpose of this paper is to explain how the choice between distributing cash through dividends or
shares repurchases affects the firm'’s ability to raise capital in the financial market. | assume investors have
quadratic preferences over wealth but different prior beliefs about the likelihood a distribution takes place.
At date zero agents purchase shares given their expectation about the firm’'s payout method. At date 1
the firm announces whether the payout takes place that period. As in Brennan and Thakor [3], investors
with different shareholdings have different incentives to gather information and, therefore, heterogeneous
preferences about payout methods at date 1. | assume the firm adopts the payout method preferred by the
majority of shareholders at date 1 under the one share/one vote rule. At date 2 the firm isliquidated and the
remaining output is distributed among its shareholders. If at date zero agents disagree but not too much on
the probability a distribution takes place, | show that a firm expected to pay dividends raises strictly more
financial capital than an otherwiseidentical firm which is expected to repurchase shares. Therefore, alarger
fraction of cash isdistributed as dividend than through repurchases. One concludes that even in the presence

of asmall tax disadvantage financial markets favor dividend paying firms.
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1. INTRODUCTION

A corporation that wants to distribute cash to its shareholders may do so by way of a dividend payment
or a share repurchase. In their seminal paper, Miller and Modigliani [6] proved that in a world without taxes
or transaction costs, where all information is symmetrically distributed and there are complete markets and
contracts, shareholderswould be indifferent between share repurchases and dividends. However, thisprediction
is clearly counterfactual since firms rely heavily on dividends even when they offer a tax disadvantage over
repurchases. The choice of dividends as a method to distribute cash by corporations has been rationalized by
anumber of authors (see [1] and references therein) as a costly signalling device that the manager of the firm
uses to convey her private information about the prospects of the firm to investors. These models, however, are
highly sensitive to the precise specification of the manageria objective function, and the difficulties to justify

an appropriate objective function, even when shareholders are symmetrically informed, are well known.!

In an illuminating paper, Brennan and Thakor [3] offer a theory of why shareholders have different
preferences for dividends and repurchases that does not rely upon an assumed asymmetry of information
between managers and investors. They assume that the share price is not a perfect aggregator of the private
information investors have about the prospects of the firm, and that the collection of information by shareholders
is costly. Under those circumstances, share repurchases are no longer a costless alternative to dividends if some
of the shareholders are better informed than others about the prospects of the firm. Hence, share repurchases
generate a redistribution of wealth from the uninformed to the informed. When money is paid out in the form
of dividends, instead, thereis no adverse sel ection because the informed and uninformed investors receive apro
rataamount. Asaresult, they argue, uninformed sharehol ders prefer dividendsto repurchases. Accordingtothis
theory, the manner in which the cash distribution is made creates different incentives to collect information by
the shareholders. If thereisafixed cost of acquiring information, large shareholderswill have agreater incentive
to become informed than will small shareholders. Therefore, repurchases are associated with redistribution of

wealth from small to large shareholders.

To explain the choice of payout method by the firm, Brennan and Thakor assume that the manager takes the
decision preferred by the owners of the majority of shares. Under this hypothesis, they show that dividends are
likely to be observed for small cash distributions while for large cash distributions share repurchases are more

likely. The precise outcome depends on the size distribution of shares, which they take as exogenous.

Brennan and Thakor’s theory rationalizes why firms use different payout methods. To argue that it explains
why a large fraction of cash disbursements takes the form of dividends, however, one must be ready to accept
that most distributions tend to be small. This paper explores an alternative explanation for this phenomena. It

might well be the case that dividend paying firms simply raise more capita than otherwise identical firms that

1 A common feature of these modelsis the dependence of the utility of managers on both the current stock price aswell as the end of

period distribution of cash Cows from the firm.



repurchase shares. If this were the case, then the fraction of cash distributed through dividends would exceed,
ceteris paribus, the fraction of cash distributed by means of share repurchases. That is, capital markets favor
those firms that pay dividends.

The purpose of this paper isto explain how the choice of the payout method affects the firm’s ability to raise
funds in the capital market. The theory proposed by Brennan and Thakor begs the question on how markets
selects among firms which adopt different payout methods, a question that could not be addressed in the Miller
and Madigliani framework where the payout method isirrelevant. Brennan and Thakor, however, did not focus
on this issue because they take both the distribution of shares as well as the firm’s financial capital as given.
To address this issue, the size distribution of shares must be endogenous because it is the equilibrium price of
shares what determines the funds an equity financed firm can raise in the stock market. In my model, asin
Brennan and Thakor’s model, agents with different portfolios have different incentives to gather information.
Investors who anticipate they will remain uninformed in the event a payout takes place, demand a higher risk
premium to hold shares if the company is expected to repurchase its stock rather than paying dividends; the
opposite istrue for those who anticipate they will obtain informational rentsin an open market repurchase. The
main question | ask is whether the choice of one payout method over another allows an equity financed firm to

raise more fundsin the capital market.

Even though for a given size distribution of shares and cash payment there is a unique payout method
preferred by the majority of shareholders, | argue that ex-ante identical firms can actually have different size
distribution of shares and, therefore, choose different methods to distribute cash. This is because the size
distribution of shares depends on the expectation that investors hold at the moment they buy shares about what
the preferred form of cash distribution will be when the distribution takes place. If investors conjecture that the
firm will repurchase shares then those who anticipate they will obtain information buy more shares and those
who expect to remain uninformed buy less shares than if the firm were to pay dividends, changing the identity

and preferences of the median voter in the shareholders' assembly.

| develop my resultsin ageneral equilibrium model of a stock market with two firmsthat at date zero issue
equity shares to finance a project. Investors, who have quadratic preferences and maximize expected utility
of wealth, disagree only about the probability the project will yield some output at date 1 and this creates the
heterogeneity in their shareholdings. At date 1, after learning whether the technology yields some output in that
period, each shareholder can pay afixed cost in order to learn what the output will be at date 2. At date 2, the
firm is liquidated and each shareholder receives afraction of the proceedings proportiona to her shares. If the
project generates some output at date 1, investors agree that the firm should distribute the proceedings among
its sharehol ders because they all have access to a better investment opportunity than the firm has. The form to
distribute cash is chosen by the manager who follows the method preferred by the owners of the majority of

shares under the one share/one vote rule.



If thefirm decidesto repurchase shares, it hasto announceit publicly and hasto place an order with adealer.?
The open market repurchase takes place between dates 1 and 2. My model of the open market repurchaseis an
adaptation to afinite number of rounds of Brennan and Thakor’s model.3 The market maker isrisk neutral; she
does not take a net position and simply crosses orders at the announced price. Once the repurchase program
is announced, investors follow their optimal information gathering strategy. The initial price depends only
on the available public information. After all feasible trades have been made at the current market price, the
market closes and the market maker quotes a new price which relkcts the expected value of the shares given
the information in the previous order Cow. | show that, informed investors tender their sharesif and only if the
guoted price exceeds the true value of the firm while uniformed never tender. Therefore, after two rounds the

behavior of the informed shareholders fully reveals the true value of the assets to the market maker.

| show that there exist equilibria where ex-ante identical firms choose different payout methods. The main
result of this paper isthat if agents disagree but not too much about the probability a distribution takes place,
adividend paying firm raises strictly more funds in the capital market (and produce more) than an otherwise
identical firm which conducts open market repurchases.

The intuition behind this result is as follows. Each would-be uninformed shareholder of a firm that
repurchases shares anticipates that with positive probability she will lose wealth at the hand of the informed
shareholders. Therefore, the stock of that firm has a lower expected value for the would-be uninformed
shareholders than the stock of an otherwise identical firm which pays dividends. However, the oppositeis true
for the would-be informed shareholders. Hence, the total effect on the demand for shares of the firm and the
shares price is not obvious. Since shares of the dividend paying firm do not suffer from adverse selection, |
show that the aggregate demand for shares of both firms coincides with the demand of a representative agent.
This agent holds all the stock of the dividend paying and the repurchasing firms but she believes the margina
variance of the firm which repurchase shares is greater than that of the dividend paying firm while the expected
rate of return of the former is smaller than the mean of the latter. The risk premium of the firm that repurchases
shares, therefore, must be higher. Thus, ceteris paribus, the shares of afirm expected to conduct an open market
repurchase must sell at alower price than those of afirm expected to pay dividends, which implies the dividend
paying firm raises more capital. An additional insight of this paper is that a manager who wants to maximize
the firm’s market share should pay dividends instead of repurchasing shares.

1.1 Related Literature

This paper is based on the theory proposed by Brennan and Thakor [3] to explain why shareholders are not

2

In the US this is regulated by Rule 10b-18 which requires that firms repurchasing shares on the open market should publicly
announce the repurchase program, only use one dealer on any single day, avoid trading on an up tick or during the last half-hour before
the closing of the market, and limit the daily volume of purchases to a specified amount.

3 The adaptation is needed because in their model the value of the assets has a uniform distribution while | assume that the return on
shares can only take two values.



indifferent between dividends and open market repurchases. Barclay and Smith [2] also argue those firms that
repurchase shares face a higher cost of capital. They suggest that open market repurchases in which managers
participate give them an opportunity to expropriate uninformed sharehol ders. When an open market repurchase
is announced, they argue, the specialist recognizes that more informed traders (the corporation’s managers)
enter the market. Therefore, he widens the bid-ask spread until he earns again a competitive rate of return
which causes the price at which he buys shares to fall. Anticipating this, the investors raise the required rate of
return for the shares of firms that are expected to repurchase shares. Thisimplies that the price of the shares of
afirm which conduct open market repurchasesis lower than the price of an otherwise identical firm which pays
dividends. In this respect, their conclusions about the effect of the payout method on the price of shares are the
same | obtain. However, their result is based on the assumption there is an agency problem while in this paper
| do not make that assumption. In addition, since Barclay and Smith do not model the firm’s decisions, they
cannot address how the investor’s expectation about the payout method affects the ability of the firm to raise
funds in the capital market neither they show that ex-ante identical firms can actually choose different payout

methods as | do.

In its focus on the preferences of the majority as a way to solve the conlict of interests associated to the
decision problem of the firm in incomplete markets, this paper is close to those by De Marzo [5] and Crés [4].
However, those papers focus only on the effect of the institution of majority voting on the choice of the firm’s
production plan while I make assumptions so that such conlict does not exists and study the consegquences of

the choice of different payout methods.

1.2 Overview

The structure of the paper is as follows. In section 2, | present the main features of the model and explain
how information unfolds over time. In section 3, | analyze the equilibrium of an economy where firms pay
dividends and provide conditions such that a unique equilibrium exists. Section 4 describes a version of
Brennan and Thakor’s model of an open market repurchase. | take both the cash distribution as well asthe size
distribution of shares as given and solve for the equilibrium strategies of informed and uninformed investors. |
also discuss the incentives to gather information of shareholders and derive the preferences over dividends and
open market repurchases of investors with different shareholdings. In section 5, | introduce the concept of a
Majority Equilibrium in which managers are restricted to choose the payout policy preferred by the majority
of shareholders. This section contains the main result of the paper: If agents disagree but not too much on the
probability a distribution takes place, a dividend paying firm raises more capital and has a larger market share
than an otherwise identical firm which repurchases shares. Section 6 concludes the paper. All other proofs are

gathered in the Appendix.



2. THE MODEL

In this section | describe the main features of the model. First | discuss the firm’s investment opportunities
and how information about the return of assets and the yield of the technology unfolds over time. Then, |

describe investors' preferences and beliefs. Finaly, | characterize the individual’s demand function for shares.

21 Firms

Consider an economy where there is one consumption good produced by two ex-ante identical firms.* Time
isindexed by t € {0, 1,2}. The state space of the economy isS = {1,2,..., S} and F is the partition which
consists of al the subsets of S. Thefunction P : F +— [0, 1] isaprobability measure and thetriple (S, F, P) is
the probability space of this economy.

The technology firm ¢ € {1,2} uses to produce its output can be described by two independent random
varigbles,d : S — {1,2} and 0; : S — {01,0m}

[ 1 withprob. ' | 0r withprob.
d(s) = { 2 withprob. 1 —¢ 0i (s) = { Oy withprob. 1 — 7

where 0 < 6 < 6Opy. It follows that 6; hasmean § = (1 —7) - (g —01) + 0 > 0 and variance
o> =m-(1—7)- (0 —01)° Inaddition, | assume #; and 6 are independent. Let y; ; denote the output of
firmi at datet. Then, y; : S x R4 — N2, with typical element (y; 1,v:2), is the output stream of firm i. If
firms investsy; o > 0 at date zero, the technology yields

(¢, 0i) -y ifd(s)=1
yi (s) =

(0,0; +¢) - yify ifd(s)=2

where o € (0,1]. Therefore, ¢ - Yio can be interpreted as a cash [ow that can arrive either at date 1 or 2 and

d (s) isthe cash Cow random arrival date which is common to all firms.

At date zero, each firm issues equity to finance production. The realization of d isreveaed to every agent at
date 1. Therefore, the knowledge of the agents at date 1 is represented by FU, the partition generated by d. The
realization of #; and 6, instead, becomes public information only at the beginning of period 2. Nonetheless, it
can be privately learned by any investor at date 1 at aphysical cost of f > 0. The knowledge of an investor who
acquires information at date 1 can be represented by the partition 7/ = F. Finally, at date 2, after the value
of 6; becomes public information, the firm is liquidated and output is distributed proportionally to the shares
owned by each shareholder at that moment. The only function the firm manager is to decide how to distribute

the firm’'s earnings at date 1 in the event the output is positive on that period.

4 Actually, | liketo think that there are two groups of firms and these two firms represent the average behavior of all other firmsin the
group. Most of the result in this paper apply to both interpretations. The interpretation of firms as representing the average behavior of
agroup isonly needed in section 5.2.



2.2 Financial Markets

There are markets for shares and bonds which open at date zero and achieve a perfectly competitive
equilibrium.> To simplify theanalysis, | do not allow agentsto sell sharesshort.® Letp; € R, andr; : S — R,
denote the price and the stochastic gross rate of return of firm ¢'s shares. Let ¢ be the price of a bond which

yields 1 unit of the consumption good at date 2.

2.3 Investors

Investors are born at date zero endowed with wealth wy. They know 7 but they disagree on the value of . |
assume that there exists two types of investors, afraction g (¢) = A € (0, 1) of them believez equalse € (0, 1)
while the fraction g () = 1 — X believez equalsz € (g,1). Let A = {g,g} denote the set of investors in
this economy. The knowledge of the investors at date zero is represented by Fy, the trivial partition. Let P. be
investor ¢'s date zero beliefs about the states of nature.

Investors consume only at date 2, do not discount future consumption and have preferences over wealth that

can be represented by a quadratic utility function

If investor ¢’s wedlth is represented by the random variable w : S —R., the expected utility of wealth of

investor £ with information partition 7’ is’

E. [u(w) |F] = B- [w |F'] = § - B [w?[| 7]

Then, the marginal utility of wealth is positive in every state s if and only if

w(s)<% VseS «y

Let wp, w (s) denote the aggregate wealth at date 0 and in state s at date 2, respectively. Since only wy is
available for investment at date zero, then the most that can be consumed at date 2 is2 - (0 +¢) - (%)“. In
addition, the wealth of each individual at date 2 cannot exceed m (0 + )+ (%) because individual
wealth is non-negative. The following assumption, therefore, ensures that for each individual the margina
utility of wealth is positive in every state of nature.

, a 1
Assumption NS: s - (0 +¢) - (%) < 5

Let z; € R be the shares of firm ¢ the investor purchases at date zero and let = = (x1, z2), p = (p1,p2),

5 At date zero, there are no information asymmetries so it seems reasonable to assume that trading would yield a competitive equilib-
rium outcome.

5 The assumption that investors cannot sell shares short simplifies the analysis because it keeps the rel ationship one share/one vote.

T For any random varigble ¢ : S — R, E. (€|F) and var. (£|F') denotes investor £’s perception of its mean and variance,
respectively, given information 7. E. (¢ |Fo) and vare (€ |Fo ) are denoted E. (£) and var. (£), respectively.



and r = (r1,72) be her portfolio, the prices of shares and the rates of return of the shares, respectively. Then,
theinvestor’'swealth in state s is

w7 g ) ()= (n () =5 ) ot (o) = %) a4

The preferences of investors over random wealth naturally induce preferences over portfolios. Investor €’s

utility of holding portfolio (x1, x2) at date zero is:
E:[u(w (r1,72,p,4,2)) [|Fo] = Ex [w (-, 2) | Fo] (1 = § = [w (-, 2) | Fol) — § - vare [w (-, ) || Fo]

which depends only on the mean and the variance of the investor’'s wealth.

In order to explain the portfolio choice of the investor, | define the set of no arbitrage prices. In this paper,
the following conditions are always met:
- Janagente € Asuchthat P, [(0r +c¢)-p <7i(s) < (0g+c) -pi,Vi=1,2]=1 2

- Foreveryagente € A, P [r;(s) = (0L +c¢)-pi',Vi=1,2] >0 (3)

If the agent who meets condition (2) is not satiated, the absence of arbitrage opportunities implies that

l—a

Op+c<Pi_ copte i=12 (4)
q

Define the set

U = {(p1,p2.9) € R2 : p1+ p2 = wo and (4) holds} .
Let (p,q) € V. Investor £’'s decision problem is

maXEg [U (w (T17T27pa Q7$)) H:'to]

s.t.w(ry,re,p.q,x)(s) >0,Vs €S

Letz (r,p,q,2) € R2 bethe solution to this problem.

3. DIVIDEND EQUILIBRIUM

In this section | assume that if a firm needs to distribute cash at date 1, then it does it in the form of a
dividend. Therefore, shareholders have no in[luence on the choice of the payout method. First, | describe the
rate of return of the firm’s shares and find the aggregate demand for shares. | define adividend equilibrium and

provide a necessary and sufficient condition for the existence of a unique equilibrium.



Total output of firm 4 depends on the capital it raises at date zero. Since the firm is equity financed, then its

financial capital at date zero isp; and its output stream is

(c,0r) - pst with prob. € - 7
) (e, 0m) - pf withprob. - (1 — )
Yit =N (0,6, 4c)-p*  withprob. (1—2) 7
(0,0 +c¢)-p$ withprob. (1 -%2)-(1—mn)

At date 1, investors have access to an investment opportunity which is not available to the firms. For
simplicity, | suppose that investors have a storage technology that transfers one unit of the consumption good
from one period to the next.8 If the project yields positive output at date 1, therefore, all shareholders agree on
the need to distributeit. Hence, firmi’srate of return per shareisr? = (0; + ¢)-p and E.. (rP) = (6 +¢) -p¢

isthe samefor every investor € € A.

The aggregate demand for shares and bondsis

XP (rP.pq) = Xai(rPpge) + (L= Nz (r,p,q.) =z (rP,p,q,€)

B(p,q) = =2 XP(rP 7p7‘(11)*p2'X£ (r”.p.q)

Definition 3.1 A Dividend Equilibrium (DE) isa (p1,p2, q) € R} suchthat XP (r”,p,q) = 1fori =1,2
and B (p, q) = 0.

In a DFE investors take asset prices as given, no short-selling is allowed, firms distribute cash by means
of dividends and markets clear. Since agents consume only at date 2, they fully invest their wealth at date 0.
Because bonds are in zero net supply, the market value of the firms equals the initial wealth. Moreover, since

firms are ex-ante identical and follow the same payout policy, their shares sell at the same price.

Proposition 3.1 Ifa DE exists, p1 = p2 = 5.

After some algebra, one can show that the market for bonds clearsif and only if ¢ equals

L ()T (Gye
. ()= 0x) o

(%) B '(5%)[;( ) "“_(§+c)]—az/2

Swq

which implies that there can be at most one DE. It follows that a necessary and sufficient condition for the

existence of a DE isthat the left hand side of (5) is positive, which is aways true under assumption NS.

Proposition 3.2  If assumption NSholds, (%, %, ¢*) isthe unique DE. Moreover, (42,4, ¢*) € 0.

In the unique DE the investors marginal rates of substitution between mean and variance of weath are
equalized. Moreover, since every investor buys the same portfolio, has the same preferences and is endowed

with the sameinitial wealth, one concludes that in a DE markets are effectively complete.

8 What isreally needed is some reason so that investors unanimously prefer the firm to distribute its earnings at date 1.



4. A MODEL OF ENDOGENOUS PAYOUT METHODS

Inthis section | take the cash payment and the size distribution of shares as given and consider the problem of
afirm that must choose to distribute cash either by means of an open market repurchase (OM R) or dividends.
First | describe the process of an open market repurchase. Then, | show that under some weak assumptions,
uninformed sharehol ders never tender and the informed ones tender all sharesif and only if the price is above
the true value of the firm. | analyze the incentives of shareholders to acquire information and derive their
preferences between OMR and dividend payments before they collect information. Finally | obtain the date

zero demand for shares.

4.1 Themodéd of an open market repurchase

Let (p1,p2,q) € ¥ bethe price of assets at date zero. Let S; = {s : d(s) = 1} denote the event in which
a cash distribution takes place at date 1. Let 7 # @ be the set of firms which choose to repurchase shares.
On &1, company ¢ € J has some cash, c - p$, it will distribute by means of an open market repurchase;
furthermore those agents who decided to become informed about (61, 62) have aready gathered information
and sunk the cost f. Let w; € [0, 1] denote the fraction of sharesin hand of firm i’s uninformed investors and

let w = (w1, wa2).

Since open market repurchase programs often extend over several months, it may be difficult for investors
to determine whether repurchases are actually taking place on any given day. Following Brennan and Thakor,
in order to relkect in a simple manner the assumption that the share price is not fully revealing of the private
information held by the informed investors, | assume that between dates 1 and 2 the market maker opens twice.
At each round of transactions, n € {1, 2}, the market maker announces a price p}*. Therefore, in round » the
fraction 3;' of its outstanding shares that the firm wants to repurchase setisfies 3’ - pI! = c - p$*. Investors place
orders with the market maker to trade at the announced price.® The repurchase program ends as soon as the
offer is fully subscribed. The market maker isrisk neutral; she does not take a net position and simply crosses
orders at the announced price. If there is an order imbalance, the market maker randomly rations the long side
of the market. The initial price depends only on the public information available. Therefore, the first price
announced by the market maker is p} = E[r; ||S1] = (6 4 ¢) - p¢*. After al feasible trades have been made
at the current market price, the market closes and the market maker then quotes a new price which relJects the

expected value of the shares given the information in the previous order Cow.

The payoff each investor obtains when an open market repurchase is conducted depends not only on her
decision about tendering or not her sharesin agiven round but also on the decision taken by every other investor

in that round. Thisis because the extent to which her market order will be fulfilled depends on whether the sum

9 Asin Brennan and Thakor’s mode, if the cash distribution is not too large with respect to the liquidation value of the firm, then the

informed sharehol ders have enough shares to fully subscribe the offer.



of all orders exceeds or not the offer 5;'. For example, if every investor tenders her shares in a given round,
then the market maker rations the supply side and purchases only afraction ;' of the shares tendered by each
investor. Likewise, if 1 —w; > i and every informed shareholders tender their shares, the market maker only
buys afraction f—w of each order at the quoted price. Therefore, thereis strategic interaction and the optimal

decision for each investor depends on her conjectures about the decision of the remaining shareholders.

4.2 Timeine of events

In thismodel, acash distribution is needed at date 1 with probability €, independently of the mode of payout

the firm chooses. In figure 1, | describe the time of events for afirm that distributes cash through an OMR.

t=0 t=1 t=2
A A A
The firm is liquidated
Each shareholder gets
(6,+ C)p% per share
/
/1, & . :
H / : No output from 1 0 isrevealed
v . the projectat t=1 :
L/ :

The firm is liquidated

. ! No distribution
) . takes place
P\ a :
P\ € :
| | : ) Each shareholder gets

l ! l ! l l l‘ig? per share

Investors buy The project First round If first round 0,is revealed
shares of the firm yields output of the OMR fails, second
c p‘?‘ takes place round takes

place
The firm

announces
the OMR.

Figure 1. Timelinefor afirm that repurchases shares.

At date zero, investors buy shares of the firm without knowing whether a distribution will take place at date
1 or not. On the event that no distribution takes place at date 1, at date 2, after 8, ispublicly revealed, thefirmis
liquidated and each shareholder ispaid (8; + ¢) - p§* per share. These events are represented in the upper branch
of the tree of events described in Figure 1. In the lower branch of that tree, which occurs with probability €, the
project yields output ¢ - p$* at date 1. The firm announces the OMR and submits an order to the market maker
to buy % shares at the current price p}. Thefirst round takes place. If the offer is fully subscribed, then no

second round takes place. Otherwise, the second round does take place. At date 2, after 6; isrevealed, the firm

is liquidated and each shareholder who did not tender her shares receives iga per share, where n* denotes

the round in which the offer was subscribed.

Thetimeline for adividend paying firm only differsfrom that in Figure 1 in the lower branch, when the firm

needs to distribute cash, because each shareholder receives c - p§* per share at date 1.

10



4.3 Ratesof Return

In this section, | abtain the return of the shares belonging to firms that employ different payout methods.
Since agents have different information, they perceived the rate of return of agiven firm's shares differently and

s0 | consider the rate of return for both the informed as well as the uninformed ones.

Suppose the distribution of shares is exogenously given and assume that 1 — w; > %.10 In each round of
the OMR, the uninformed investor can choose the fraction of her shares she wants to tender. Since her actions
cannot be contingent on the informed investors' actions, the uninformed investor strategy depends only on the
round of the open market repurchase and the price quoted by the market maker in that round. Consider the

following strategies for the informed and the uninformed shareholders:

3! : Tender all shares of firmi € 7 if and only if the quoted price is greater or equal to the true value of the
firm. Do not tender any share otherwise.

7Y : Do not tender any share of firmi € 7.
If 3V and 5’ are the strategies of the uninformed and the informed, then

1. On{s: 0; (s) = 0} N Sy, therepurchase endsin the first round and the repurchase priceis (6 + ¢) - p?.
2.0n{s :0;(s) = 0} NS, therepurchase endsin the second round and the repurchase priceis (6 + ¢) - pS.

3. Therate of return per share of firm i for an informed shareholder who follows strategy 7 is

r{ (wi) (s) = [Hi (s) + CZ-I (w;) (s)] Dy wherec{ (w;) (s) = e (1 to 'T> if (0 (S) d(s) = (0, 1)
c otherwise

where T = <1 — %L) istheimplicit tax rate per share the uninformed shareholder facesin an OMR if she does

not tender her shares. It followsthat E. (/) = (6 +¢) + 7 -¢-7-¢- 12 and var. (r]) decreaseswith w;.

4. Therate of return per share of firm ¢ for an uninformed shareholder who follows strategy 77 is

r (s) = [0:(s) +¢f (s)] -pf  wherecy (s) = { z e g){hgz}\/(ii’d(S)) ~ e

and, therefore, her expected rate of return conditional on Sy is E. (r¥ ||S1) (s) = [0 +c— -7 -] - p.

(2

Lemma4.l Let(p,q) € . If every uninformed investor follows 7Y and every informed investor follows47,
thereis ¢ (p, ¢) such that for all 0 < & < 6 (p, ¢) no investor wants to deviate unilaterally from (&IﬁU).

In what follows, therefore, for each k € {1, U} the vector of rates of returnis

(rf,r5) if 7 ={1,2}
b= (k) 7= ()
(rP,rP) it7 =0

Below | provide sufficient conditions so that thisinequality isimplied by market clearing at date zero.

10
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4.4 Endogenous Information Acquisition

To this point, | have taken as exogenous the relative proportions of informed and uninformed investorsin
the shareholders assembly. Now, | consider which shareholders choose to pay the fixed cost f > 0 of observing
(01, 02) after the firms announce a repurchase. | characterize the information decision of each investor as a

function of her shareholdings.

Consider an investor who holds portfolio = € %2 and believesw € [0, 1] x [0, 1] isthe fraction of sharesin
hands of the uninformed sharehol ders when the announced payout policy is 7 € P = {{1},{2},{1,2}}. The

value of information for that investor, conditional on the event arepurchase is announced by firmsin 7, is

Ay (w,p,q,x) = E; (u [w (r‘lj (w),p,q, m)] |Sl) — FE, (u [w (r%,p, q,;v)] |Sl)

and he chooses to acquire information if and only if A 7 (w,p,q,z) > f.

Asone could expect, the value of information increases with the fraction of sharesin hand of the uninformed

and with the number of firms which announce a share repurchase.

Lemma4.2 Supposed < 0 (p,q) and J' € P. Thefunction A 7 (w, p, ¢, z) has the following properties:

i. Itisan increasing function of w; for everyi € 7.
ingJcJ = A7 (w,pqz)<A7 (w,p,qz)foralwel01).

For fixed distribution of shares [z (¢) , = (€)], the fraction owned by investors who remain uninformed when

firmsin J € P repurchase shares, w 7, isimplicitly defined by the following system of equations

wr= Y @)

eAg(w, paw(e)<f

Let Q = {wz} ;p bethe collection of expectations about the fraction of shares owned by the uninformed.

45 Preferencesfor Dividendsand OMR

Shareholders express their preferences over payout methods before the information about (61,62) is
collected. To determine each shareholder’s preferred mode of cash distribution, therefore, it is necessary to

calculate, for each investor, the unconditional expected utility under dividends and open market repurchases.

For 7 € P U @, define,

Vi (w,p,q,x) = maX{E7r (u [w (7"{7 (w),p, q,x)] HSl) — [, Ex; (u [w (rg,p, q, m)] ||Sl)}

Clearly, V7 (w,p, q,z) is the expected utility of an investor who holds portfolio = and optimally decides

whether to acquire information or not, under the expectation that w will be the fraction of sharesin hands of the

12



uninformed shareholders. Let

AVJ’J (Qapa Q7$) = VJ’ [wj’apa Q7l‘:| - VJ [wj7pa Q7x]

be investor ¢'s expected utility gain if the firms' payout policy changes from 7 to 7/ € P U @. If investor ¢
holds portfolio x, then she prefers 7 over 7/, conditional on Sy, if and only if AV 7 (2, p,q,2z) < 0.

If the underlying size distribution of sharesis [z (¢) , = (£)], one says that the mgjority of shareholders of
firm ¢ prefers 7 over 7' if and only if

N —

S 9@ me) >

e: AV 7 (Q,p,q,2(g))<0
Suppose the majority of shareholders of firm i prefers 7 over 7'. If i € 7 and J' = 7\ {i}, then the majority
prefers firm 4 to repurchase shares. Likewise, if i ¢ J and 7' = J U {i}, the maority prefers firm i to pay
dividends. Therefore, given prices (p,q) € ¥, 6 < § (p,q) and afixed set 7 € P U @, there exists a unique
payout method which is preferred by the majority of shareholders of each firm.

4.6 TheDistribution of Shares

At date zero, investors decide their shareholdings under the expectation that firm : € 7 would repurchase

shares in the event a repurchase takes place and firm j ¢ 7 pays dividends.

Suppose investor ¢ expects at date zero that firmsin 7 € P will repurchase shares and that w will be the

fraction of shares of each firm owned by the would-be uninformed investors. Define

xlj (w,p,q,8) = argr;gang (u [w (ré,p, q,x)]) s.t.w (ré,p, q,a:) (s) >0fordlseS
xe i

a:g (p,q,e) = argr;gaer (u [w (r%,p, q,x)]) s.t.w (rg,p, q,a:) (s) >0fordlseS
zeR?

a:fj (w,p,q,¢) and xff, (p, q, €) are the portfolios chosen by an investor who at date zero anticipates that in
the event arepurchase takes place at date 1 she will acquire information and remain uninformed, respectively.!*
Since investor e maximizes expected utility, then her optimal portfolio at date zero is
{ e (w,p,q,6) B (ulw(ry,p,q,2%)]) —e- f> Ee (uw (G, p,q,25)])

r7 (w,p,q,€) =
27 (p,q,¢) otherwise

The reader may conjecture that whenever ¢ anticipates that she will become informed in the event a
repurchase takes place,  also doesit. Thisis not aways true, however, because the date zero expected cost of

information increases with .12
11

Asin Brennan and Thakor, | implicitly assume that agents do not alter their date 0 shareholdings unless a stock repurchase causes
them to.

P T, T _ U U
12 This conjecture would be correct, for example, if B(ufo(rypacy)|is1)—B(ufo(rg pacy)]I51) wereincreasingine.

€
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5. MAJORITY EQUILIBRIUM

In this section | address how the investors date zero expectation about the firm’s payout method affects
the ability of the company to raise capital in the stock market. This point is not addressed by Brennan and
Thakor because they assume the size distribution of shares is exogenous and, therefore, they did not solve for

the equilibrium in the capital market.

Since firms are equity financed, the capital each firm is able to raise depends only on the market value of the
firm, i.e. the price of its shares at date zero. The market value of the firm, however, depends on the investors
expectation about the payout method that would be preferred by the majority of shareholders. In equilibrium the
asset market clears, firms use the method of cash disbursement most preferred by the majority of shareholders,
investors demand shares in order to maximize their expected utility given their expectation about the choice of

payout method and expectations are correct.

Fix adistribution of shares [z (¢) , z (€)]. The demand for firm ¢’s shares and bonds are

X, = >\~£L’i(§)+(1—>\)'l’i(g) fori=1,2

B = Wo—pP1- X1 —p2-Xo
- q

Definition 5.1 A Majority Equilibrium (ME) is a collection {7J,Q,z, (p1,p2,q)} consisting of a set
J € P U@ of distribution policies, a distribution of shares [z (¢),z (2)] € R4, expectations 2 and prices
(p17p27q) € ¥ such that

B INFORMED AND UNINFORMED FOLLOW <$Uﬁ]> IN AN OMR
EL1d(p,q) >dandl —wpy g7 > £ Vhe {1,2}and J' € P.
B PORTFOLIO IS OPTIMAL GIVEN EXPECTATIONS
E2z(e) =27 (wr,p,q,¢) for everye € [, ]
B MARKETS CLEAR
E3 X;=1,¥i=1,2.
E4. B=0.

B EXPECTATIONS ARE CORRECT

E5 wy = > ge)-xz(e) VI eP.
e: Az (wgr,p,q,x(€))<f

B THE PAYOUT PoOLICY IS PREFERRED BY THE SHAREHOLDER'S MAJORITY

) / J\{i} ifieJ
E.6. V 1,2}, -2 Ly — . 1
i€{1,2} EZAVJ/J(S%ﬂw(E)KOg(e) x; (e) > 1 for { TG itig T

Condition E.1 saysthat in aMajority Equilibrium uninformed and informed shareholders would optimally
follow strategies7Y and4?, respectively, in the event some firm repurchases shares. E.2 statesthat the portfolio

14



of each agent maximizes her expected utility given her expectation about the distribution policies and the
fraction of shares in hand of the uninformed shareholders of each firm. E.3 and E.4 are the market clearing
conditions, while E£.5 saysthat investors at date zero have correct expectations about the fraction of shares that
would be in hand of the uninformed in the event a firm decides to repurchase at date 1. Finaly, E.6 requires

that each firm’s payout policy is prefered by the mgority of its shareholders at date 1.

The assumption that conjectures are correct does not rule out the possibility that ex-ante identical firms
choose different payout methods in equilibrium.® Therefore, this model is appropriate to address how, ceteris

paribus, the choice of payout method affects the firm’s ability to raise capital in the financial market.

InaMgjority Equilibrium firms are partitioned in two sets. Firmsin set 7 choose to conduct an open market
repurchase in the event they need to distribute cash. Firms which are not in 7, choose to pay dividends in the
event a payout is needed. If the set 7 is empty, then dl firms use dividends while if 7 = {1,2} every firm
distributes cash by mean of sharesrepurchases. If 7 ¢ {0, {1,2}}, then ex-anteidentical firms choose different
payout methods. Since firms are ex-ante identical, it seems reasonable to define a symmetric M E asonein

which every firm chooses the same payout policy.

Definition 52 AME {J,Q,x, (p1,p2,q)} issymmetricif 7 =0 or 7 = {1,2}.

Now, | begin the analysis of the ME. The first proposition shows that under assumption NS no agent
can be satiated in a ME because market clearing implies that individua wealth must be bounded above by

sy (O + o) - ()"

Proposition 5.1 Suppose {7, Q, z, (p1,p2,q)} isa M E. If NSholdsand w; 7 < 1 for somefirmi = 1,2,
condition (1) holdsin every state s € S and for every agent ¢ € A.

The following Proposition argues that share prices must add up to total initial wealth and that in any
symmetric equilibria the value of the firms must be identical. It isimportant to notice, however, that it leaves

open the possibility that firmsthat choose different payout policies have different market value.

Proposition 5.2 If a M E exists, p1 + p2 = wyp. If the M E is symmetric, then p; = p; = 4.
51 Symmetric Equilibrium

In a symmetric equilibrium every firm raises the same amount of financial capital at date zero. Thisis
because investors do not consume at date zero and, therefore, they fully invest their wealth independently of the
firms' payout policy. However, the equilibrium price of bonds does depend on the payout policy of the firms.
From the definition of a M E, it is straightforward to show that if {7, Q, x, (p1,p2,q)} isa M E in which every
firm pays dividends, then (p1, p2, ¢) isalso a DE and, therefore ¢ = ¢*. Since every symmetric M E in which

13| like to think about the case in which ex-ante identical firms choose different payout methods, as away of modelling that managers

may have different objectives. One may think that all managersfind it worthwhile to do what the majority of shareholders prefer (perhaps
to avoid being fired) but given that, some may prefer to pay dividends and others may prefer to conduct open market repurchases.
Announcing their preferred payout method, managers can coordinate investors' expectations.
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firms pay dividends induces a DF, a natural question is when a DF fails to be associated with a M E. To
answer this question first notice that in a M E' in which both firms pay dividends, every investor buys one share
of each firm. Then, in the event an open market repurchase takes place, they all want to be on the same side
of the market: either all of them want to acquire information or to remain uninformed. Since informational
rents become infinitely large as everybody remains uninformed, it cannot be the case that everybody stays
uninformed. It follows that the necessary and sufficient conditions for the existence of a M E in which every
firm pays dividends are F.1 and

Apy (0,%,% ¢*,1) > f  forsomei=1,2 ©)

where 0 = (0, 0). Condition (6) requires that every shareholder would acquire information in the case an open
market repurchase takes place.
Proposition 5.3 Suppose NSholds. A M E with 7 = ) existsiff § (%, %2, ¢*) > ¢ and (6) holds.

Proposition 5.3, completely characterizes a ME where every firm pays dividends. Consider now the case in
which every firm repurchases shares. If wy = g (V) - 2% (%, %, ¢, V) for someeV € A, market clearing
holdsiff ¢ solves

g (") 2y (8% 0.") + (1-g (") wls (wa. B B geT) =1 @)

Let g (¢V,e!) bethe solution to equation (7).24

Proposition 5.4 A ME with 7 = {1,2} existsif and only if

RIT (3, 5.0(.eT) >0

R.20<wj/:g(a )2y (%, %, q(eV,el) ,eV) < (3, 3) forevery 7' € P15
)

q
R3 Ay (OJj, uéo,uéo,q( U,€ ,$j(,€ )) <f <A{}(W{z},%o,%,q(a?lj,&]),xj (-,61)) for some .

Condition R.2 saysthat in a M E in which both firms repurchase shares, some investors remain uninformed
in the event a repurchase takes place. Those investors, however, do not hold a mgjority of sharesin any firm.
Therefore, as expressed by condition R.3, the cost of acquiring information must be high enough to discourage
some shareholders to purchase information but not too high so that the rest still purchase information even if

one firm deviates and pays dividends.

Ina ME with 7 = {1, 2}, investors differ in their decision about purchasing information in the event a

payout takes place. As a consequence, there is a wedge between the rate of return per share of the optimistic

(%)
§+c

14

Since the left hand side equals zero at g = and is strictly increasing in ¢, a solution to the equation above exists iff

lim g () .mgj (%, %2,q,¢ )+ (1—g () xfj (wog, %2, %2, q,e") > 1.

wo \1—a

q—

Or,+c

15 For any vectorsz, y € R2, x > y meansthat «; > y; for every i = 1, 2.
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and the pessimistic investors, which causes that their marginal utility of wealth must differ in some state s at
date 2. Therefore, markets are effectively incomplete. The following Lemma shows a stronger result: agents
disagree on the price of risk. For k € {I,U}, let w% = w (r%,p, ¢, %) be the wealth of an agent who holds
portfolio =¥ and faces rates of return 7% .
Lemma5.l If {7,Q,z,(p1,p2,q)} isa ME with 7 = {1,2}, then MRS [E.v (w]) ,var.w (wY)] <
MRS [Esz (wé) , VAT 1 (wé)] .

In the equilibria analyzed so far, the shares of both firms trade at the same price. However, this need not be
the case if firms choose different payout methods. In the next section, | characterize the equilibrium price of

shares of firms which are expected to choose different payout policies.

5.2 Asymmetric Equilibrium

If {(p1,p2,q),T,ws}isanasymmetric M E, then Proposition 5.2 impliesthat p; + p2 = wy. The question
| analyze in this section is which payout method raises more capital in the financial market. | show that in any
asymmetric equilibrium, the firm expected to pay dividends raises more capital than an otherwiseidentical firm

expected to repurchase shares.

To fix ideas, suppose firm j pays dividends and firm ¢ repurchases shares. For any k& € {I, U}, the wealth

¢ J q

n= % Therefore, the mean and variance of wesalth associated with portfolio (z1, z2) is

Be(ut) = o (B (F)-2)+0-n- (B () )| 0omrn o+ 2

D

var (w@) = {772 - vare %) + (1 =n)*-var. (%)} (pi - i+ pj - xj)?

of an investor who purchases (z1, z2) sharesisw (%, p,q, ) = z; - (r’? — %) + ;- (rD — &> + 2 Let

If the investor is not satiated, as it is the case in any ME under assumption NS, the expression above implies
that she alocates a positive fraction of wealth to the shares of both firms only if

E. <;—> < E. <%> = var, <;—k> < vare <%) fork e {U,I} (8)
E. (%JZ) < E. (g) = vare (%JZ) < vare (g—) fork e {U, I} 9

Whena =1, =+ and i arelndependent of (p;, p;). For thewould-be uninformed investor, the rate of return
of firm s haslower mean and higher variance than the rate of return of firm j, i.e. E. (;—U> < FE; < > and
Vare (%) < vare <;—k> for any ¢ € A. Hence, condition (8) is violated. Because of this, in this section, |
consider only the casesin which o € (0,1). It isimportant to observe that when o € (0, 1), in principle, one
can always find prices (p1, p2) such that conditions (8) and (9) hold. Therefore, to address the question posed

above, one has to use some equilibrium conditions. | turn to that problem now.
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First, | argue that in any asymmetric equilibrium some shareholders remain uninformed while some others
acquire information in the event a repurchase takes place. The explanation is as follows. If only firm
i repurchased shares, then an open market repurchase in which everybody obtains information would be
equivalent to a dividend payment. It follows that every shareholder would prefer firm 4 to pay dividends to
avoid paying the fixed cost of acquiring information. Therefore, if the majority of shareholders of firm i prefers
an open market repurchase, it must be the case they anticipate that some shareholders will remain uninformed.
That is, w; 77 > 0. Because information rents are infinitely large when everybody else remains uninformed
and the cost of acquiring information is finite, it must be the case that some investors do obtain information
when firm i announces arepurchase. Thatiswy = g (V) 27 (wy,p, ¢,€¥) for somee? € {g,z} asstated in
A.1 below. Since the returns of firms are independent and agents are nonsatiated, it follows that both investors
hold a positive fraction of each firm. Thisis condition A.2. Condition A.3 follows because, on the one hand,
the majority in firm 4 prefers repurchases and, on the other hand, the informed investors' ownership of the
dividend paying firm is bounded away from zero. Finally, since the incentives to gather information in the
event the two firms conduct an OMR are larger than when only one does it, agents conjecture that at most
9(eY) 27 (wg,p,q,e”) shareswould bein hands of the uninformed if both firms were to repurchase shares.

Thisisthe content of condition A.1.

Proposition 5.5 If {7,Q, z, (p1,p2,q)} isa ME with 7 = {i}, then
Alwy <wg=g (5U) xg (p,q,sU) for 7' = {1,2}.

A2wp g€ (0,1)for h=1,2.

A3 wi g < %

Since the optimal portfolio of investor ¢ isinterior, it equalizesthe price of risk of each asset to her marginal

rate of substitution between mean and variance of wealth. That is,

B (%) _ Brp-%) 5
x; j(P ¢,e0)var_u (r?) oY, (p.g.eV)var(rP) — 1-6E.y [wﬁfj(qé‘”)(T?—%)+$§fj(-,6U)-(Tf’—%i>+%]
2 el I ) M ;
wlaWrpgevara (D) af g pae)var(rP) T 1=6-B,r [al 5 (et (rf =2 ) a] (et (rP- 1) 2]

The following Lemma shows that in any asymmetric M E agents disagree on the price of risk. Thus, markets
are effectively incomplete.

Lemmab52 If {7J,Q,x,(p1,p2,q9)} isa ME with 7 = {i}, then MRS[ U (wj) varey (w%)] <
MRS [Esz (w‘Ij) , VAT 1 ( j)] andw; 7 < wj 7.

The main question | want to address in this section is whether a firm that repurchases shares can raise
more financial capital than an otherwise identical firm that pays dividends. That is, can it exist a M E such
that p; > p;? | argue that this can never happen provided agents do not disagree much about the likelihood
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a distribution takes place at date 1. Since the shares of the dividend paying firm do not suffer from adverse
selection, investors agree on the Sharpe ratio of firm j. That is,

Bev (TlU - %) oy (wgpge?) E (TJD — %)
varee (rf') a7 (wg,p g, €Y) var (rf)
Eer (T’! — %> vjg wrpge) F (er - %)

varer (rf) @ 7 (w7, pq,€7) var (ij>

Manipulating these conditions one obtains that

wj7 - Bev <TZU—%) +(1—wjyg)- B <7’i]—%> B E(er—%)

Wi, g - Vareu (TzU) + (1 —wig) -vare (7}1) B var <TJD>

(10)

That is, (p1,p2,q) is a DE in a representative agent economy where agent ¢ holds al the stock of both
companies, she has correct beliefs about firm j’srate of return but she believes firm i offers an expected return
per share of w; 7+ E.v (1Y) + (1 — wj 7) - Eer (r]) and variance per share of w; 7 - var.v (r¥) + (1 — w; 7) -

var: (rl).

To see the intuition behind the result that p; < p;, it isuseful to rewrite (10) as

l—a l1—a

(B+0)+ewg) - 2 L G-l
Wi, g - vareu (%) + (1 — Wi,j) - VaTer (;—i) p? o? p?
where
W
G(WJ)E<—w]‘7j'€U+(1—w]‘7j)‘ﬁ‘€I>'7T'T'C (12)
/L7

is the weighted difference between the subjective expected gain and loss per capita of the informed and the
uninformed when an OMR takes place.’® Hence, to argue that it cannot be the case that p; > p;, it sufficesto
show that the following two conditions hold

U

I
Wi, J - Vareu <%> + (1 —wig) - varer <%> > o? (12)
b b

) )

e(lwr) <0 (13)

Consider first thecaseinwhich eV = ¢! = ¢, Sincewi,J-%Jr(l —wi,j)-;—i =0;+cforanyw; 7 € (0,1)

16 The agent who anticipates she will remain uninformed in the event an OM R takes place, expects aloss per shareof ¢’ - 7 - 7 - ¢,

compared to the case in which firm ¢ distributes cash by means of dividends. However, the shareholder who anticipates she will become
informed expects again per shareof ¢” - - 7 - ¢ - —=Z = The expected net transfer under the true probability distribution, therefore,

1—w;,
is zero. Expression (11) differs from the true expected net transfer in two aspects. On the one hand, it underestimates the true expected
net transfer because w;, 77 > w;,77. On the other hand, it uses the agents's beliefs about the occurrence of an OMR.
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and variance is a strictly convex function,

U I U I
Wi, g - vare (;—‘a) + (1 — w4 g) - vare (;—g) > vare ((Ui’j . ;—; + (1 —wiyg)- 1%)
= wvar (0; +¢) = o?

Rearranging termsin expression (11), it is straightforward to see that

1—w; wj
e(wy) = St [ A IV ~wjj~6l~7r-T-c<0
l-wig wjg ’

since Lemma 5.2 implies that ==22-7 . ¥27 — 1. Hence, both (12) and (13) holds for ¢V = &/ = ¢ and,

l-wig  wjg

therefore, p; < p;. A continuity argument shows that these conditions also hold for £V closeto <.

Proposition 5.6 Suppose {7, Q, x, (p1,p2,q)} isa ME with 7 = {i}. Thereexists k € (0, 1) sucht that
eV /el > rimpliesthat p; < % < p;. Inparticular, it holdswhenever eV =z and e’ =¢.

Proposition 5.6 shows that if investors do not disagree much about the probability that a distribution takes
place, afirm that pays dividends raises more capital in the financial market than an otherwise identical firm
which repurchases shares. Therefore, the market share of the dividend paying firm exceeds, ceteris paribus,
that of afirm which conducts open market repurchases. One concludes that financial markets favor firms which

choose to payout through dividends.

6. CONCLUSIONS

The choice of method to use to distribute cash to the firm’'s shareholders is one of the fundamental
decisions that managers take. As Brennan and Thakor show, that choice is not a matter of indifference for the
shareholders. Therefore, it is important to asses the effect that the expectation about the payout method has
on asset prices as well as the output decisions of the firm. | show that a firm expected to payout dividends
faces a lower cost of capital and raises more funds than an otherwise identical firm expected to repurchases
shares. In addition, ex-ante identical firms can choose different payout methods. Therefore, this model allows
for the managersto differ in their objectives without entering into conlict with the preferences of the majority
of shareholders. A manager whose abjectives dictate that she should maximize the market share of the firm
choosesto pay dividends, while a manager who wants to favor the would-be informed sharehol ders may choose
to repurchase shares. Therefore, this model gives some intuition on how the market selects among managers

that have objectives which do not enter into conlict with the interests of the shareholders' majority.
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APPENDI X

The following Proposition shows that the absence of arbitrage opportunities together with the requirement

that the value of assets add up to initial wealth imply that asset prices are uniformly bounded.

Proposition 6.1 If (p1,p2,q) € ¥, there exists [,/ and v such that 0 < [ < p;,¢ < u < oo and
pi— (O +c) pf-q>L

Proof of Proposition 6.1: Suppose (p1, ps, q) € R3 satisfies (4) and p; + p2 = wy. Since pgq—a >0 +c

thereexists! > 0 suchthat p; — (01, + ¢)-p$*-q > L. Clearly p; < wp fori = 1,2. Sincefr+c < piqa,itfollcws

we ™
9L+C -

for g. Then, thereexists {p™, ¢™} € ¥ suchthat ¢"* — 0. Since(—p%ﬁ < 0y + ¢, itfollowsthat pi* — 0 and

that ¢ < If one definesu = max{wo, %} then p;, ¢ < u < 4o0. Suppose there is no lower bound

Py — wo. But then, ng’q)ﬁ — 00, acontradiction. It follows that there exists I’ > 0 such that I’ < ¢. Since,
;a, it followsthat p; > [(01, + ¢) - l’]ﬁ > 0. If onedefinesi = min{l’, [(0r +c)- l’]ﬁ}, then
pi,q>1>0,asdesired.

1
O +c< b

It should be easy to see that whenever (p, q) € ¥, to require wealth to be nonnegative in every state, i.e.
w(r1,7m2,p,q,x) (s) > 0foral s € S, impliesthat x € B where

Bz{xe%i:xig%,wzlﬂ}

is a compact set. Thus, for each price vector in ¥ the set of portfolios such that the agent’s wealth is non-

o . 5
negative in every state is a compact set of 7 .

Lemma6.l Suppose (p,q) € ¥, r; : SxR,—R, is homogeneous of degree « in p;, x; (r,p,q,¢) > 0 for

someasseti € {1,2}and1—0- E. [w (r1,7r2,p,¢, 2 (-))] > 0. If —Ep(r) = —LE;(;) and var, (;—) = vare <£J;7>

thenz; (r,p,q,¢) > x; (r,p, q,¢) ifand only if p; < p;.

Proof of Lemma 6.1: Suppose (p,q) € ¥, r; : SxRi—R; is homogeneous of degree « in p;,

zi (r,p,q,€) > 0forsomeasset: € {1,2}and1 — 9§ - E. [w (r1,72,p,¢,2 (-))] > 0. Ass.;me% = E—p(f’—)

and var, <;—a> = vare (%)
First | show that for z; (r,p,q,e) > 0, it istrue that z; (r,p,q,e) > z; (r,p,q,€) < p; < p;. Since

x; (r,p,q,€) > 0, the necessary conditions for an interior global maximum are that

£(rot) ] £ ()

r

e 2 - " T 2 e
vare <_L) {(pg)? @i +cove (;};,;ﬁ) p§p§ T vare (;&) (p;’) X j+Ccove (;g,pa ) PP T
7 J J %

@
Pq
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dividing numerator and denominator by p{* on the left hand side and by p§’ on the right hand side one obtains

(3 =) _ £ (3 = *7)
/ _

T T T T
vare < a) p§ - X + cove <F,p—,§) pjxj vare <p—i> “P§ - xj + cove <1)—;,1)—;) Py
p; J J z J

andsincep—(;': ( i) , it follows that

. . Ty . T j (e . Tj (e . i T (e .
Di <pj < vare o “p; - X+ cove E,E -pj~x]>var5 o -;oj-xj—kcov8 pE Pt ‘D T
¢ .
T; T, T T T, T
& |vare <—é> — cov, —;, —fl pft x> |vare —i — cov, —;, —fx
b; p; p; p; p; p;
& &

where the last line follows from the assumption that var. (—a) = wvar, (I%) and the Cauchy Schwarz

J

inequality which together imply that var. (I%) — Ccovg <I%, IL)}) 0. It followsthat z; (7, p, ¢,€) > 0 implies

Z; <717p7 q,€) > m] (T7p7q78) <:>pl < p]

Now suppose z; (r, p, g, ) = 0. Clearly, the equivalence above can only fail if p; > p;. From thefirst order

conditions
(1-6-E] ()])Eg(l%—g%> < by cov(lﬁL ;f) P
(1-6-E.[w()])-E. (]%_%> — 5.$i.uar(;_§> e
and since (1-¢-E;[w()]) > 0 and E(I) = E;(;"j), it follows that ¢ - z; - cov (% —i) >
0 - x; - var (#) -p¢. Since x; (r,p,q,e) > 0,9 > 0and p; > 0, thisimplies cov (% —;) ( > a

contradiction because the assumption var. (F) = varsg <E> together with the Cauchy-Schwarz inequality
imply that var, (#) COVs (Pl s ) >0.1

Proof of Proposition 3.1: Let (p1, p2,q) be a DE. By definition, B (p1,pa,q) = wo — p1 - XP (p,q) —
p2 - X¥ (p,q). Since in equilibrium B (p1,p2,q) = 0 and XP (r”,p,q) = 1 foral i = 1,2, it follows
that p1 + p2 = wg. To get a contradiction, suppose p1 # pe. Without loss of generality assume p; < po.
Since X7 (rD,p, q) = x; (rD,p, q,g), it follows by Lemma 6.1 that X (TD,p, q) > XP (rD,p, q) =1,a
contradiction. One concludes that p; = ps = 3¢, asdesired. B

Proof of Proposition 3.2: Suppose assumption NS holds. By proposition 3.1, p; = p2 = . In addition, ¢
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solves X (%, % ¢) = 1if and only if

. _ wg 11—« 17
1_6% O+c— q ; :1@(] (ﬂ)l—a ﬁ (%l) a_(9+c) Eq*
545 [— (‘“7“)1“] 2 @+c) (L () (9+C)) e
0242 [ O+c— q dwoy \ 2 2

It follows that if a DE exists then it is unique. | shall show that (%2, %2, ¢*) isa DE. It suffices to show that
¢t > 0, that is
2

(5+c)-< ! .(%)1‘“—(5“)) -2 50

0 - wy

Rearranging terms, one needs to show that

Wa o 2-(§+c)2+7r-(1—7r)~(9H—9L)2
><70) . 0+c

| =

and since assumption NS holds, it suffices to show that 2(Fte)tm(1-m)-(On—6.)"

2 (0g + c). Notice that

Ote
2'@“)2”‘%’:)'(9*1’9“2 <2 0p+c) & 2.0+ +7- (1m0 —0.)°<2 @+c) Oy +c)
& 1 (l—7) (0g—0r)><2-(0+c) (0n —0)
& (1—m)-(0n—01)*<2-(0+c) (0 —0r)
& (1—m)-(0g—0p)<2-(0+c)
& (1—7n)-Og—0p)<2-(1—n)- Oy —0L)+0L +¢)
& 0<(1—m)-(0g—0)+2-(0+¢)

whichisalwaystruesince 0y — 07, > 0 and (6, + ¢) > 0. Hence, (
that (4, %, ¢*) € . First notice that

E

-« wo\l—a = >
()" _ @)((2) 0w)-2 2
7 s ()= (010) s ()T (040)

where the last inequality usesthe fact that 72— - (%)™ — (B +¢) > 51 (%) "= (f+¢) - 2= > 0.
So it suffices to show that

() () = (0+) s
— >0 & = L —
z LTS () )2 et
a 2(0+¢) +m-(1-7)-(0r—0.)*~2-(0+¢) (O +c) _ 1
A (%) ' -6, <3

2~(5+c)2+7r-(1—7r)~(9H—GL)2—2~(§+C)~(0L+C) <

and since assumption NS holds, it sufficesto show that =7

2(0]{ —|—C).
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Notice that

2:(0+¢)” +m-(1-m)- (0 —0.)>—2-(0+¢)-(O+c) -

T 2.0y +c)
& 7 (L-m) - (0g—00)*+2 (O+c)- (0—0L) <2- (O +c)-(0—0)
& m-(Og—0L) (0-0L)+2-(0+c)- (0—0) <2-(0g+c)-(0—0L)
& 70y —01)<2- (0 —0)
& 7w (0g—0p)<2-m (0 —0r)

whichisawaystruesincer - (0 — 0r) > 0. It followsthat (%2, %2, ¢*) € ¥, asdesired. B

Lemma6.2 Let (p,q) € ¥. If every uninformed investor follows 7Y and every informed investor follows 5’
thereis 67 (p, ¢) suchthat for all 0 < 6 < &' (p, ¢) no informed investor wants to deviate unilaterally from A

Proof of Lemma 6.2: Since the action of a single informed investor neither affects the price quoted by the
market maker nor the round in which the OMR ends, the set of rates of return associated with the strategies of
aninformed agent is

RE={ri=¢! vl +(1—¢!) rwhere¢! : S [0,1] is F—measurable}

where
(0+c) p2 if0;(s) =0p & d(s) =
ri(s)=<¢ (Op+c-(1—71)) p% ifﬁi(s)zeL&d(s)
(0; (s) +¢) - p& otherwise

Clearly, r! (w;) dominatesr’, thatisr/ (w;) (s) > 7 (s) foral s € S and thereissome s inwhich theinequality

is strict.

I would like to argue that if every other informed shareholder follows strategy 7! and every uninformed
shareholder follows 3V, each informed shareholder finds it optimal to follow 57 regardless of her portfolio.
There are two cases to consider, depending on whether only one or both firms repurchase shares. Formally, 57
is optimal for the informed shareholder regardiess of her portfolio and the identity of the firms that announce
an OMR if

u [w (T{,T%,p,q,l{}) (8)] > u [w (7"177“27197 q, l’) (S)] YV € B, V(Tl,T’Q) S R{ X RI, Vs € 81 (14)
u [w (r{, r?i,p,q,a:) (s)] = ulw (ri,rl}i,p, q,z)(s)] VaeB,Vre Rl Vs e S (15)

where the first inequality corresponds to the case in which both firms repurchase shares and the second one to

the case in which only one firm performs a repurchase.
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Since an agent who follows 3’ maximizes her wealth in each state, she may only find it optimal to deviate
if sheis satiated in some state. Therefore, to show that (14) - (15) holds is equivalent to argue that for every
portfolio in the compact set B and every state s the agent is not satiated. Since portfolios are in a compact set
and the assets return is bounded then the investors wealth is aso bounded and, therefore, condition (1) holds

provided ¢ is not too large as the following argument shows.

First noticethat w (r1,72,p, ¢, x) (s) < w (r{,r%,p,q,x) (s)foralz € B, (r1,m2) € RI x RE and s € S;.
Therefore, to show that (14) and (15) holds, it sufficesto argue that when ¢ (s) = 1 for all s € Sy, the marginal
utility of wealth is positivein every state s € Sy, i.e. (1) holdsat every s € Sy. Sincer! (s) < (0 + ¢) - p2, it
follows that

w(rf,rd.pa,2) (3) < [0 +0) - pf = 2] o1+ (0 +0)-p5 — 2] ap + 22

Now, let

5[ = mj 1
(P, q) 1:EcnellIil [(0H+C)-pi‘—%}] ~x1+[(0H+C)~p§’—%2]~xz+ﬂql

Since B is a compact set and the objective function is continuous in z, it follows that 6’ (p, q) iswell defined.
Then,

w (T{7 réap) q, x) (S) <
forany 0 < § < 67 (p,q), asdesired. B

Let (p,q) € V. If every uninformed investor follows 7Y and every informed investor follows 77, there is

6Y (p, q) such that for all 0 < 6 < 6V (p, ¢) no uninformed investor wants to deviate unilaterally from5Y .

Proof of Lemma 15: The rate of return obtained by an uninformed shareholder who tenders in the first
roundis
it (wi) (s) = (6 +c) -pf if0; (s) =6u
i \Wi = (GL-i-c—l—%.r.c).pia it 0, (s) = 0y,

and £ (riTl H81> (s) = [5—%0—7%7‘- <c+§— 1fwi)} - p. Therefore,

E@Y|S8)(s) > E (r;f’l Hsl> ()& 1—w > % (16)

Notice aso that to tender in the second round is never better than not tendering at al for the uninformed
shareholder. Indeed, if she follows the strategy of tendering in the second round, then her rate of return per

shareis

’I"T2 (S) _ (9i+6)'p? if 0, =0y
| @ +cec—T-¢) p¥ if; =0pandd(s) =1
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and, therefore, ¥ (s) > 712 (s) for al s € Sy. So we can assume the uninformed either tender in thefirst round

or does not tender at al.

Sincethe action of asingle uninformed investor neither affects the price quoted by the market maker nor the

round in which the OMR ends, the set of rates of return associated with the strategies of the uninformed is

RY = {ri =671V + (1= of') -r] where ol € [0,1]}

Formally, 3V is optimal for the uninformed shareholder regardless of her portfolio and the identity of the

firms that announce an OMR if

v

E(ulw(r{,ry,p,q,2)] —ulw(ri,r2,p,¢,2)] [St) (s) 0 Vo € B,V (r,r2) € R{ x R}

E (u [w (r?,rﬂ,p,q,x)] —u [w (ri,rZ,p, q,x)] H51) (s) > 0VxeB,Vre RZU, Vi=1,2

Vv

where the first inequality corresponds to the case in which the two firms repurchase shares and the second one
to the case in which only one of them performs arepurchase. Since the investor is uninformed and her objective

function is concave in ¢V, the expressions above are equivalent to

> 0vVeeBViedJ (17)

Do (w [w (¢ v + (1= 0) - rir i pa @) 181) ()],

DywE (ulw (o] - i + (1 — o) -ri,r2p.q,2)] [S1) (s) > 0VeeBVieJ (18

o7 =1
where D, denotes the partial derivative with respect to x.

Let (p,q) € ¥,z € Bandi € J. Noticethat for r_; € {r¥; r2,

E(riU—r?l [|S1 )
Bt maa) (7 )5 ]

Dy E (uw (¢f -rf + (1= ¢Y) -ri,r—i,p,q,2)] |S1) (S>\¢U_1 >0 >0

D

—1

However, since E (1Y [|S1) < E (r?; ||S1) and ¥ is conditionally independent of r

E(Tffrfl [|S1 ) E(Tffrfl [|S1 )
E[w(r{’,rg 7p,q,x)~(rf] —rt ) HSI] - E{w(riU o, ,pg,a:)-(rf’ —r1 ) IS ]

then it suffices to show that the right hand side exceeds §. Define

U _ E.(rV—r|S51)
0 (pa) =min S TS

Then, forall 0 < 6 < 6V (p,q) andr_; € {rgi,ru},

—1

E(rf’—r?l IS, )
w(TTU 7T*i7p’q7r)'(7‘£]77.;'rl)”SI]

U
0<0"(pa) <
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Therefore, (17) and (18) holds, asdesired.l

Proof of Lemma4.1: Set§ (p,q) = min {6 (p,q). 4’ (p,q)} and the desired resuits follows by Lemmas
6.2and 15. &

Proof of Lemma 4.2: Supposed < 67 and 7’ € P. First | show property (i). By definition

Ay (w,p,q,z) = F (u [w (rg,,p,q,:r)] |81) - F (u [w (rg,,p,q,:n)] |Sl)

Since 7’2, is constant with respect to w, Ay (w,p,q,z) increases with w if and only if
E(ulw(ry.p,q,x)]|S1) does. Letw (rl,,-) = w (r%,,p,q, x). Notice that

E(ufw(rg,)]181) = B (w(rg.)I$1) - (1 =5 B (w (rg,) 181)) =5 -var (w (7, ) S1)

where
E(w(rg/,)|51) = E(T{,j/—%|81>-:L‘1+E<T£’j/—%|81>.:L:2_|_% (19)
var (w (rh, JIS1) = war (T{J, S1) - x1 + var (rij, |S1) - a2 (20)

where the last line uses the property that cov (r{’J,,rij, ]Sl> = 0 for every 7' € P. Sinced < &/, it follows
that A 7 (w, p, ¢, ) increaseswith E (w (7“5,, 1) |81 ) and decreases with var (w (7“5,, ) |S1). Soit sufficesto
show that E (w (r%,,,-) |S1) and var (w (r%,,-) |S1) increases and decreases with w, respectively. On the one
hand, for every i ¢ J', E <r{ 7 ]Sl> and var (r{ 7 ]$1> are constant with respect to w. On the other hand,
foreveryic J', F (r{j, |Sl) = E (r! |S1) increases with w and var (ri{j, |Sl> = var (r! |S;) decreases

with w. It follows from (19) and (20) that A 7/ (w, p, ¢, x) increases with w, as desired.

Now | show property (i) holds. Suppose J C J'. Let w € [0,1). Since E(r{J |81>
FE (TiIJ’ |81> and war <7’z{j \81> > var (T{J, |Sl) Vi = 1,2, then E (w (rg, ) |81)
E(w (r\l7,, ) |81) and var (w (7“9, ) 181) = var (w (7“9,, ) |81). Therefore, E (u [w (ré,p, g,z)] S1)
E (u|w (rg,,p,q,x)] |S1).  Likewise, since E (rgj |Sl> > F <rgj, ]Sl> and var <7’£,]J |81>
var (rgj, \Sl) vi = 1,2, E (w (Tg, ) \81) > F (w (rg,, ) ]81) and var (w (Tg, ) ]81)
var (w (Tg,, ) ]Sl). Therefore, E (u [w (r?,p,q,x)] ]81) >F (u [w (r?,,p, q,:r)] ]Sl). Thus,

ININ IN A

IN

Ay (w,p,q,x) = E (u [w (ré,p,q,x)] |81) - F (u [w (rg,p, q,:r)] |81)

E (u [w (rg,,p,q,x)] ]81) - F (u [w (rg,,p,q,a:)] |Sl) =Ag (w,p,q,x)

IN

asdesired. B

Proof of Proposition 5.1: Suppose {(p1,p2,q),J,ws} isaME, NSholdsand w; 7y < 1 for some firm
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i = 1,2. By E.2 there exists some agent ¢’ for whom z 7 (w7, p, ¢,¢’) = z% (wz,p, ¢,¢"). Suppose there
exists some agent £V for whom = 7 (wj,p, q, EU) = :L‘g (p, q, 5U). Then,

wirGpael) = (W -2)aly @)+ (s - 2) ofs (o) +2
w (7{7’1)7 Qagl) = (T{,J - %) x{,J (wj7p)Q7 ) + (T2 J p2> : $£,] (Wj7p; qvel) + %
It follows that
g(e") - w(rGp,qe") + (1=g (")) -w(rhpace) = > [y wig+ris 1-wigs)]
i=1,2
= Z (0; +c) - pf
i=1,2
< > (07 +¢) pf
i=1,2

andsincew (17, p, q,€Y) (s),w (r},p,q,€") (s) > Oforal s € S, then

max {w (r7,p,q,e") (s) ,w (rf7,p,q,¢") (5)} < ningl(k}) <lfordlses

as desired. Now, suppose everybody is informed. Then, w7 = 0 = (0,0) and rZJ (0; +¢) - p¢* for al
i =1,2. Then,

g () w(hpae) + (1-g (V) w(hpae) =3 Gt <2 (07 +0)- (5)°
i=1,2

and since w (r‘ly,p, g,€Y) (s),w (ré,p,q,ej) (s) > 0fordl s €S, then
maX{’w(T‘g’p,(L&‘U) (S),W(Té,p,q,& ) }< niz;;\cl(k})a %fora”SGS

asdesired. B

Proof of Proposition 5.2: Let {(p1,p2,q),J,ws} beaME. By definition,

By (wgz,p,q) =wo —p1- X1,7 (w,p,q) —p2- Xog (W7,D,q)

Sincein equilibrium B (wz,p,q) = 0and X; 7 (w7, p,q) = 1fordl i = 1,2, it followsthat p; + p2 = wo.

Supposethe ME issymmetric, i.e. 7 € {&,{1,2}}. Thecaseinwhich 7 = & followsfrom proposition 3.1
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since (p1, p2,q) isaDE. So | consider here only the case in which 7 = {1, 2}.To get a contradiction, suppose
p1 # p2. Without loss of generdlity assumep; < ps. By Proposition5.11—§- E. (w (-)) > O forevery e € A.
- Assume first that everybody is informed. Then w; 7 = 0 and r/ ;, = rP foral i = 1,2. In addition,
Xig(0,p,q) = X~ :L‘Z-IJ (0,p,q,e) + (1 = A) - wiIJ (0,p,q,2) = x; (TD,p,q,g) for every firm i. Since
E. <TiD) =F, <;§) and var. (;—f) = vare <%> foreveryec € Aandz; 7 (’I“D,p, q,g) >0forali=1,2

(o3
p; —i i

by £.2, it follows by Lemma6.1 that X; 7 (0, p,q) > X2 7 (0,p,q) = 1, acontradiction.
- Assume now there exists some investor ¢V € A who remains uninformed. The casein which w; 7 = 0 for all

i = 1,2 is similar to the one in which everybody is informed. So, assume that w; » > 0 for somes: € {1, 2}.
Then, z{'; (p,q,eV) > 0. Since E..v <ﬂ> = F.v (;E) and var.v (;-Z) = var.w (%) then Lemma 6.1

Py —i
impliesthat 21 ; (p,¢,e¥) > 25 ; (p,¢,€") > 0. Soit cannot be the case that everybody is uninformed. That

is,wi 7 < 1forsomes: = 1,2. Hence, thereexistse! € A that isinformed. Then wi,7 > wa,7 > 0impliesthat
E.r (;-i) > Fr (:é) and var.: (;—i) < varrs (;f:) Sincew; 7 < 1, Proposition 5.1 implies that no agent
is satiated. Therefore, it must be the case that =5 ; (w7, p, ¢,¢") = 0. Hence, g (V) - 2§ ; (p,¢,eV) = 1. It
followsthat X 7 (wz,p,q) =g (aU) ‘x[{’j (p, q,EU) +g (51) -a:{J (wj,p, q,al) >g (sU) -xQUJ (p, q7€U) =

1, acontradiction. Hence, p1 = p2 = %2, asdesired. &

Proof of Proposition 5.3: Suppose § (4, %, ¢*) > & and (6) holds. Let p* = (%, %) and 0 = (0,0). |
show that (p*, ¢*) together with 7 =) andw 7» = 0 forall 7' € PisaME. Clearly, E.1 holds. Since (p*, ¢*)
isaDE, conditions (E.2) and (E.3) hold. Sincez s (wz,p*,q% ¢) =z (rP,p*, ¢*,e) =1,

{e: Ay (wiy, 1", ¢ 2 (W, 1%, 0% €)) < f} = {e: Ay (0,p%,¢%1) < f} =0
Sincez;, 7 (0,p*,q*, €) = x2,7 (0,p*, ¢*,¢) = 1, it follows that
{e: ALy (0,p",¢" 27 (0,p",q%€) < f} = {e: Apy (0,p%,¢%, 27 (0,p",¢",¢)) < f} =0
Finally, since {i} C {1, 2} then property (ii) in Lemma4.2 implies that
{e: A1y (0,p%,¢%, 27 (0,p%,¢%,€)) < f} = {e: Ay (0,p%,¢%, 25 (0,p*,¢%,€)) < f} =0
Therefore, w = 0 satisfies (E.4) foral J’ € P. Findly, for 7' = {i}

AVJ’] (wjap*aq*7€) = Vj’ [wj’vp*aq*a'xj (wjap*vq*ag)] - VJ [wjvp*aq*aq:j (wjap*aq*vg)]

= Vg7 [0,p",¢", 27 (0,p",¢" ¢)] — V7 [0,p",¢", 27 (0,p",¢%,¢)] <O

Hence, > g(e) - x;,7(0,p*,q*,e) = 1 implies that (£.5) holds.  Therefore,
€:AV.7'.7("J~71p*1q*15)<0

{(%7%7q*)n7,wj} isaME.
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Now suppose {(p1, p2,q) , J,wzs} isaME inwhich 7 = (). Sncea M E with 7 = () isa DE, it follows
that (p1,p2,q) = (p*,q%). Then, 6 (%, %, ¢*) > 4. Suppose (6) does not hold. Then, Ag;y (0,p*,¢*,1) < f
foralli. Sincex s (p ,q%,¢) = (1,1) foral e € Aand (E.4) holds, it followsthat wy;, # (0,0) foral i. Letw
be such that Ay, (w,p*,¢*, 1) = f. Ontheone hand, sincewy;, satisfies (E.4) and z 7 (p*, ¢*,¢) = (1,1) for
al e, it must bethe casethat A, (w{z} p*,q*,1) < fforali=1,2. Itfollowsby property (i) in Lemma4.2
that wy;y <w < (1,1) for dl <. But on theother hand, wy;; < (1, 1) together with (£.2) and (£.4) implies that
some investor purchases information. Hence, Ay (w{i},p*,q*, 1) > f for some 4, acontradiction. It follows
that (6) doeshold, asdesired. &

Pr oof of Proposition 5.4: Suppose (R.1),
(R.2) and (R.3) holds. | show that { (%, %, q (¢Y,e!)),T,ws} isaME. Clearly (E.1), (E.2) and (E.3)
hold. By symmetry, xl 7 (p q( v, I) ,EU) 2U (p q( v I) EU). Then, wy,7 = wy 7 > 0. By R.3 it
followsthat 27 (wz,p*,q (¢¥,¢7) ,e¥) = 27 (p*,q (¢V,€") ,e¥). By R.3 and since property (ii) in Lemma
4.2 impliesthat Ay, (w, p,q, ) < Az (w,p,q, ), one obtains that

A{l} (w{i}’p*’q(')’:ﬂj (wjap*>Q(')7€U)) < AJ (wj,p*,Q('),-'Ej (wjvp*aq(')ng)) < f

AJ (wjvp*7Q(‘)7x..7 (wjvp*7Q(')751)) > A{z} (W{i},p*7Q('>,$J (Wj,p*,Q(‘>,5I)) > f
Thisimplies that
{e: A7 (wg,p* q(EY.€") 27 (wr.p*,q (Y, eT) ,eY)) < f} ={Y} VT eP

Then,

wr =g (") a7 (%, eh) Y) = > gz (0,q(c%,€") e)

{‘E:AJ’ (wj’ 7p*7Q(EU7EI)7$J(w51p*1q(€U7€I)75))Sf}

and, therefore, F.4 holds. Notice that

A‘/{’L}J (WJ,p Q( v I) 7€U) = Vv{z} (w{i}a'ax(] (wJ7'7EU)) - VJ (wjf?xj (wjv'agU)) >0
A‘/{z}j (wjap Q( U I) 76[) = V{z} (W{i},',$j (wjj>'>5])) - VJ (UJJ?'a:Ej (wja'agl)) <0
where the dtrict inequaity holds because w; (3 = wiy > 0 for every i € {1,2}. Hence

{e: AVyg (wg,p*,q (Y, €7) ) <0} = {e'} and

U * I * I
> g 20" a().e) =g (") mig (wrp*a(),e') =1-wy > 3
e:AViy g (war,p () x g (wag,p*,q(:),))<0

Therefore, E.5 holds. It followsthat { (%2, %, q (¢V,e!)),J,ws} isaME.
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Assume there exists a M E with 7 = {1,2}. Then, thereis ws such that { (%2, %*,q) ,J,wy } satisfies
E.1— E.5. Supposew s = (0,0). Clearly, E.4 implies that everybody isinformed. Hence, for every ¢ € A

Vzg (0,p.0,27(0,p,q,¢)) = E(ulw(r',p,q,25(0.p,¢.)]) -
(u [w( 7paQ7$J(0ap’q’5))])_f
(u [UJ( _i,p,q,iﬁj (07p7Q78)) ‘Sl]) - f

< (WJ' b, q, g (07p7Q75))

IN

where the first inequality follows because wy > wy. Hence, AV s (wg,p*,q%e) > 0 for dl ¢
contradicting condition E.5. It follows that w7 # (0,0). Hence, there exists some firm ¢ such that w; 7 > 0.
Then, E.4 implies there exists eV such that Ay (w7, p*,q (¢V, ") ;27 (wg,p*,q (¥, €7),eY)) < f. Let
w = (w1,w2) < (1,1) be the unique solution to Ay (w,p*,q (¥, "), 27 (w,p*,q (¥, e1),eY)) = f
such that @, = wy. Since 2{ ; (p*,q (¥,¢") ,e¥) = 2§ ; (p*, q( Uel),ev), then wy gy = wo y and
wi,g < W < 1. By E.2, thereexists e’ suchthat Ay (wz,p*,q (¥, ") ,zg (wg,p*,q (Y, €7) ,el)) > f.

Hence, z7 (wz,p,q,¢") = 2 (wg,p,q.¢’). Sincewy < @ < (1,1), then E.4 implies that wy =
9(e7%) 25 (0" q(e7,¢") ).

Suppose wy;y = (0,0). By properties (i) and (i) in Lemma 4.2,

A{z} (0,]9*,(](') g (wj7p*7Q(')7€U)) < J (Ovp*vq(‘) LT (wj,p*,Q(') 7€U))

A
< Aj (Wj,p*g(J(')a:Ej (WJ,p*,q('),ﬁU)) < f

But then, E.4 implies that =7 (wz,p*, q (e¥,€7) ,e¥) = 2T (p*,q (Y,€") ,e¥) = (0,0), a contradiction
since w; 7 > 0 for some . It follows that w;; # (0,0) and there exists some firm 4 such that w; ¢ > 0.
A reasoning analogous to the one used to prove that w; 7 > 0 = wy = g (e¥) - 27 (p*,q (¢V,€!),eY)
can be used here to show that w; ;3 > 0 = wyy = g(eY) - 2% (p*,q (¢V,€") ,eY). By symmetry,
g(eU) :clj (p q( v, I) ,€U) =g (€U) -xQUJ (p*,q(eU,sl) ,5U). Hence, w; ¢;; > 0 for dl j. Since
Wy =wgy =g ( ) 'QTJ (p*,q (€U,€I) ,5U), then it must be the case that

AJ (Wj,p*,Q(‘) y LT (ijp*,Q(‘) 75U)) < f < A{7,} (w{i}vp*7Q(') y LT (wjvp*aq(') 751))

and, therefore, R.3 holds. Therefore, {¢ : AViy 7 (w7, p*,q (¥, €7) e) < 0} = {e!} and by E 5, it follows
that

1
e: AV g (wa,p*,q(ev e7),)<0

for al ¢. Thus, condition R.2 holds, as desired. B
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Proof of Lemma 5.1: Suppose {(p1,p2,q),J,ws} isa ME with 7 = {1,2}. By Proposition 5.2,
p1 = p2 = 5*. From the no arbitrage conditions,

; 1—0-wY 1—0-wl
&:Egu jU "I"lU :Egl j] ~7”iI
q 1-6-Ew (wY) 1—6-E (wh)

and, after some algebra, one obtains that

E_v (r?)—%'[vamu (TZU) + cov.u (TZU,’I”]U)] =FE. (r{)—%-[var (TZI) + cov,1 (r{,rjf)]
where | use the property that «f , = %, for any k € {I,U}. By Proposition 51, 1 —

§ - Ew(wh) > 0foradl k& € {ILU}. Since Ewv(rY) < (@+c¢) - p* < Eo(r]) and

varss (r,f]) + cov.u (T‘ZU, T; ) > 02 pF > vare ( zI) + cover (r,{,rj]) then

0

5':[;1‘U,j(%7%7Qa5U) 6"%'1'[,\7(("}._77%7%7Q751)

< 21
-5 B (u]) 5 Bl (w]) @)
Since MRS [E: (w) ,var: (w)] = =5z | shall show that 176_E€5U(w2) < 175-Ef,(w{7)' Suppose not.

Then,

E.v (wg) > Ee1 (w:"]) < 2B (rlU - w(;/2> : -’I/'(:[{J ('>€U) >2-FE. <’I”{ — w0/2> . .’E{“j (',81)

= 375],7 (5, % q.e )>${,J (w37%1,%,q781)

But thisimplies

i >5'${J(W~7?%’%>q751)
1-6-E.w (g) - 1—6-E.r (wh)

which contradicts (21). Therefore, MRS [E.v (w%) ,var.w (wY)] < MRS [E.r (w)) ,vare (wh)]. ®

Proof of Proposition 5.5: Suppose {(p1,p2,q),J,ws}isaME with J = {i}. Supposew; 7 = 0. Then,

Avbj (wjap)Q7€) = ‘/@ (L‘)@?pa q, g (wjjvpa q,&‘)) - VJ (wjvpv q,Tg (wj7p7Q7€))

= E(ufw(” p.g2s(ws,p,69)]I8) = Vs (wy,p.¢,27 (wg,p,¢,€)) >0
where the last inequality uses the fact that for any = € R2 ,
max {E (u [w (r7,p,4,2)] 1S1) = £,E (u[w (r7,p,q.2)] [S1) }|,,, ,_o < E (u[w (r”,p,q,2)] |S1)
But AVys (wg,p,q,e) > 0 for al e, contradicts condition £.5. Hence, w; s # 0 and there exists
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eV € Asuchthat Ay (wg,p,¢.27 (wr.p.q.e¥)) < f. Then, zz (wz,p,q.€Y) = 27 (p,q,e") and
wiU’J (p,q,sU) > (. Let w beasolutionto A 7 (w,p, q,T7 (w,p, q,eU)) = f. Clearly, 0 < w; 7 <w; < 1.
Then, there also exists ¢/ € A such that Ay (wgz,p,q,27 (w7,p,9,¢')) > f. By (E.2) and (E.4),

wig =9 () -2; (p,q,€Y) € (0,1) andw; 7 = g (V) - 2% ; (p, ¢,€Y).

Supposewy: > g (V) - 2 ; (p,¢,€¥) for I’ = {1, 2}. Then, <" will not acquire information. But

AJ’ (Wj’,p*,Q('),ij (wj>p*7Q(')>€I)) > Aj (wj;p*>Q(');$j (w._7>p*7Q(')>€I)) > f

acontradiction. It followsthat w7 < g (V) - 2% ; (p,¢,¢"). Hence, A.1 holds.

To show that w; s € (0,1), suppose there exists some ¢ such that z; 7 (wz,p,q,¢) = 0. Since

z; 7 (wz,p,q,¢) > 0foral e € A, it followsthat for somek € {I,U}

Ea(r;?—&)—é-EgKrf—&)-<7’f—&>-mi+g(rk—&>} <0
q q q q q
YN E5<rf—&)—6-E5<§?—&>E5[<rf——i>--:Bi—i-g] <0
q q q q
; w
x =

<

Thelast inequality impliesthat there exists some state s € .S such that w (r’},p, q,a) (s) > %Which contradicts
Proposition 5.1 since | argued that w; 7 < 1. It followsthat z; 7 (w7, p,q,€) > 0 for dl e € A. Therefore,
wj.7 € (0,1), asdesired. Hence, A.2 holds.

Clearly, {e : AVpg (wg,p* q(V,€"),e) <0} = {e’} and by E.5 it follows that A.3 holds because

1
Wi, g =9 (gU)'xgj (p*>q (5U7€I) >5U) =1- Z g (5)'$i,j (wjvp*vq (€U7€I) 75) < 5 u

e:AVy J(Wyvp*7Q(€U:EI)’€)<O

Proof of Lemma 5.2: Suppose {(p1,p2,q),J,ws} is a ME with J = {i}. By Proposition
51, 1 =6 - Ew(wy) > 0and 1 —6- E.s(w}) > 0. In order to get a contradiction, assume
MRS [EEU (wg) , VAT U (w%)] > MRS [EEI (wé) , VAT T (wé)] Then E_v (w%) > FE.1 (wé) It follows
that

B(rp-2) B(rp 1) U U I I

z§ J(p,q,EU)~var(TD) = JI’j(wg,p,q,sI)war(rD) = L. (p’ 7€ ) < L5a (WJ,p, q,¢ )
B (rl-2) B (ri-2) U U I I
T e G 2 T et = g (P ae)) S @iy (Wg,p0.€)
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But then,

acontradiction. It follows that M RS [E.v (w%) ,var.s (wY)] < MRS [E.r (wh) ,var.: (w’)]. Suppose

pi > pj. Then by the no arbitrage conditions

»U pl—a TI
U S S i
W ) E.u p* q varer s 2
1 wzj.w,,“y_ p; < g
1—w; T Wi 7 rl p}ia rU U
’ Ei|-ft——"— var v | =& var.v | —5
P q P, Py
i i i

Since E.v (;—2) <E (%L) and var.v (;—U> > o2, itfollowsthat w; 7 < w; 7, asdesired. B
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