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Abstract

This paper studies a firm’s optimal capital structure in an environment, where the firm’s
stock price serves as a public signal for its credit worthiness. In equilibrium, equity
investors choose how much information to acquire privately, which induces a positive
relation between the amount of equity issued and the stock price signal’s precision. Thus,
through its capital structure, the firm can internalize the informational externality that
stock prices exert on bond yields. Firms with a strong fundamental therefore issue more

equity and less debt than they would if the informational spill-over did not exist.

Keywords: Information Aggregation, Capital Structure, Sequential Markets, Market Depth.

JEL: C73 D83 G10 G32

1 Introduction

Lehman’s 2008 bankruptcy may have come as a surprise to those bondholders who believed in
its A-ratings. It was less of a surprise to the bondholder who observed that Lehman’s stock

price had fallen from 62.19 at the beginning of 2008 to its 3.65 low on September 12, 2008, the

*We thank Martin Hellwig for his suggestion to think about information spill-overs between stock prices
and bond yields. We thank Alia Gizatulina, Dominik Grafenhofer, Kristoffel Grechenig, George Lukyanov,
and Martin Szydlowski for comments which improved this paper. The paper also benefited from questions we
received in Bonn, CORE Louvain-la-Neuve, and at the PET 2012 and EEA-ESEM 2013 conferences.

TMax Planck Institute for Research on Collective Goods, Kurt-Schumacher-Str. 10 53113 Bonn, Germany.



day before Lehman’s bankruptcy. Similarly, AIG’s A-ratings were not more informative during
the days before its bail-out. Again, the stock price, which had fallen by more than 90 percent
in that year, provided a more informative signal. In both cases, the stock price served as a
timely, costless, and arguably unbiased monitoring device for bondholders.

The present paper studies the informational externality that stock prices exert on equilib-
rium bond yields. Since stock price and bond yield are both related to a firm’s cost of capital,
we assume the perspective of a firm which chooses its capital structure to minimize its expected
cost of capital. In the present model, this firm will have an incentive to internalize the informa-
tional externality that stock prices have on equilibrium bond yields through an optimal choice
of its capital structure. The main finding indicates that the informational spill-over from stock
price signals to equilibrium bond yields makes it optimal for firms which are financially strong
to issue more equity and less debt than they would in a world without the information spill-over.
This finding relies on a positive relation between the informativeness of a firm’s stock price and
the amount of equity issued: as the firm issues more equity, it incentivises equity investors to
acquire more private information on the firm’s financial health. As a consequence, the firm’s
stock price becomes more informative and communicates the true financial health of the firm
more clearly to Bayesian bond investors. In turn, these bond investors use the information
contained in the stock price to calculate the firm’s default risk, and the corresponding equi-
librium bond yield. Compared to capital structure model{] where the management’s choice of
an optimal capital structure communicates insider knowledge to outside investors, the present
paper analyzes how different capital structures facilitate/optimize the information exchange
between outside investors.

More precisely, we study a framework where a firm issues bonds B and sells a number of
shares K to raise a given target revenue /. The firm’s objective is to minimize the capital cost
C = K(0 — p) + RB subject to the revenue requirement. The pay-out to equity investors 6
represents the firms financial strength. The model is sequential and at the beginning of time,
the firm announces a capital structure (K, B). Subsequently, the stock market opens and the
shares K are sold at a market-clearing price p to risk-averse investors who possess private

information on the firm’s health 6. This stock price aggregates the stock investor’s dispersed

1See Harris and Raviv (1991), pp. 306-315, for a survey of models where various aspects of asymmetric
information shape optimal capital structures.



private knowledge and partially reveals the firm’s health . In turn, the bond market opens and
risk averse investors, who observe the price signal p, buy the firm’s bonds at a market-clearing
net interest rate R(p). Bondholders and investors receive their respective pay-outs in the final
period when the true strength 6 of the firm is revealed. Bonds pay the net return R if the
firms’ financial strength is sufficient. Otherwise the firm declares bankruptcy, in which case
bond investors incur a loss L on each bond.

The predictions of our model will rely on two main components. First, we assume that
the stock market is “more liquid than the bond market”, in the sense that there always exists
a recent stock price which serves as a noisy signal for bond investors when the bond market
opensE] In our two-period model, this is captured by the assumption that the stock market
opens earlier than the bond market. The second main element of our analysis concerns the
information acquisition of the Bayesian stock investors who buy shares to maximize expected
utility. At a cost, these investors can improve the precision of the information which they
learn. As the firm issues more equity K, the equity investors’ equilibrium net position in the
firm increases and investors find it optimal to acquire more information. As a consequence, the
price equilibrium, which publicly reveals the information collected by private investors through
the market clearing price p, becomes more informative. That is, as the firm issues more equity
K, which reduces its indebtedness B, the market price p communicates the firm’s fundamental
0 more clearly. In turn, the expected equilibrium bond yield will be lower (higher) if the firm’s
fundamental is strong (weak) and firms will have an incentive to issue more (less) equity than
they would without the informational externality.

Compared to the literature, our analysis of the stock market builds on the |(Grossman and
Stiglitz (1976, |1980)), (Green (1975)), and Hellwig (1980) models of imperfect information ag-
gregation in competitive markets. Unlike these studies, however, the present model does not
rely on noise traders to prevent prices from being perfectly revealing. Instead, we present a
specification where uncoordinated information acquisition by investors induces an endogenous
correlation of the agents’ signals. Due to this correlation, prices reveal the true strength of the
firm 6 only partially. One assumption in our baseline setting is that equity investors cannot

condition their demands on the informational content of prices. In Section [4.4 we show that

2In support of this assumption, we note that the financial data provided by Google Finance, Reuters, or
Bloomberg make it straightforward to receive stock price information, but difficult to inquire bond yields. That
is, stock prices seem to be the main source of aggregate information.



our results also obtain under the alternative assumption which allows for such conditioning.ﬂ
In turn, this price signal influences the equilibrium rate of return on the firm’s debt. This
spill-over, which is the main contribution of the paper, influences the firm’s optimal capital
structure and induces healthy firms to issue more equity than they would if the informational
spill-over did not exist. The characterization of this spill-over provides a new aspect to the
literature on optimal capital structures in models with default. That is, we add informational
spill-overs from stock prices to bond yields to aspects such as agency costs, corporate control
considerations, or the tax-shield-default tradeoﬂ?ﬁ In terms of the survey on capital structures
by Harris and Raviv| (1991), the present analysis is closest to models of asymmetric information,
where the management’s choice of a capital structure transmits insider information to outside
investors. However, instead of a transfer of information from insiders to outsiders, the present
analysis focuses on the transfer of information between outsiders, i.e., bond and stock investors.ﬂ
Concerning this information exchange between outside investors, we may compare the present
paper to the model of Harris and Raviv| (1990)), where debt (i) helps outside investors to acquire
informationf| on the firm’s financial health and (ii) allows outside investors to “discipline”
the firm’s managementﬂ Concerning the aspect of information revelation, the present model
and the framework by Harris and Raviv (1990) have in common that the asset which reveals
information is chosen by assumption. To vindicate our assumption, namely the focus on stock
prices rather than equilibrium interest rates as information aggregates, we show that it is
the coarseness (smoothness) of the debt’s (stock’s) pay-out profile which induces bond (stock)

investors to invest a small (large) amount of resources into information acquisitionﬁ

3In the absence of a unified theory of information aggregation in competitive markets, it seems best to
consider both specifications. See Hellwigl (1982)) for a comparison of both approaches.

4See |[Myers| (2001) for a survey which emphasizes the tax-shield-default tradeoff.

5 More precisely, we will assume that the management’s knowledge of the firm carries no information. An
extension of our setting to a model where the management’s optimal decision (K*, B*) also carries information
in itself is possible. Instead of such an extended model, where both effects coexist, we work with a reduced
framework to isolate our contribution.

In the model of Harris and Raviv| (1990), it is the mere fact that a firm can meet its debt obligations
at certain points in time which signals to outside investors that the firm’s health is at least sufficient to pay
the debt’s interest. The channel through which information is revealed and the coarseness of that information
therefore differ fundamentally from the present setting.

"See |Calomiris and Kahn| (1991) for a related model. See Admati et al.| (2010), pp. 28-31, for a reflection
on the governance and informational role of a firm’s debt. |Albagli et al.| (2011)) develop a model where a firm’s
management interacts with stock prices that aggregate investors’ dispersed private information. In their model,
however, firms issue no debt.

8See Dang et al.| (2009) for a similar result. In a different context, they find that, due to the coarseness of
the pay-out profile of debt, risk-neutral bond investors have the least incentive to acquire information.



In a more remote interpretation, the present paper provides an alternative perspective
on the analysis of [Morris and Shin (2000} 2004)), |Atkeson| (2000), and [Angeletos and Werning
(2006), who study the informational role of public signals, such as stock prices, in the context of
coordination games. Suitably interpreted, these models describe a firm’s debt rollover problem.
In contrast to these studies, we allow for an endogenous bond yield which equalizes demand and
supply in the bond market. Moreover, Morris and Shin (2000, 2004) and |Angeletos and Werning
(2006) study models where the quality of the agent’s private information is exogenous, while
the present model emphasizes that larger/deeper markets generate more informative signals
since they incentivise more private information acquisition.

The rest of the paper is structured as follows. In Section 2, we lay out the model. In
Section 3, we derive the main results. In a separate Section [4] we reflect on our assumptions
and replace some of them to demonstrate the robustness of our findings. First, we discuss
the timing of trades, which implies that it is the stock market, rather than the bond market,
which aggregates information. Second, we show that the firm’s strength 6 can be derived from
a consistent budget constraint. Third, we present a more general specification for the bond
market. Finally, we show that our findings also obtain for the standard CARA-normal noise-
trader equilibrium, where equity investors can condition their demands on stock prices. Section

5 offers concluding remarks.

2 The Model

Our model consists of the firm’s management, a unit measure of stock investors, and a unit

measure of bond investors. Their interaction is characterized by the following timeline:

e Period 0: The firm’s management holds a prior f over the unknown fundamental 6.
Based on these expectations, the firm decides on the optimal capital structure (K, B)
which minimizes the expected cost of capital E/[C] = E/[K (6 — p) + BR] subject to the
revenue constraint I = Ef[p]K + B. After the firm has announced a particular plan,
(K, B), equity investors choose their optimal information acquisition strategy. Finally,

equity investors receive information and submit equity demand schedules.

e Period 1: The equity market opens and an equilibrium stock price p is observed. The
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debt market opens after the equity market and bonds are traded at the equilibrium yield
R(p).

e Period 2: The firm’s unknown fundamental 6 is revealed and all payoffs are realized.

Due to the correspondence between stock and bond market, we begin the description of our
model with the equity market; subsequently, we introduce the bond market and, finally, we
analyze the ex-ante decision of the firm’s management, which is influenced by the interaction

between both markets.

Fundamental and Returns The returns earned by equity and bond investors depend on the
unknown strength of the firm 6. In our baseline specification, this fundamental 6 is exogenous
and independent of the capital structureﬂ The left-hand side of Figure [1] indicates that the
firm pays bond investors a return R if the firm is strong enough, i.e., > 0. If the firm defaults,
0 < 0, investors incur a loss L. Regarding the returns to equity investment, which are depicted
on the right-hand side of Figure [I] we study a CARA-normal model, where (§ — p)k; is the
absolute amount of consumption goods available to an agent who invested k;; p and 6 are the

asset’s price and pay-out, respectively.ﬂ

9We show in Section [.2] that this fundamental can be derived from the firm’s resource constraint. In our
baseline model, we abstract from such a resource constraint, since it links the firm’s capital structure in a
non-trivial way to its default probability, and the dividends paid to equity holders. In Section 4.2] we return
to this omission and show that the incorporation of a resource constraint strengthens the effects that we derive
for the simplified setting.

10Tn a different interpretation, which avoids negative prices, we discuss a CRRA-lognormal model. In this
interpretation, agent ¢ derives utility from the return, ln(%)ki = (0 — p)k;, that she earns on her investment k;;
p = In(P) and § =In(V) are the natural logarithms of a primitive price P > 0 and a lognormal fundamental
V' > 0, respectively.
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Figure 1: Net return on debt and equity as functions of 6.

2.1 The Equity Market

Equity investors receive CARA utility from their portfolio return x:
Ui (x) = —e %, (1)

where v represents the coefficient of absolute risk aversion.

2.1.1 Information

At the outset, equity investors receive a noisy signal 6y, which is centered around the true
fundamental 6. This signal 6y contains a number of errors £, relative to the true state 6.
Formally,

O =0+ & (2)

neN

where &, ~ N (O, ‘—]1,|0'2) are i.i.d. errors independent of §. To improve the quality of their
signal, equity investors can collect information privately to eliminate the errors contained in
0y. By collecting and processing the information on a certain “bit” of information n, the agent
recovers the value of ;. She can then correct her estimate, and obtain 6 + 3 ~/i §ns Which
has a lower variance around 6. If agent ¢ processes a subset N; C N of errors, her estimate
becomes

=0+ > & (3)

’I’LEN/NZ'



Since 6; dominates the initial signal 6, in ([2)), agents will base their investment decision on 6;
only. That is, given 6;, the initial signal 6, becomes fully redundant[M]

All agents process information independently of each other, such that each [V; is an in-
dependent random sample of N. To characterize the quality of agent i’s signal, we define

|V
INT*

is therefore Var)® v /n &0 = 2 cnn, Varé, = (IN] = [N]) ﬁaQ = (1 — ;) 0% Hence, the

o = The posterior signal variance, after a share a; of errors was removed from 6,
distribution of the noisy component is N (0, (1 — a;) c?), and for the entire signal we have
0; ~ N (0,(1 —a;)c?). In the rest of the paper, we treat «; as continuous for the sake of
employing differential calculus which reduces the exposition.

The monetary cost of information acquisition is denoted by a monotonously increasing
function C' («;). Moreover, to ensure that the information acquisition decision, which we study

in Section has an interior solution, we assume that a complete elimination of the noise is
C(1)—C(ai)

1—a, = OQ.

prohibitively costly at the margin: 0%1211

Imperfect information is the onl}Lf friction in the equity market, and equity investors can
choose optimal capital investment k; without short-selling constraints. The net return on
capital investment equals (6 — p) k;, where p is the market price. Given the private signal 6;,

agent i’s posterior distribution for # is normal with mean 6; and variance (1 — a;)o?. Recalling

"To see that Pr(0|6;,6) = Pr(d]¢;) we note that Pr(f(6;,60) = 7 Pgﬁ;@g:’l)&ljgyg) & =
Jio,1] T

Pr(0:10) Pr (3, v, én=00—0:]0 ) Pr(0)
S Pr(ei\e)Pr(anM gnzeo—eiw) Pr(6)do”
Pr (ZneNi &, =0y —0; |9) = Pr (ZneN,; &, =06y — Gi) and thus Pr (ZneN,; &, =06y — Gi) cancels such that

_ Preo)Pr(e)
Pr (6163, 60) = Tooa Pr(0:10) Pr(0)do — Pr(66;).

Due to the independence of errors from 6, we have




, the investment decision is thereforeﬁ

K (p) = argmax{E[-e PN [g]}

(3

— argkmaX{vE[(@ — p)k;i|6;] — %21/@7’[(0 —p) ki0:]}

2
= argmax{y (91' —p) ki — %/@2 (1 — ;) 02},

(3

and the demand function writes:
) = ot (@)
Demand increases in the agent’s signal about the fundamental 6;. Risk aversion makes
demand less elastic, whereas the precision of the signal, ((1 — «;) 02)_1, increases elasticity.
So far, we have characterized the optimal investment decision for a given signal quality (1 —
a;). To describe investor behavior fully, it remains to solve for the ex-ante optimal information
acquisition strategy. This strategy, however, depends on the ex-ante distribution of prices which
is endogenous. Hence, we calculate the market equilibrium for a given information acquisition
strategy « first. In a second step, we add the information acquisition decision and solve for the

overall equity market equilibrium.
2.1.2 Equity Market Equilibrium

The supply of the stock at t = 1 is fixed at K such that the equilibrium condition reads:
f[o 1 k¥ (p)di = K. Given the individual demand function, , this equilibrium condition

writes:

0 —p .
——  di = K. 5
/[0,1] (1 — ;) yo? ©)

12For simplicity we follow Hellwig| (1982) and deviate from |Grossman and Stiglitz (1980), in the sense that

we do not allow stock investors to use the equilibrium price, which does not yet exist at the point in time

when they submit their demand schedule, to make inference on the fundamental #. That is, demand writes

k¢ (p) = argmax{E[—e~7(O=P)k:|9,]} rather than k¢ (p) = argmax{E[—e~7(=P)%i|9, p]}. This simplification
ki ki

allows us to blypass the well-known fix-point problem associated with the linear price equilibrium for CARA-
normal economies where agents can condition on prices. While this shortens the exposition, it is not crucial to
our analysis. We illustrate this in Section [£.4] where we show that the same results obtain for the alternative
setting of |(Grossman and Stiglitz (1976, 1980)), |Green| (1975)), Hellwig| (1980), and |Angeletos and Werning (2006))

in which equity investors can condition on prices.



In the symmetric equilibrium, where a; = « for all ZH we thus have:

/ 0;di —p = (1 — o) yo’K,
0.1]

and the equilibrium price equals the average estimate of the fundamental, less a fraction of the

stock supply:
p=0,—(1-a)y’K, (6)

where 0, = f[o I 0;dq is the average estimate in the population of traders. Moreover, @) reflects
that, given 6,, increases in stock supply and risk aversion reduce the price while increased
information acquisition increases prices. Recalling the definition of 6; in and the fact that

N; is sampled from N independently of Z,|E| we have the following equivalence:

0, :/ e,dz':/ 0+ > & |di
[0,1] [0,1]

neN/N;
=0+Z§n—/ andz‘=9+25n—%anzwgp—azg
neN (0,1] neN; neN | | neN neN neN
=0+(1-0a)) & (7)
nenN

such that the average estimate 6,, and thus the observable variable p + (1 — a)v0%K, are
normally distributed around the true value of the fundamental: 6, ~ N (6, (1 — «)® 02) " Put
differently, the market aggregates dispersed private information in the sense that prices are
more informative than any individual signal 6; alone, i.e., in the symmetric equilibrium where
a; = a, we have 0; ~ N (0, (1 — @)o?) and (1 — a)? < 1—a < 1] To close the equity market

equilibrium, it remains to characterize the ex-ante information acquisition strategy «;.
2.1.3 Equilibrium in Information Acquisition

Agent i chooses the signal’s informativeness «; to maximize her ex-ante utility. To obtain a
first-order condition which allows to show that an increase in the equity market’s size, K, leads
to more information acquisition in equilibrium, it is convenient to express the ex-ante utility

function in terms of means and variances. In Appendix [A] we show that, given the firm’s stock

13Gee section m
[N |

14That is, each given error &, is removed from an agent’s private signal with probability ™~
Varf, =Var((1 — a) Y., ey &n) = (1 — @)?0>.
16Recall that agents cannot remove all errors from their signals, i.e., o € (0, 1).

10



supply K, ex-post asset demand , and the distribution of equilibrium prices implied by @,

the agent’s ex-ante choice of an optimal information acquisition strategy, «;, can be written as:

_ (91‘*?)2 +’yC(a')
minEe 20-ai)o? e (8)

In Appendix [B] we characterize the comparative statics of information acquisition implied by
)

Lemma 1. Increases in the equity market’s depth |K| raise private information acquisition,

a(|K]), and the price signal’s precision TR

Lemma (1| describes how the announcement of different capital plans (K, B) influences the

price signal’s precision and therefore the strength of the informational externality.m

2.2 Debt Market

Analogous to the equity market, the bond market has a unit measure of CARA investors, and
prices are determined by market clearingm The debt holders’ return on the portfolio equals
bjp(0), where p(-) is the net return on debt. If the true fundamental, 6, is greater than 0,
implying that the firm is solvent, the net return is R. If the true fundamental is less than 0,
debt holders get the fire-sale/liquidation value incurring a loss L:

R 1f6>0

p(0) =
—L ifo<o.

Demand b;l (+) for bonds solves the utility maximization problem conditional on the available

information:
b? (R) = argbmaxE[—e—ij(R)p(e) ]
= argmax (— Pr(8 > 0 [p)e ™" — Pr(9 < 0[p)e™).
bj

That is, agents rely on the stock price signal to calculate the bankruptcy probability 1 — m,,

which depends on the unknown value of the fundamental. Let us denote the firms’ survival

1"Note that Lemma [1| allows for negative values of K (equity buy-out) and implies that the effect on infor-
mation acquisition is symmetric. In equilibrium, the optimal capital structure always involves positive levels of
K, as we show in Lemma

18We provide a more general specification of the bond market in Section

11



probability conditional on the price signal by Pr (6 > 0 |p) = m,. Thus

E[—e 7?O%] = —m,e " — (1 — 7,) 7205, (9)
We solve the first-order condition

myyRe " — (1 — ) yLe™ =0

to obtain the demand function

d B 1 TR
R = TR oL

(10)

The demand for bond decreases in risk aversion (7), the loss due to liquidation (L), and
the conditional probability of bad outcome (1 — 7,). The influence of R is twofold: its increase

implies higher returns on debt, on the one hand, but higher risks, on the other.
2.2.1 Debt Market Equilibrium

For a given supply of bonds, B, the debt markets’ equilibrium condition writes:

/ b/ (R) =B
Jj€l0,1]

1 T R
EN 1 P =B
yR+L) (I-m)L

R T
In— +1 P
(:)DL+H1—7T

p

—yB(R+1L). (11)

From we have the implicit expression for the equilibrium return on debt:

InR=~B(R+L)+InL—In—2—. (12)

Figure |2| illustrates that the equilibrium condition has two solutions R; and Ry. Where
the lower interest rate equilibrium, Ry, is stable while the high interest rate equilibrium, R,

is unstablem In what follows, we focus on the stable equilibrium. Regarding the stable

191¢ is possible to check that increases in the rate of return increase (reduce) demand in the low (high) interest
equilibrium. Hence, the low (high) interest equilibrium is Walrasian stable (unstable). See [Samuelson| (1941),
pp- 102-106, for a discussion of the Walrasian market mechanism.

20Tf the price signal is negative and sufficiently low, or the bond supply is sufficiently high, the bond market
may not clear at all. That is, the ex-ante plan (K, B) of the firm, may be ex-post infeasible. This possibility,
could be incorporated in the firm’s ex-ante optimization problem. It would, however, be unrelated to the
informational spill-over which we emphasize in this paper, and we omit it therefore.

12
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Figure 2: Debt market equilibria: for a financially stable firm (6 > 0), increases in the stock
price signal’s precision («) increase the inferred survival probability (m, > m,) and reduce the
interest rate (R} < Ry) in the stable equilibrium.

low-interest equilibrium, we immediately obtain

Lemma 2. The stable equilibrium rate of return R decreases in the firm’s survival probability
Tp, and increases in the loss L, debt supply B and risk aversion 7.

2.2.2 Effect of the Stock Price Signal

We recall that increases in stock investors’ information acquisition o make the price signal

0p =04 (1 —a) ), oy & more informative. Consequently, we have the following

Proposition 1. The cost of debt decreases (increases) in the amount of acquired information
a when the fundamental 0 is positive (negative).

Proof. For the stable equilibrium we have g—f < 0 and therefore

ORdr _ OR 0 Pnenén 06 = icn >
or 0a — om ((l—a)a+ eaN )(1—a)2o—201f920‘ U

Figure [2] illustrates that, if # > 0, increases in the stock investors’ information acquisition

reduce borrowing costs.

3 Capital Structure

In this section, we study how the informational spill-over relates to the choice of an optimal
capital structure. We analyze the general equilibrium, where agents choose their information
acquisition strategy as described in Section [2.1.3 such that the informativeness of the price

signal varies with different capital structures. In this setting, every capital structure choice

13



implies a distinct informational environment. This endogeneity induces the firm’s management
to issue more equity and less debt than it would if the informational spill-over was exogenous.
That is, an optimizing firm chooses its capital structure to amplify the price-signal’s precision,
which reduces its expected borrowing costs.

The firm’s management is assumed to be risk-neutral. Moreover, it requires external financ-
ing I > 0 which it can attract by selling equity/shares K and debt B. The firm announces
its ex-ante optimal capital structure K, B at t = 0, before markets open. That is, the firm
will choose its optimal capital structure subject to the anticipated informational interaction
between both markets described above. We study a management that believes with certainty
that the firm will not default (# > 0) and place no further restrictions on beliefs. The expecta-
tion operator associated with the management’s beliefs is denoted E/[], where the superscript

f refers to the firm |

3.1 Optimal Capital Structure with Endogenous Information

The firm minimizes expected capital costs C' = (E/[] — E/[p]) K + E/[R]B subject to the
financing constraint I and the financial market equilibrium. In particular, the firm chooses its
capital structure in anticipation of the positive relation between the market depth K and the
informativeness of the price signal described in Lemma [I] Taking into account the equilibria

in bond and equity market, the firm’s optimization problem reads:

winC (K. B/[p], B[R], ) = minB/[(6 ) K + R (13
subject to:
revenue constraint E/p]K + B=1
equilibrium in formation acquisition o = a(K) (14)
equity market equilibrium p=~0,—(1—-a)’K,
\ debt market equilibrium ImR=~vB(R+L)+In L(lﬂ;p’rp),

2n equilibrium, stock and bond investors can invert the optimal plan (K*, B*) and solve for the manage-
ment’s prior E/[f]. As we point out in the introduction, we assume that the management’s prior is uninforma-
tive (to investors), to separate the impact of information spill-overs from stock prices from the signalling effects
(Footnote j that were studied in previous papers.
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where the conditional survival probability for the firm is m, = ® ((1701;{ )O_>. To study we

reduce it to a problem in K:
minC (K.p.R.a), st p=p(K.a), R=R(I-EflK.a), a=a(K), (15

which yields the main result:

Proposition 2. In the endogenous information setting the firm issues more equity and less
debt to internalize the informational externality that stock prices exert on bond yields.

Proof. The first order condition:

dcoC  0C da

Ak ~ 9K 9a oK’
shows that the capital cost minimization problem consists of a direct effect 2 T4 K, and an indirect
effect gg g}‘é, which represents how the informational content of prices changes with the capital
structure. In Appendix , we characterize the properties of the direct effect, g}c{’ which describes
the capital structure problem for any exogenously given information structure «. In particular,
we show that, if the revenue requirement [ is sufficiently high, there exist values K* > 0 and
B* > 0, for which g—l(’; = 0; and K* > 0 and B* > 0 represent a global cost minimum. To
prove that the firm issues more equity and less debt in the endogenous information optimum,
such that K** > K* it remains to show that to show that gc gfg < 0 at K*. That is, if
%l e = 0+ %g—;’é < 0, then the firm issues more equity and less debt to internalize the

informational externality. Regarding this externality, we note that

(16)

@8_04 B oC B oC  OES [R]K OB/ [p] 0a  9C da
oa 0K  \OEf[p] OE/[R] OB da 0K ' 0a 0K
Differentiation of the constraints in yields a more explicit expression:
oC Oa OR , Oa OR O«
= EM - f
daor ~ B Lt R gp Bkt e + BEIG o) (17)

From Proposition [I] Lemma [4] and Lemma [2, we know that (i) K* > 0 such that information
acquisition is increasing in K: d > 0, and (ii) the expected equilibrium rate of return on debt

decreases in the price signal’s premswn 9% (). Thus we can estimate the sign of , at the
exogenous information optimum K* Where gg =0, as:
OR Oa OR O«
—(1+E[R+ 5B )yo* == K"+ E/[-————|B* < 0 18
~ ~~ /\/
+ + -

where the negative sign in is ensured if the financing requirement [ is sufficiently high,

such that, by Lemma[d] B* is positive. Hence, at the exogenous information optimum we have

g; (K*) < 0, and an increase in K from K* towards K** decreases capital costs. O]

That is, reflects that if the firm takes into account that every capital structure is

associated with a particular information structure, it issues more equity and less debt since a

15



marginal increment in equity (i) increases information acquisition and thus allows to sell the
equity in place, K*, at a higher price and (ii) reduces borrowing costs since debt holders rely
more heavily on the price signal, which is on average positive since the expected fundamental is
positive Ef[0] > 0. More precisely, the first term in Q) (1+E/[R+ %B*])VUQS—%K *, reflects
that increases in capital supply raise information acquisition, which increases investor demand

such that a given stock supply K* can be sold at higher prices. The term E/[R+ g—gB*] reflects

that this increase in prices allows to reduce debt, which, in turn, reduces borrowing costs on the

OR da

50 o7c)B* is the information externality from stock

remaining debt B*. The second term, E/|

price signal to bond yield which increases in the stock market’s size K.

4 Discussion

A number of our previous assumptions were made to facilitate a parsimonious exposition.
In this section, we reflect on our assumptions and replace some of them to demonstrate the
robustness of our findings. First, we discuss the assumption that the stock market rather than
the bond market is the main source of public information. Second, we show that the firm’s
dividend 6, and thus the survival probability w(6# > 0|p), can be derived from a consistent
budget constraint. Third, we present a more general specification for the bond market. Finally,
we show that our finding that the stock price’s informational content increases with the market
size | K| also obtains for the standard noise-trader equilibrium of |Grossman and Stiglitz/ (1980,

1976)) and [Hellwig (1980)), where equity investors can condition on prices.

4.1 Direction of the Spillover

As it is, the model structure immediately implies that the stock market signal influences the
bond market equilibrium. In principle, it is possible to construct an alternative model where
bond investors research the firm’s financial health and stock investors use the equilibrium yield
to infer the firm’s fundamental. Alternatively, we could study the intermediate case where both
P and R carry information. While such an analysis is possible, we believe that the current
specification, where the stock price signal influences bond yields, is likely the most relevant one:
(i) empirically we find that, even though many firms operate with a capital structure, where

the value of the debt far exceeds the value of equity, it is the stock price and not the yield of

16



i formation
rent

Figure 3: Incentive to acquire information in the debt market (D) and in the equity market (E)
as a function of the prior ;.

a bond (of some reference maturity) that is published most prominently in the media/?| (ii)
Technically, we find that the stock price tends to be more informative than the bond yield in

the following sense{>]

Lemma 3. The incentive to acquire information for equity holders, and therefore the informa-
tiveness of the stock price signal, is independent of the firm’s expected financial health 6y. The
incentive to acquire information for bond investors is hump-shaped and vanishes as 6y becomes
either large or small.

Proof. The first part follows immediately from the fact that the first order condition (27)),
which describes the equity investor’s incentive to acquire information, «, is independent of
the firm’s expected fundamental 6. The stock price signal’s quality, m, is therefore also
independent of ;. The proof that bond investors have no incentive to acquire information, if
the firm appears to be either very healthy or seems to be bankrupt with near certainty, relies
on the coarseness of the pay-out profile of bonds. Unlike stock investors, whose payout at the
margin depends on the precise value of the fundamental #, bond investors are only interested

to asses whether the firm is solvent (# > 0) or insolvent (6 < 0). The formal argument is given
in Appendix O
Broadly interpreted, Lemmal[3]indicates that stock prices, unlike the bond yields, are a “reliable”
source of information “at all times”. In terms of modeling assumptions, we therefore find that
a sufficiently large 6y, which is accompanied by a small fixed cost of information acquisition,
ensures that it is optimal for bond investors to rely purely on the stock price signal even though

they could, in principle, acquire information on their own.

22Gee Footnote

ZIn a different context, [Dang et al.| (2009) derive a related result which indicates that the pay-out profile
of bonds has the consequence that risk-neutral bondholders have less incentive to acquire information than
investors who own other assets. While this “information insensitivity” property makes debt attractive in the
model of Dang et al.| (2009), it makes debt unattractive in the present model.
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4.2 The Firm’s Resource Constraint

To simplify the exposition in the main text, we treated the firm’s dividend # as independent
of the capital structure. In this appendix, we modify our model to incorporate a consistent
budget constraint.

The firm’s financial strength Y allows it to service the debt RB and to pay a dividend of 6

per share:

Y RB
Y = K6 B = — — —. 1
+ R & 7 e (19)

The equilibrium price for a share is thusﬁ
p=E[f] —~(1 - a)o’K. (20)

In Appendix [D.I, we show that the informational externality, which induces firms to issue
more equity and less debt, also obtains once dividends #, and the firm’s survival probability

7(0 > O|p), depend on the interest rate as in (19).

4.3 Alternative Bond Market

In our baseline model, bond demand is derived from a CARA utility function. However, for
our result to obtain we only require that bond demand is given by a continuously differentiable

function:

D D D D
0B dB _ 0B” Or 00 n 0B -0, (21)

D _ pD D T Ao apAap
BP = BP(7(0 > 0[p), R), 7 -0 g or 99OR = OR

where 6 is defined as in (19). The assumptions regrading the demand function’s derivatives

indicate that for every given interest rate, demand increases in the firm’s survival probability.

Moreover, increases in the rate of return increase bond demandﬁ Put differently, we assume
dBP ar 96

that the increased return R outweighs the decrease (5—375% < 0) in the probability with

Z4Note that R=R(p), where p is known at the time when trade happens (ex-ante, the incentive to research
theta is not affected by R(p)B, since investors only search for the part % which is unknown at the point in time
when they trade (conditional on p, which fully determines R(p)). Moreover, note that § = % — % vanishes in
the difference 6; — p, in the information acquisition problem . Hence, for the alternative budget constraint,
the positive relation between the informativeness of stock price and equity supply K can be derived as before.

25This second assumption is equivalent to the assumption that the bond market equilibrium is Walrasian

stable.
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which 6 > 0. In equilibrium, where B° = B, we have

OR OR
BP(r,R)=B << R=R(x(0>0|p),B)>0, —>0 — <0. (22)
0B on
Where the signs of g—g, and % follow from 1) Again, we show in Appendix that the

informational externality, which induces firms to issue more equity and less debt, obtains if

and characterize bond demand.

4.4 Conditioning on Prices

Our result relies crucially on the fact that the stock price signal’s precision increases with the size
K of the stock market. In our baseline model, we derived this result for a stock market where,
for simplicity, we did not allow equity investors to condition their demands on stock prices. In
Appendix [4.4] we show that this result also obtains in the standard?%|linear CARA-normal noise

trader equilibrium where equity investors can condition their demand functions on the infor-

0:,p] }

mational content of prices. That is, the demand function k; = arg max {E [—6_7(9_17)’“

also incorporates the price signal p and not just the private signal 6;.

5 Conclusion

The present paper provides a simple equilibrium model in which a firm’s stock price serves as a
costless rating device for investors who buy its debt. The main motivation for our analysis lies
in the observation that stock investors, as opposed to rating agencies, which rely on fees from
the firm’s they rate, have no incentive to misreport their information on the firm’s financial
health. That is, they do not buy stocks at inflated prices to mislead bond investors.

To study the spill-over from stock price signals to bond yields, we have assumed the perspec-
tive of a firm that minimizes its capital cost subject to the informational connection between
bond and stock market. In a first step, we have shown that, for a given information structure,
firms that are financially strong benefit from an informative stock price which communicates the
financial strength of the firm more clearly to bond investors who rely on the stock price signal
to infer the firms’ default probability. In a second step, we endogenize the strength of the infor-
mational spill-over. In an economy where equity investors can choose how much information to

acquire, we find that an increase in the amount of equity issued incentivises stock investors to

26See |Grossman and Stiglitz (1976, [1980), Hellwig| (1980), and |Angeletos and Werning| (2006).
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research the firm more carefully, which increases the stock price signal’s precision. Hence, the
strength of the informational spill-over varies with different capital structures. Consequently,
the firm can, through its capital structure, internalize part of the informational externality that
stock prices exert on bond yields. Firms with a strong fundamental will therefore issue more
equity and less debt, than they would if the informational spill-over did not exist, to generate
stock price signals which communicate its strong financial position on average more clearly to
bond investors.

In one interpretation, the firm’s capital cost minimization problem is simply an exposition
device, which helps to illustrate how a firm’s stock price interacts with its borrowing costs
through its informational content. In a different interpretation, the current paper complements
the literature that studies a firm’s optimal capital structure in models with default and asym-
metric information. It suggests the role of competitive markets as information aggregation

devices as another aspect, which shapes a firm’s financing decisions.
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A Appendix

To show that ex-ante utility of an agent i writes EU; = E[— exp (—2(({9:?;; +~C (o@)] as in

(8), we note that by the law of iterated expectations we have:
E[Ui] = E[(EU; [6;)]

where the equity holder’s utility in expectation, after a signal 6; was received (ex interim),

writes:

E[U6:;] = E[U ((0 - p) k{ (p) — C () 16,]

@ B (05 ol = Cla) ) I (23)

By (3), the true 6 is normally distributed around the signal 6;, 8 ~ N (6;, (1 — ;) 0). Recalling
the utility function ([1)), we rewrite as:

E[U; 0] =

= —exp (1Bl0 ) ot~ Clan o] + Svarl TS )

1 —a;)o0? 1 — o) yo?

N G Gy ) RN ol G et S RVPR o
- p<( + 2 ) - +vo<z>>

— e <_% +AC (@) . (24)

If we take expectations with regard to 8; — p, then becomes , which is what we needed
to show. To work with , we note that it follows from and @ that

;i —p=0;— (6, — (1 — a)y0’K)

=60+ Z En — (6’—1—(1—@)2571—7(1—04)02}()

’I’L:N/NZ neN

= Z Sn—(l—a)Z§n+7(1—a)02K.

n=N/N; neN
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We therefore have Var(0; — p) = (a;8% + o?3;) 0%, where 3 =1 — « and 3; = 1 — «;, and the
difference 6; — p is normally distributed with §; — p ~ N (v80%K; (c; 3% + o2 3;) ?).

B Proof of Lemma [1

(9—r)* oi82+a?B;
. — +vC (i . — = i g2 Cl(ay
minEe ™ 202 Y Z pinEe " o ) (25)

Qg g

where, the difference 6; — p is normally distributed, 6; —p ~ N (7802 K; (c; 3* + o%f3;) 02), with

2 .

B=1—aand 5 =1— ;. Accordingly, 2% = % follows a noncentral y2-distribution
. . 2k)? 2

with one degree of freedom and non-centrality parameter (ai(gf;Q 6) o7 = a‘}fj‘fg 5 = A. We can

therefore use the moment generating function, Eeb? = (1-— 2b)7% e%, for the noncentral x?

2
distributio with b = —%ﬁ?‘%, and \ = %, to rewrite problem as:

min (1 - 2b) "2 eT5 ¢ p = p(a,). (26)

The first-order condition:

(AU + X'b) (1 — 2b) + 270V
(1—2b)?

(1—2b)77 Yerm™C@) | (1 — 2p)~2 ermtC(@) (

7 (Oéz‘)> =0,

rewrites as:

/

1—-2b

(1 - 2b)"7 erm t1C() (b’ +Nb+ + 4 C () (1 — 2b)) ~ 0. (27)

The interior optimum@ described in allows to study the comparative statics of information

acquisition:

Lemma Increases in the equity market’s depth |K| raise private information acquisition,

a(|K]), and the price signal’s precision W

Proof. Denote the left-hand side of by F (a;, K?). In equilibrium, equation is an
identity, implying that F (c;, K?) = 0. The effect of the market depth |K|, on the equilibrium

2 2
“oby— K _ M 2
MR — L febzze_uw)? g — fe‘wdz _ e (vi== @) L o
T Ver = Von = 7= =
2
2 VI—2bz—
Tl ( \/m) W20
e [t T A (VT 2h2) = e
. e . - ) D)—Clas
280Qur assumption that a complete elimination of errors is prohibitively costly, hml%g(a) — oo, ensures
oy — i

that (27)) has an interior solution.
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a;, now follows from the implicit function theorem:

do; OF (o, K?) ,0F (0, K?
ai _ OF (o )/ (cui, )>O. (28)
dK? 0K? oq;
To see that (28)) is positive we note that: the numerator is negative since it follows from ([27))
oF ai,KQ / / .
that 29 E?T?) _ ( Qb) 3 625 1+70(az)K2(/\1b_2b) +F (%,KQ)m < 0, since b = 5;2 <
—_———

=0
0. That the denominator of is positive follows from the second-order condition, which

. . OF (a,K? . . .
implies that % > 0 at the optimal «. Therefore, we have dd% > 0, and increases in K?
result in a reduced variance of the private signal (1 — ;) o2, i.e., more information acquisition.

To show that the inverse of the price signal’s variance, i.e., the precision m, increases

with «, we recall that o € (0,1) is ensured by the cost function C'(«). Consequently, we have
> 0. O

1
N asuyz?)
dK

C Optimal Capital Structure: The “Direct Effect”

In this appendix, we characterize the direct effect 80 The firm minimizes expected capital
costs

minC (K, E/[p], B/ [R], o) = min(B/[0] — E/[p)) K + B/ [R]B (20)

)

subject to the market system:

(

revenue constraint E/pl K+ B=1
equilibrium in formation acquisition o = a(K) (30)
equity market equilibrium p=0,—(1—-a)’K,

| debt market equilibrium InR=~B(R+ L)+ In 2= ﬂp)

where the conditional survival probability for the firm is m, = ® (W) By substituting for
the level of debt B = I — E/[p]K, Problem . becomes a problem in K alone:

minC (K,E/[p|,E/[R],a), st. p=p(K,a), R=R|I-EpK, a]. (31)
K ———
B

Where p (K, a) is the solution for the equity market equilibrium (6], and R (B, ) is the stable
bond market equilibrium . The first-order condition for the cost minimizing K*, which

29Note A is linear in K?; thus, % =25
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leaves out the indirect effect %g% is therefore: Differentiation of constraint , yields

oC

oK ~

OR OR
_ 2 RS _E 9IRS —
2(1 — a)yo*KE [1+R+ 3 B} E’[0|E [R+ 5 B] 0. (32)

Before we show that locates one global and potentially several local minima, we char-

acterize certain properties of the solution (K*, B*) implied by (32)):

Lemma 4. For any positive revenue I, the optimal level of equity K* is positive. If the financing
requirement I is sufficiently large, the firm always relies on both markets to raise funds and we
have B* > 0 and K* > 0 at the optimum.

Proof. See Appendix O

While Lemma [4] establishes that the firm issues positive quantities of debt and equity at the
interior optimum if the financing requirement [ is sufficiently large, it leaves open the question
whether there are corner solutions. To complete the characterization of the solution, we note

that all possible minima (local and global) are finite:

Lemma 5. The capital cost minimization problem has a finite global minimum.

Proof. See Appendix O

D Proof of Lemmas 4 and [5

We recall the target revenue constraint E/[p]K + B = I, the equity market equilibrium p =

6, — Byo?K with 3 =1 — «, and the debt market equilibrium In R = yB (R + L) + In L(lﬂ;p””)
to rewrite

oC oC oC  OE/[R] OE/[p] oC  OE/[R]

—— — 9 — Ef — — Efp] =

o~ B =B+ (8]Ef ]~ OEF[R] 0B ) ok oEE op - wl =033

as:

- &7l — Bl - &R )+ (i - B (R - B i) (<no) - 525 Haryy

=E/[0) — E'[p] (1 + R) + By0? <1 + R+ a]Ea;[}R] B> K — B%Ef[p]
!
=E/[0] + (By0°K — E/[p]) (1 + R+ &%—émB)

30See Appendix |§| for the derivation.
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= E'[0] + (28y0°K — E/[0]) (1 + E/[R] + %B) = 0. (34)

Proof of Lemma First, to prove that K* is positive if I > 0, we show that the first
order condition (34]) is violated for any K < 0. Namely, we show that the derivative is strictly
negative at K < 0, that is, issuing more equity reduces capital costs.

We rearrange the terms of as follows:

ac o, OR ;oo OR ]
= = 2070°KE {1+R+833] B/ (6B |R+ 5 B| =0. (35)

The first term 28v0?KE/ [1+ R + %% B] is non-positive for K < 0 since we know (i) from

Lemma (debt market equilibrium) that R > 0 and 2& > 0, and, (ii) the revenue constraint

implies that B > I > 0 for K < 0. The second term of , E/ 0] ES [R + g—};B], is positive

as long as K < 0 since E/[f] > 0. Hence, j—g is negative for K < 0, implying that the cost

minimizing K* is positive.

Next, we show that B* > 0, if the financing requirement I is sufficiently high. To show this,
we note that it follows from the revenue constraint I = Ef[p]K + B, the price function Ef[p] =
E/[0] — 702K, and the assumption E/[§] > 0 that if B < 0, then E/[p] > 0 and K > 0F]]
It therefore follows from that we have ¢ = ZBWGZﬁEf [1+ R] —E/ [0]E/ [R].

W|B=0,K=ELP
One can now show that for every given expectation E/[f] > 0, a sufficiently large financing

dc

requirement [ ensures R | B=0,Fc

; > 0. That is, a reduction in K, which implies an increase
Ep

in B, reduces capital costs such that B* > 0.

Proof of Lemma We use the target revenue constraint to eliminate B from :

= BI[0) + (2070°K — B0))(1+ Y[R+ O](1 — KE/[p)

= E/[0] + (280 K — E[0))(1 + Ef[R + g—g]u — K(E7[0] — Byo’K))). (36)

In equation , K3 is the largest exponent, and it has a non-negative coefficient 2 (ﬁ702)2 % >
0. Derivative is therefore positive as K — +ooﬂ Moreover, we know from Lemma 4| that

31By contradiction, we find that an allocation where Ef[p] < 0 and K < 0, such that I = Ef[p]K > 0, is
impossible since we have assumed that E/[f] > 0 such that Ef[p] = Ef[§] — By0?K > 0 for K < 0 which
contradicts the initial assumption that Ef[p] > 0.

321 2 (Byo? > OR _ () then the largest exponent is K with a coefficient that is positive.
0B
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is negative for K < 0. The continuity of then ensures that it must equal 0 at (at

least) one positive finite K*, which is a solution to the first order condition.

D.1 Informational Externality with Budget Constraint

In this appendix we derive the informational externality for the modified specifications given

in Sections The capital cost problem:

rII(HJ?C I}{llélE[(@ —p)K+RB| st. I=pK+B (37)

is equivalent to

Ilr(llgo I}glélE[(@ E[f] +~(1 —a)o’K)K + RB| st. [ =pK+B (38)
. . . o 272 _
Ilr(l}lglC = r[r(l}élE[y(l a)o*K* + RB} st. I =pK+ B. (39)

From (39), we calculate:

ac [8(J+ oC 3(1—04)}
dKk  TloK 01 —a) 0K

(40)

where the externality 8(‘3?&) 6%;{“) induces firms to issue more equity and less debt since
oC I(l—a) , Oc OR OR (1 —a)
d1—a) 0K B||x gt ET gD+ 8(1—@)3} oK (41)
R 90  I0(1 —«
(R+8_BB)8(1—a) <5K )K} <0, c:=v(1—-a)’

The first term EHK2 g+ R+ 95 B) + aR BH BKO‘) < 0in is identical to the

effect from the baseline model. The second term, E[ —(R+ g—};B)a(ffa) 8({19[—;%) K] < 0,

originates for the budget constraint . It is negative since one can show that R > 0,

OR
9k 0, 2= < 0, and E[ b ] = E[—M] < 0 since E/[0] > 0. Hence, the reduction

—a) K

in borrowmg costs allows to increase dividends, which increases the price at which shares sell

80 9(1—-a)
(l—a) OK

K > 0. In turn, the firm can sell fewer bonds, which reduces interest expenses — R.
Finally, the reduction in borrowing reduces interest costs on the outstanding debt —g—gB .
Adding a budget constraint, , therefore amplifies the conclusion that the firm issues

more equity to internalize the informational externality that stock prices have on bond yields.

33Note that R = R(m, B) = R(7((1 — a)(K)),I — 0K + cK?).

26



References

Admati, A. R., DeMarzo, P. M., Hellwig, M. F., and Pfleiderer, P. (2010). Fallacies, irrelevant
facts, and myths in the discussion of capital regulation: Why bank equity is not expensive.

Preprint Max Planck Institute for Research on Collective Goods, (42):1-60.

Albagli, E., Hellwig, C., and Tsyvinski, A. (2011). Information aggregation, investment, and
managerial incentives. NBER Working Paper, (17330):1-36.

Angeletos, G.-M. and Werning, I. (2006). Crises and prices: Information aggregation, multi-
plicity, and volatility. American Economic Review, 96(5):1720-1736. [1] [26]

Atkeson, A. (2000). Discussion on morris and shin. In NBER Macroeconomics Annual, pages

161-170. ed. Bernanke, Ben S. and Kenneth Rogoff, Cambridge, MIT Press.

Calomiris, C. W. and Kahn, C. M. (1991). The role of demandable debt in structuring optimal

banking arrangements. American Economic Review, 81(3):497-513.

Dang, T. V., Gorton, G., and Holmstrm, B. (2009). Ignorance and the optimality of debt for
the provision of liquidity. Working Paper, pages 1-43.

Green, J. R. (1975). Information efficiency and equilibrium. HIER Working Paper, (284):1-29.
1 2

Grossman, S. and Stiglitz, J. (1976). Information and competitive price systems. American

Economic Review Papers and Proceedings, 66(2):246-253. , , , ,

Grossman, S. and Stiglitz, J. (1980). On the impossibility of informationally efficient markets.

American Economic Review, 70(3):393-408. [1], [12] [4] 26]

Harris, M. and Raviv, A. (1990). Capital structure and the informational role of debt. Journal
of Finance, 45(2):321-349. [1] [6]

Harris, M. and Raviv, A. (1991). The theory of capital structure. Journal of Finance, 46(1):297—

355. [T

Hellwig, M. (1980). On the aggregation of information in competitive markets. Journal of

Economic Theory, 22:477-498. [1] [12] (] [26]

27



Hellwig, M. (1982). Rational expectations equilibrium with conditioning on past prices: A

mean variance example. Journal of Economic Theory, 26(2):279-312. {3] |12
p Y,

Morris, S. and Shin, H. S. (2000). Rethinking multiple equilibria in macroeconomic modeling.
In NBER Macroeconomics Annual, pages 139-161. ed. Bernanke, Ben S. and Kenneth Rogoff,
Cambridge, MIT Press.

Morris, S. and Shin, H. S. (2004). Coordination risk and the price of debt. Furopean Economic
Review, 48(1):133-153.

Myers, S. C. (2001). Capital structure. Journal of Economic Perspectives, 15(2):81-102.

Raiffa, H. and Schlaifer, R. (2000). Applied Statistical Decision Theory. Wiley Classics Library.
20

Samuelson, P. A. (1941). The stability of equilibrium: Comparative statics and dynamics.
Econometrica, 9(2):97-120.

28



A Separate Appendix
A.1 Conditioning on Prices

In the present appendix, we show that our analysis also obtains in the standard@ linear CARA-
normal noise trader equilibrium where equity investors can condition their demand functions on
the informational content of prices. Regarding information, agents receive noisy private signals
0; = 0 + 0,&, where idiosyncratic noise &; is i.i.d. across the population and & ~ N(0,1).
Moreover, agents hold an uninformative uniform prior. Noise trader activity, o.e, € ~ N (0, 1),
ensures that prices are only partially revealing. To characterize the market price signal, we
proceed in three steps. First, we guess that there exists a linear price function, p = 1m0 +
n2€ + c¢. Regarding 6, this function is informationally equivalent to a signal Z = ]"n;lc =0+ %5,
which reveals the true fundamental with precision o, = % Second, given this price function,
we characterize individual demands based on the information 6;, Z and calculate the market

n 2 1

equilibrium. Finally, we determine the ratio S A8 Qg
2 5

That is, price signal Z indeed

2_1
Ty

partially reveals the true fundamental 6 with precision o, = «

Demand Agents choose their optimal demands k; for the asset to maximize expected CARA

utility ]

ki = argmax{E[—e 7Pk |9, 7]}

k;

= arg maX{e'YE[(e_P)kiwuZ]—g‘/ar[(e—p)kiwhz}}

2
x 4 1
= arg max{v(a—ﬁi My pk; — 7—191-2—}, a=a;+a,
k; « o 2 '«

and the individual demand function writes:
Quf) 4 Q=g

i Oé_l’}/

34Gee (Grossman and Stiglitz| (1976, |1980), Hellwig| (1980), and [Angeletos and Werning| (2006).
35Gee [Raiffa and Schlaifer| (2000), p. 250, for the standard results on prior and posterior distributions of
normally distributed variables which we use in the following.
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Equilibrium Aggregate supply K° = K + 0.¢, is unobservable and distorted by noise-trader
activity e ~ N (0, 1)@ From , we find that aggregate demand K7 is:

KD = / hdi = e~ o= P (43)
[0,1] a

Equilibrium requires that:

KP=K5 & = o =K +o.¢. (44)

To close the argument, we now resubstitute Z = ’% and calculate the ratio § = . First, we

2
solve for p to obtain:

Oy o —a- — Ky
b= a 0 — 1 Eoc €+ = a . (45)
o — =z o — =z o — =z
m m m

Comparison of with our initial guess, p = 110 + 126 + ¢, indicates that 7, 7o must satisfy:

Oy o VOe
a— [ 9 ?72 - o — Qg )
m 1

m = o= oy +a,. (46)

2
To determine 1y, 7., we define g = % and note that a, = Z—%, which follows from the definition
2

A4 f"n;lc =0+ Z—fe. Rewritin now yields § = —a,——, and, therefore o, = 52 = o2 -4

252
Yoe’ Ty2og

That is, the agent who observes p, and knows the coefficients of the model, can calculate

Z = % =0+ %5, which is equivalent to:

7 =0+, vo.e. (47)
Accordingly, Z reveals the true fundamental ¢ with precision a, = ,;2"2233 Finally, we note that
m=1,1m=—/a,,and c= _TM Accordingly, p =60 — \/a.e — %

A.2 Information Acquisition
Agents’ use their information 6;, Z to infer § with posterior mean E[0|0;, Z] = ¢; = %0, + Z—:Z

. . 2 K .
and precision a; = o, ; + o, where o, = ﬁ—;g To calculate ex-ante utility of o, ;, we write:

IE[U] _ E[_e—vki(H—p)Jer(%,i)] — E%p[E[_e—vki(G—p)ﬂC(%,i)

Yil]

2 2
= E,, ,[—e TEE-PkliHG Varl@-philpidirClend] = |, [—e Wikt Ta; "k +1C )]

36That is, the firm’s supply K is known. The position of noise traders o.¢ in the asset is unknown.
3TWe note that 1y = %1 such that 7y = — 2% is equivalent to n; = —f”—ii. At the same time, we have

n1 Tm
Qg

m = %%=. Hence, —fjiiiz = %% and thus 3 = —a, .
1 n1 n1 Vo
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Using , we can rewrite this such that the choice of an optimal information acquisition

strategy o ; is the solution to:

_wip? Claz,:)
minEle > 7, C'()>0, C"()>0. (48)

Qg g

To work with , we recall that p =60 — \/a,e — %, and note:

Qg g K Oy i K

bimp= G+ Z-0+va e =L = S0+ 0,08) + = (00.e) — O+ Ve + —
Qg g Q, K7

= —0gi{ + —0; €T —. 49

&iaf—l—aiae—i—\/as%— o (49)

Accordingly, (wi— )~ N(Ex Qo +(‘/@+,/az) ). Asin Appendix we define y; = 1);—p, such

a a
that I'2 = K22 1

of TRy /a2

o

Once we define b = \/a“ (Voo + a;y/az)?, as in Appendlx I the MGF allows to rewrite

([13) as

min (1 — 2b)7% erom 0 p = bag.i). (50)

Qg g

= T( follows a non-central x? distribution with parameter A =

The evaluation of is now parallel to that in Appendix , and it follows from the definition

of b that % _ ~ () and hence d% > 0.

Qg 4

A.3 Incentive to acquire information in the Bond market

To show that the bondholder’s incentive to acquire information is hump shaped, we examine the
ex-ante utility of a bondholder who observes 6y = 6 +&. As in the baseline model, this investor
can reduce the error contained in 6y, i.e., she can choose the “precision” «; > 0 with which
she observes the firm’s true financial health 6 through the signal ; = 0y — a;§ = 0 + (1 — @)€.
That is, she can choose the conditional distribution 6|6; ~ N (6;, (1 — a;)o). For simplicity, we
set the loss L which investors incur if the firm defaults to one, such that the ex-ante utility
maximization problem associated with «; writes:
max B[E[U]0]] = max {E| - @(H)em ~(1- @(%»ewﬂ L
To prove the lemma, we proceed in three steps. First, we show that the expected marginal
utility of information acquisition GE[U] (y = 0y — a;§) goes to zero for all ex-interim signal
realizations &, as the “prior” 6y becomes arbitrarily strong. Second, we show that ex-ante

expected marginal utility of information acquisition, E[aE[U (y = 0y — a;€)], goes to zero as 6
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becomes arbitrarily strong. Finally, we show that the ex-ante incentive to acquire information
also goes to zero as 6 becomes arbitrarily weak. Taken together, we therefore find that the
incentive to acquire information is hump-shaped, i.e., the incentive for bondholders to acquire

information is highest for firms on the “brink of default”.

Marginal Value of Information for a given signal error ¢ After a particular signal

0; = 6y — ;€ has materialized, agent ¢ chooses b; to maximize:

E[U|6;] = @(%)e%bi - (1- @(%))evba (52)

Hence, the marginal change in expected utility from increases in the precision «; is:

0 o) Rt (on ) 2
e (R o) A E

To calculate the change in ex-interim investment, %, we note that agent i’s bond demand is

b; :1n< - ) R) 7 L Accordingly, we have:

1-® (‘)lo:aozi)i R4l
o% + ) . 55
day; ¢((1 —ai)o/ \D(fet) 1 - b(gmt)/) (1 - i)’ o y(R+1) (55)

Moreover, to show that the incentive to acquire information, i.e. and , vanishes as 6

goes to infinity, we note that, in a symmetric equilibrium where «; = «, the interest rate is

given by:
o () ! o (fis)
B=1In ( S & PR - S R. (56)

1—®@£%>)%R+D 1 s

(1-a)o (1-a)o

Once we focus on the stable equilibrium (Footnote we have limg, ..o R = 0, limg, -0 <I>( Bo—af ) =

(1-a)o

1, and, limg, o R% = ¢78 i.e., the net return R on the risky bond goes to zero as the prob-

ability of a default vanishes. Finally we note that in a symmetric equilibrium we have b; = B

for a unit population of investors.

With these observations in place it follows that limg, ¢<(910_—5i)i > (lﬁoa—_)ﬁ% <evb¢ — e Rbi) =

2
_ | fo—i& )
limg, o0 € (“7‘”)” (1€0a_i)§2a limg, oo (e”’bi —e b)) = 0 x (eVB— 1) = 0 such that , the first
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increment in utility from improved information, vanishes. Regarding the second increment, ,

we find that limg, <<I><(6;0 ;)i)e YRbi Ry — < q)((@f_—Tozi)i»ewb ) X ¢( 910 ;ci) <q)(<901 s 4

2
0p—;€
1 Oo—¢& 1 _ : : 7((1*%)0’> 0o—¢ . Op—af \ __
17(1)((30 o )) a Oa o TR 0 since we have limg, o € (170%)20_ =0, limp, o q)((lofa)a'> =
1 and, due to ‘D we also have limg, R% = ¢¥B. Taken together, these arguments show

that marginal utility 8EU (y = 0y — ;&) of o; vanishes as y = 0y — ;& goes to infinity with 6.

Strong Fundamental TIn this paragraph, we use the fact that limg, ., o 52~ 9EY (y =0p—a;§) =0

to show that the ex-ante incentive to acquire information vanishes as 6y becomes arbitrarily
strong. To this end, we assume that the bond market opens only if an equilibrium exists.
That is, we define a critical interest rate R, and the market for bonds only opens if R < R,.

It follows from the bond market equilibrium condition that R, defines a critical signal
y*(R.) = 0y — a&* and a critical signal error £*(y) such that the bond market opens only if

y >y or £ < &F, respectively. If the bond market does not clear, there is no trade and utility

is given by U = U(b; = 0). Under these assumptions, ex-ante expected utility is:

V= /; (- @(—(ﬁo__o‘zi)e%i - (1- @(—go__:")i))evbi) X e T de + /:O U(b = 0) x 5 de

Recalling the derivative , we have marginal expected utility of an increase in signal precision:

)% ¢ OEU e
S = /_OO o (y =0 — ;&) x e T dE (57)
OEU &2 OEU €2
= * — 9 i _7d - (9 1 _Td
vee [ S =m—ax e et [ - xS
OEU &2 ¢ £2
< =0 i “2d T2 dE, 58
o /—oo 8041 <y o« g) e 6_‘_/1/) yes;lpoo] 8041 ( ) ‘ 5 ( )
and hence,
lim 4 <, lim ' 8EU( =0 — ;) x e’gdf—l— lim +Oo su 8EU( ) X e*§d§
6p— 400 aO[Z 6o— 400 N aO[Z y="o ! Op——+o0 ¥ yE[y*I,)OO} aOéz y

From the previous section we recall that limg, 4 %]ET(_J(y =0y — ;&) =0 to ﬁnd

oV OEU
lim <(1—® su < £(6y). 59
ol B = (1= 2() W e (), ¥ <&(b) (59)
38Note that the supremum W is well defined since —%ﬂg is (i) a continuous function and (ii) we know from the

previous paragraph that lim,_, . %%U =0.
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Since the restriction on v is ¥ < £*(6y) and limg, o, £* = 400; we can choose an arbitrarily
large 1) such that vanishes as ¢ — oo. That is, the upper bound for the expected utility

gain from information (H9)) vanishes for an arbitrarily strong fundamental.

Weak Fundamental In this paragraph, we add that the incentive to acquire information

also vanishes when 6 is arbitrarily weak. We recall derivative :

& 2 & 2 -
= [ Sw—t—agxe s [ bxe = v (60)

oo O —o0
Where U = %%Z(y = 0y — a;€), and, U = SUDy e[+ o] %ET(Z. Since y*(R.) = 6y — a;&* we have

limgp, . " = —oo and, thus, limg,_ @@(5*(00)) = 0. That is, the upper bound for the

incentive to acquire information vanishes.
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