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Abstract

We introduce two dimensions of uncertainty, about the upside and the downside of an
asset, in a model of asset valuation under asymmetric information. This justifies capital
structures with equity and risky debt for information revelation purposes. However, a capital
structure with only one information-sensitive security, equity, can be optimal when investors
are less informed about the dimension that matters more for valuation. This is relevant for
innovative firms with a large upside subject to strong information asymmetries, which often
have abnormally low leverage, and for firms at an intermediate stage of their life cycle that

don’t issue risky debt.
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This paper considers capital structure design when assets differ along two dimensions of un-
certainty, the upside and the downside, and when different investors are informed about these two
dimensions. This is consistent with a recent literature that acknowledges that investors special-
ize and acquire limited information (e.g. Kacperczyk, Van Nieuwerburgh, and Veldkamp (2016),
Glasserman and Mamaysky (2023), Mackowiak, Matéjka, and Wiederholt (2023)).

Considering two empirically relevant dimensions of uncertainty on which different investors
are informed allows to generate new empirical implications. In particular, our capital structure
model can explain the zero leverage puzzle (Strebulaev and Yang (2013)) for innovative firms with
substantial “upside”, and the propensity of firms at an intermediate stage of their life cycle to not
issue risky debt.

We consider a simple model in which cash flows from an asset can take three different values,
so that the cash flow distribution is fully described by two probabilities. Furthermore, these
probabilities provide information about two different aspects of the distribution: the “upside” and
the “downside”. The firm has private information about these two probabilities, which describe
its asset type, and about its discount factor, which represents its willingness to sell its asset and
measures potential gains from trade. As in the seminal security design papers of Allen and Gale
(1988) and Boot and Thakor (1993), the security design problem consists in splitting claims on
the asset’s cash flows to maximize asset valuation. An uninformed market maker offers to the firm
a menu of security designs, which describe the asset’s capital structureE] If the firm accepts the
market maker’s offer and sells its asset, investors submit orders for securities, which are motivated
by either information or hedging motives. The price of each security, as set by the market maker,
is equal to its expected value conditional on observed orders on all markets.

There are two possible capital structures, with different implications for information revelation
and asset valuationE] First, there is a capital structure with only one information-sensitive security,
equity, which is exposed to both dimensions of uncertainty. Second, there is a capital structure
with two information-sensitive securities, leveraged equity and risky debt, each of which is exposed
to a different dimension of uncertainty. In this second case, there are two market prices which can
each reveal a different type of information. In any case, the firm can also use riskfree debt, which
is information-insensitive and does not have implications for asset valuation. A priori, one might
think that it will be optimal to create two security markets to maximize information revelation
and minimize adverse selection.

The first step is to study how the asset’s capital structure will affect the valuation effect of
investors’ decisions. Even though there is more information revelation with leveraged equity and
risky debt, the expected market value of a high-quality asset on both dimensions can surprisingly
be higher when equity is the only information-sensitive security. Intuitively, suppose that the
upside matters more for asset valuation but investors are more informed about the downside of

'Despite the adverse selection problem, we show that the market maker will only offer one security design. Thus,
as in Boot and Thakor (1993), the security design choice is not informative about the asset type in equilibrium.

2We analyze security designs with equity, risky debt, and riskfree debt, and we show in the Online Appendix
that these securities are optimal in a strict sense under additional natural assumptions.



the asset. When all investors trade the same security, equity, all trades have the same impact on
asset value. Then, when there is more informed trading on the less value relevant dimension of
uncertainty (here, the downside), the asset’s expected market value is more sensitive to the asset
type on this dimension. This is value improving for a high-quality asset on both dimensions when
trading on the more value relevant dimension of uncertainty is sufficiently informative. This is
the intra-subsidy effect of pooling trading by using only equity.

There are two countervailing effects. First, still in the case when only equity is traded, when
trading on the more value relevant dimension of uncertainty is barely informative, the price impact
of any trade is small. This is the intra-noisiness effect of pooling trading. By contrast, when both
leveraged equity and risky debt are traded, barely informative trading on one dimension only
affects the sensitivity of market prices to trades on one market. As long as the other dimension is
sufficiently value-relevant, a high-quality asset on both dimensions will achieve a higher expected
valuation if its upside and its downside are traded separately via leveraged equity and risky debt.

Second, when all investors trade the same security and one dimension of uncertainty is much
less value relevant than the other one, it becomes unprofitable for an investor informed about
the less value relevant dimension of uncertainty to trade. Indeed, the small benefit he would
derive from the trade would be outweighed by its price impact, which is the same for all trades
in this case. By contrast, when leveraged equity and risky debt are traded separately, the price
impact of a trade on the less value relevant dimension of uncertainty is lower, so that every
investor participates. A capital structure with leveraged equity and risky debt thus ensures that
all informed investors will (imperfectly) transmit their information via trading. When quantifying
the magnitude of effects at play in section we find that this effect is especially important.
This suggests that when the upside is very small relative to the downside, or vice versa, it is
especially valuable to create two separate markets to ensure that investors informed about these
two different dimensions of asset value trade on their information.

The second step is to derive the equilibrium capital structure. There are potential gains from
trade from the firm selling its asset to investors, as captured by the firm’s lower discount factor
as in DeMarzo and Duffie (1999). However, the market maker does not observe this discount
factor, and the firm will decline to sell its asset if its expected market value is too low. As a
result, we show that a market maker who derives a benefit from an accepted offer will offer the
security design that minimizes the most extreme asset undervaluation as a fraction of asset value
(the “relative adverse selection discount”) across asset types.

The relative adverse selection discount is not always highest for a high-quality asset on both
dimensions, so that the capital structure will not always be designed to cater to this type of asset.
This is in contrast to the result that the preferences of a high-quality asset drive capital structure
design with only one dimension of uncertainty (Boot and Thakor (1993)). To provide the intuition,
suppose that there is much more informed trading on the downside than on the upside. In this
case, an asset with high-quality upside but low-quality downside will be extremely undervalued in
an equilibrium with leveraged equity and risky debt, since its low type on one dimension will be

almost fully revealed, whereas its high type on the other dimension will remain largely unknown.



The relative adverse selection discount faced by this asset type, which is most severe, is minimized
when all investors trade the same security — equity.

The results contrast to the case with one dimension of uncertainty, analyzed in the seminal
paper on security design by Boot and Thakor (1993): when assets differ along one dimension only,
the capital structure is designed to maximize information revelation via security prices, which is
always beneficial to a high-quality asset — which also faces the highest adverse selection discount.
In our paper, by contrast, designing the capital structure to maximize information revelation
would not always maximize the valuation of a high-quality asset on both dimensions, nor would
it always minimize the highest relative adverse selection discount across asset types. Thus, our
results show that the compelling logic in Boot and Thakor (1993) cannot be straightforwardly
extended to the case with several value-relevant dimensions of uncertainty.

The model predicts that the capital structure will involve a single information-sensitive security
only when there is less informed trading on the more value relevant dimension of uncertainty. One
could argue that this is an unreasonable assumption so that this case will not arise in practice.
Yet, consider the example of an innovative firm for which the “upside”, related to the development
of new technologies, is more value-relevant, but with strong information asymmetries between firm
insiders and investors on this dimension. In this case, investors might be better informed about
the “downside”, which in this application would reflect the value of the firm’s existing assets,
such as its real estate and its patents portfolio. Thus, it is possible for the intra-subsidy effect to
dominate, which in turn justifies a capital structure with only one information-sensitive security,
equity.

This prediction has cross-sectional and longitudinal implications. First, it is related to the
finding in Strebulaev and Yang (2013) that about 10% of large public nonfinancial US firms have
zero debt — the “zero leverage puzzle”. They find that these firms tend to be innovative firms with
intangible assets and high valuations. This prediction can also contribute to explain the negative
correlation between profitability and leverage observed empirically, which is inconsistent with the
static tradeoff theory of the capital structure. Second, the model predicts that both young and
mature firms will issue risky debt, but that firms at an intermediate stage of their life cycle will
not (see section . The implied nonmonotonic changes in the leverage target and debt ratio of
a firm over time are consistent with longitudinal studies (DeAngelo, Gongalves, and Stulz (2018)).
We discuss these empirical implications of our results further in section

The results in our paper have several potential applications. The first is a company establishing
a market valuation for one of its assets that it intends to sell. The second is a corporation designing
its capital structure to maximize its market valuation to allow existing investors to cash out on
good terms (via a takeover bid, leveraged buyout, equity sale, etc.). The third is a financial
institution with an originate-to-distribute business model.

We follow the security design approach of Allen and Gale (1988) and Boot and Thakor (1993)
who study how to split asset cash flows into securities to maximize asset valuation. Our perspective
based on asymmetric information is related to Chang and Yu (2010) and Machado and Pereira
(2022), who study the effect of a firm’s capital structure on the incentives of investors to acquire
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information or trade on their information in models with one source of uncertainty. In Allen and
Gale (1988), information is symmetric, but investors have different risk preferences so that they
value securities differently, and arbitrage is impossible because of short sale constraints. As a
result, the firm splits its cash flows so that each security is bought by the investor who values it
the most. Security design also matters when investors agree to disagree (Garmaise (2001)).

Another approach is to study the optimal security that the firm should issue. This includes
models of financing (Myers and Majluf (1984), Nachman and Noe (1994)), which are especially
relevant for young firms with inadequate cash generation. Papers in this branch of the literature
consider variations in the information environment (Fulghieri and Lukin (2001), Axelson (2007),
Yang and Zeng (2019), Yang (2020), Malenko and Tsoy (2020), Inostroza and Tsoy (2023)).
Fulghieri, Garcia, and Hackbarth (2020) show that the pecking order theory can be reversed when
conditional stochastic dominance does not hold, or when asymmetric information is concentrated
on the firm’s assets in place rather than its growth opportunities. In their paper, all investors have
the same information, and the firm issues a single security. By contrast, a crucial assumption in
our paper is that different investors have information about different aspects of asset value, and
the main question is whether the firm should issue one or several information-sensitive securities.

The financing model of Bertomeu, Beyer, and Dye (2011) also uses a model with three levels
of output to study the design of the optimal security and voluntary disclosure when both the
magnitude and the probability of the upside and the downside of the firm’s cash flows are identical.
By contrast, we focus on the optimality of using either one or multiple information-sensitive
securities in a setting in which the asymmetry between the upside and the downside plays a
crucial role. Models with three levels of output have also been used in papers with project choice
in which each project is associated with two outcomes or less (John and John (1993), John,
Saunders, and Senbet (2000)), and in models of risk shifting in which increasing risk increases the
probability of extreme outcomes (Biais and Casamatta (1999)).

Finally, our results can provide insights into the securitization and tranching of cash flows
from financial assets, for example via the originate-to-distribute model. Our results emphasize
that tranching into equity and several tranches of debt (risky and riskfree) can be justified even
without moral hazard or market illiquidity. Some related papers show how a financial intermediary
can sell assets together (“pooling”) to mitigate adverse selection (Subrahmanyam (1991), Axelson
(1999), DeMarzo (2005), DeMarzo, Frankel, and Jin (2021)). The problem studied is different:
they consider how to bundle different assets into securities, with an emphasis on creating an
information-insensitive security, whereas we consider whether to split the cash flows produced by

one asset (that can be interpreted as a pool of assets) into different tranches.rﬂ

3 Asriyan and Vanasco (2022) study a similar problem with implications for mortgage-backed securities, but in
their model all investors are uninformed, and security design is chosen by the asset’s buyer to screen the seller.



1 The model

We consider a stylized model of security design and trading in which security prices partially
but imperfectly reflect information about the asset type. The novel aspect of the model is that
investors have differential information about two aspects of the asset value. The asset’s capital
structure matters because it determines how investors’ information will be reflected in security

prices and thus affect asset valuation.

1.1 Asset value

The firm’s asset produces a contractible output y at ¢ = 1. This output is equal to H with

1-0>
2

0 < L < M < H. The variables 6; and 0, are independent, realized at t = 0, and each follows a

probability %1, to L with probability , and to M with the complementary probability, with
Bernoulli distribution with probability %: each is equal to 1 with probability %, and to 0 otherwise.
An increase in 6, or 6y improves output in a first-order stochastic dominance sense. Figure[I]depicts

the distribution of the asset’s output.

Figure 1: Distribution of output § conditional on asset type {6,6:}.

This parameterization allows us to distinguish between two aspects of the distribution of 3.
The realization of 8; affects the “upside” of the distribution, whereas the realization of 6y affects
the “downside” of the distribution. We refer to the variable 6 = {6;,0-} as the “asset type”. It is
observed by the firm, and it is also potentially observed by different traders, as described below.
Table [I| describes the distribution of 3 for the various asset types.

Pr(L) Pr(M) Pr(H)
Oh=1,0,=1] 0 > >
0r=16,=0| 1 0 3
91 - 0,92 - 1 O 1 O
91 = 0,92 =0 % % 0

Table 1: Distribution of output g for different asset types.

As in Gorton and Pennacchi (1990), Boot and Thakor (1993), and Fulghieri and Lukin (2001),
the asset’s type along a dimension of uncertainty is binary (good or bad). In addition, the asset’s
type includes its quality along two dimensions of uncertainty, resulting in a total of four asset
types (see Table . This modeling is in contrast to settings in which different risks have a similar



effect on the distribution of asset value, such as Goldstein and Yang (2015) where firm value is
additive in two normally distributed variables, and Goldstein and Yang (2019) where firm value

is multiplicative in two lognormally distributed variables.

1.2 Traders

To take into account imperfectly informative trading on both dimensions of uncertainty, we
assume that there are two traders, denoted by 1 and 2. Consider trader i € {1,2}. With
probability p; € (0,1), he is an informed trader who observes 6;; with probability 1 — p;, he
has a hedging need described below. Thus, the parameters p; and py are measures of trading
informativeness with respect to the sources of uncertainty 6, and 52, respectively.

If trader 1 is a hedger, his stochastic endowment is 0 for y € {L, M}, and either 05 or —dp,
with probability 3, for y = H, where 65 = 1/(H — E[g]). If trader 2 is a hedger, his stochastic
endowment is 0 for y € {M, H}, and either 6, or —d, with probability %, for y = L, where
o = 1/(E[g] — L). A hedger minimizes the variance of his wealth. This modeling of hedgers is in
the spirit of Dow and Gorton (1997).

The assumption that different traders are (potentially) endowed with different information
is as in Goldstein and Yang (2015), who quote Paul (1993) to argue that this assumption “is
in the spirit of Hayek’s view that one of the most important functions of the price system is
the decentralized aggregation of information and that no one person or institution can process
all information relevant to pricing.” For example, some traders may be better able to assess
the liquidation value of assets, whereas others may be better able to assess the potential of a

technology under development []

1.3 Preferences and information

To generate gains from trade, we assume as in DeMarzo and Duffie (1999) that the firm is
more impatient than traders’] Formally, its utility over consumption ¢, at t = 0 and t = 1 is given
by: ¢ + Bci. The discount factor of the firm, 5, is drawn at ¢ = 0 from a known distribution
with full support on [0, 3], with CDF F and § < 1, and the realization of § is the firm’s private
information. This assumption is not crucial for the results: the results would still hold if 3 = 3
with probability 1. The discount factors of other agents are normalized to 1.

The market maker is an optimizing agent in our model. We simply assume that the market

maker derives a benefit from the firm accepting its security design offer, as described below. This

4Likewise, Glasserman and Mamaysky (2023) argue that “Skilled investors specialize. Fund managers typically
invest in stocks or bonds, but not both.” This is related to a literature that has acknowledged that investors’
information can be heterogenous (Van Nieuwerburgh and Veldkamp (2010), Kacperczyk, Van Nieuwerburgh, and
Veldkamp (2016), Goldstein and Yang (2015, 2019)), possibly because of rational inattention (Mackowiak, Matéjka,
and Wiederholt (2023)).

5This assumption is commonly used, e.g. Bessembinder, Hao, and Zheng (2015), Hébert (2018), Yang (2020),
DeMarzo, Frankel, and Jin (2021).



benefit can be arbitrarily small. The purpose of this assumption is to avoid a market maker who
is indifferent as to whether or not the firm accepts its offer.
As is standard in models of security design, there are information asymmetries between the

firm and other agents: the firm privately observes its discount factor § and its asset type.

1.4 Security design and pricing

As in seminal security design papers (Allen and Gale (1988) and Boot and Thakor (1993)),
designing securities is equivalent to splitting claims on the asset’s output. In the main paper, we
assume that the securities available to the firm include equity, risky debt, and riskfree debt — which
are formally defined below. Note that markets can be complete with this set of available securities.
In section |1} of the Online Appendix, we show that these securities (or composite securities also
comprising riskfree debt which are equivalent for information revelation purposes) are optimal if
we assume a small cost to the issuance of additional securities and a small trading cost.

As is standard, security prices must preclude arbitrage opportunities and be such that the
market price of a security is equal to its expected payoff conditional on observed market orders
on all markets. We refer to this condition as the “fair pricing” condition.

We use a stylized model of security design and market pricing with the following sequence of
events. At t = 0, a market maker offers a menu of security designs such that the market maker
can subsequently set security prices subject to fair pricing. The firm decides whether or not to
sell the asset, and selects a security design offered by the market maker if it does so. Traders then
submit observable market orders for the securities offered, and the market maker sets security
prices. There is a riskfree security with a constant payoff in perfectly elastic supply, and the

riskfree rate is zero.

t=0 t=1
The market maker The firm decides Investors submit orders; Payoff  realized;
(MM) offers a menu  whether to sell the asset ~ MM sets security prices claims are paid
of security design and selects a security accordingly

design if it does so

Figure 2: Timeline of the model.

2 Market valuation

As is standard in the literature, we consider perfect Bayesian equilibria (PBE):

Definition 1. A PBE is a menu of security design offered by the market maker, the market
maker’s beliefs about the security design choice of every asset type, and a set of demand-contingent

security prices such that: (i) the firm optimally decides whether or not to sell its asset; if it
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does, it chooses the optimal security design given its asset type; (ii) the market maker’s beliefs
about security design choices are verified, and the market maker rationally updates its beliefs after
observing orders from tmdersﬁ (111) the market maker makes zero expected profit and maximizes

the probability that the firm sells its asset.

Define vy, g, as expected output conditional on asset type {61, 62}, which we refer to as “intrinsic

asset value”. From Figure [T, we have:

_ H+M _ H+L
V11 = 5 V1,0 = 9 (1)
L+M
vo,1 = M, Voo = —5

If the asset type {6,602} were public information, its market valuation would simply be equal to
vp, 0, as described in equation ().

A security is defined by its state contingent payoff. Since there are three states, corre-
sponding to the possible realizations of the firm’s output, the payoff vector of security h is
(sn(L),sp(M), sp(H)), where sp(y) is its payoff in state y.

When the market price is imperfectly informative about the asset type, the expected market
valuation of a given asset type is generally different from its intrinsic value. We define the adverse

selection discount for a given asset type and security design i as follows:
ASDgl,Gg = V1,00 — E [Piwl? 92] ) (2>

where P; is a random variable that represents the market value of the asset under security design
i. That is, a positive (negative) adverse selection discount means that the asset is expected to be
undervalued (overvalued).

In sections [2.1) and below, we analyze two potential equilibria. In section [3] we rule out
other potential equilibria, and determine which of the two aforementioned equilibria is the unique

equilibrium, depending on parameter values.

2.1 Equity and riskfree debt

In this subsection, we study the trading phase equilibrium with only one security which is
information-sensitive, i.e. with a non-constant payoff vector. As further discussed in the Online
Appendix (see the “first step” in the proof of Lemma , this implies that the only securities are
riskfree debt, which by definition has a constant payoff vector and is therefore not information-
sensitive, and equity.

To focus on properties of this equilibrium when the firm accepts the market maker’s offer and

sells its asset, in this subsection we simply assume that 8 = 0, i.e. the firm is highly “impatient”,

5Depending on the PBE considered, either one of these conditions is relevant, or both of them are. In a
separating equilibrium in which each asset type chooses a different security design, only the former condition is
relevant. In a pooling equilibrium in which the market maker only offers one security design, only the latter
condition is relevant. In a semi-separating equilibrium, both conditions are relevant.



similar to the specification in Diamond and Dybvig (1983). In section , we will provide conditions

under which this security design is offered and selected in equilibrium when 3 > 0.

Proposition 1. When securities offered by the market maker have payoff vectors (L — ~, M —
s H— 7) and (77777) fO’f’ v e [07 L] and max {M2 + Ml%; M1+ ,UZ%} < 2:

e Hedgers and informed traders trade the security with payoff vector (L — v, M — ~, H — ).
Each trader submits a market order for a quantity %lvm}(g) . A hedger with a negative (positive)

exposure to y = H buys (sells) this amount; a hedger with a negative (positive) exposure to

y = L sells (buys) this amount. An informed trader who observes 01 = 1 or 0y = 1 buys this

amount; an informed trader who observes 01 = 0 or 0y = 0 sells this amount.

o The asset’s market value Py conditional on observed orders is:

14+mH 2—m+pM 1—pL

PU(buyabuy) = 2/“5“‘ M; M2?+T/L2§ (3)
1H M 1L

Py (b I = —— 4+ - 4 -2 A

v (buy, sell) 55+t 5 T35 (4)
1—mH 2 — M 1 L

Po(sethacl) =~ + TR T 5)

o The expected market value of the asset conditional on asset type is:

142 (13 + papo) 24 1 (—pd+ 1) 1+ 3 (—p3 — papo)

E[Pyloy = 1,0, =1] = L "+ / . : .
E[Py|0) = 1,6, = 0] L+ (“Z_“ll‘?)HJr 2+ 5 (= —4#5 +2mp) L 14 (ui— )
E[Pyl6; = 0,65 — 1] 1+%(—A;?+u1uz)H+2+%(u?+f%—2u1u2)M+ 1+§(—;f+u1uz)L
E [Pyl0; = 0,0, = 0] l-l—%(_lf—ullm)H_i_2—|—%(,tf—u§)M+1+%(;€+M1M2)L

The securities considered in Proposition 1| are either unleveraged equity (for v = 0), or riskfree
debt and equity (for v € (0,L]). In any case, equity is the only information-sensitive security.
A hedger uses securities to hedge his exposure to either y = H or y = L, and will trade the
appropriate amount of equity for this purpose. An informed trader, who has private information
about the value of equity, will buy or sell the same amount as a hedger to not reveal its type to the

market maker. The condition max { Mo + ul%, 1+ po 1{\14:1\5} < 2 ensures that the benefit that
each informed trader derives from trading is sufficiently large for informed trading to be profitable
once the price impact is taken into account (Proposition [2] below analyzes the outcome when this
condition is not satisfied). Figure |3| depicts the probability distribution of the trades of traders 1

and 2 conditional on asset type.
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trader ¢

1— i 125
hedger ’ informed trader
1

i [bw]  [el]  [bw

Figure 3: Equilibrium demand for the security with payoff vectors (L — v, M — v, H — 7) of
trader ¢ (¢ € {1,2}).

Since traders 1 and 2 trade the same security, the order flow is informative about #; and 6,.
It is all the more informative that the probability of informed trading is high. An increase in the
probability of informed trading p; increases the expected market value of a high 6;-type asset.

The relative adverse selection discount in this equilibrium, defined as ASDéheg/ Vg, 05, 15 1Ot
always highest for an asset with a high type on both dimensions (6; = 1 for ¢« € {1,2}). This

can be explained as follows. Consider the case when the upside is small relative to the downside

(HfM
M~—L

“steady” asset, which produces an output of M, faces a larger relative adverse selection discount

is low) but there is a lot of informed trading on the upside (u; is very high). Then, a

than a “star” (with a high type on both dimensions), which produces an output of either H or
M. Intuitively, these two asset types have a similar intrinsic value in this case since the upside is
small. However, when all traders trade the same security (equity), all trades have the same effect
on market value. Moreover, trader 1, who trades based on his information about the upside, will
tend to buy a “star” asset and sell a “steady” asset. This improves the market value of a “star”
asset, but worsens the market value of a “steady” asset. For example, with H = 1.5, M = 1,
L =0, uy =0.95, and pe = 0.5, we have ASD}M/UOJ =0.180 > 0.159 = ASDil/le.

When the capital structure only involves one information-sensitive security, an informed trader
will not always trade based on his information. This is because, since all traders trade the same
security, all trades have the same impact on market value. A trader who has some information
on a dimension that is barely value-relevant will not gain much from buying or selling equity,
holding the price of equity constant, but his trade may move the price of equity substantially.

Consequently, a trader who is informed about the upside will not trade when p; + ug% > 2,

"Likewise, in the case when the downside is small relative to the upside ( I]g[:]@ is low) but there is a lot of

informed trading on the downside (ug is very high), a “high-risk” asset, which produces an output of either H or
L, faces a larger relative adverse selection discount than a “star”, which produces an output of either H or M.
Intuitively, these two assets have a similar intrinsic value in this case since the downside is small. However, when all
traders trade the same security (equity), all trades have the same effect on market value. Moreover, trader 2, who
trades based on his information about the downside, will tend to buy a “star” asset and sell a “high-risk” asset.
This improves the market value of a “star” asset, but worsens the market value of a “high-risk” asset. For example,
with H =2, M =1, L = 0.5, yu1 = 0.5, and pe = 0.95, we have ASDiO/vLO = 0.144 > 0.132 = ASD}J/UM.
Finally, in the case when the upside and the downside have a similar magnitude (H — M ~ M — L), an asset with
a high type on both dimensions (a “star”) is subject to the highest relative adverse selection discount.
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i.e. when the upside H — M is sufficiently small compared to the downside M — L. Likewise, a
trader who is informed about the downside will not trade when py + ul% > 2, i.e. when the
downside is sufficiently small compared to the upside. Proposition [2| summarizes the outcome in

these two cases.

Proposition 2. When securities offered by the market maker have payoff vectors (L — v, M —
v, H =) and (v,7,7) for v € [0, L] and max {12 + pu 5777 1 + pragi=35 } > 2, hedgers trade as
in Proposition 1], and:

o When piy + o %:J@ > 2, an informed trader who observes 61 does not trade, and the expected

market value of the asset is:

1H 2+m=" M 1-pu="L

E |Pylby,0, =1] = — e — 10
1H 22— "M 1+ L
E|Py|0:,0, = = —— 2~ 11

o When s+ 11y I]{[f% > 2, an informed trader who observes 6y does not trade, and the expected

market value of the asset is:

L+pe g 2 — 2y 1

E[Py|6r =1,0,] = TEJFT?JWE (12)
1—pdte g 24 282 8 1
E[Py|6r =0,0,] = TfrTz +55 (13)

When the only information-sensitive security traded is equity and there is no informed trading
on a dimension, say the upside, there are two possible cases. First, with probability 1 — py, there
is still trading from a hedger exposed to the upside. Second, with probability p;, there is no
trading from trader 1, i.e. only trader 2 trades the asset. The security price is more informative
in this second case, since in the first case the market maker cannot disentangle the trade from
the hedger from trader 2’s trade. The second case is informationally equivalent to a case in which
leveraged equity and risky debt are traded as in Proposition |3| but there is no informed trading
of leveraged equity. As Proposition [4] will make clear, this implies that the outcome described in
Proposition [2| which overall results in less information revelation than in the outcome described

in Proposition , will not be an equilibrium of the model when we let 8 > 0 as in section

2.2 Equity and risky debt

In this subsection, we study the trading phase equilibrium with securities with payoff vectors
(L,M,M) and (0,0, H — M). The first security is risky debt, the second security is leveraged
equity. The expected payoffs conditional on asset type {6, 6} of leveraged equity (indexed by FE)

12



and risky debt (indexed by D), respectively, are:

vp(br=1) =M1 4p(6, =0) =0,

UD(92:1):M, UD(QQZO):%.

(14)

The value of leveraged equity only depends on #;, and the value of risky debt only depends on 6s.
This security design is informationally equivalent to a more general security design that involves
composite securities with payoff vectors (L—T, M —T', M —T") and (I',T, H—M+T) for T" € [0, L]
(see section [2| of the Online Appendix).

To focus on properties of this equilibrium when the firm accepts the market maker’s offer and
sells its asset, in this subsection we simply assume that 8 = 0, i.e. the firm is highly “impatient”.
In section [3| we will provide conditions under which this security design is offered and selected in
equilibrium when £ > 0.

Proposition 3. When securities offered by the market maker have payoff vectors (L, M, M) and

(0,0,H — M):
o Trader 1 trades leveraged equity by submitting a market order for a quantity H‘Sj’M. A hedger
with a negative (positive) exposure to y = H buys (sells) this amount; an informed trader

who observes 01 = 1 buys this amount; an informed trader who observes 61 = 0 sells this
amount.

Trader 2 trades risky debt by submitting a market order for a quantity %. A hedger with
a negative (positive) exposure to y = L sells (buys) this amount; an informed trader who

observes 0y = 1 buys this amount; an informed trader who observes 0y = 0 sells this amount.

e The market price Pg of leveraged equity conditional on the observed order is:

1+ H—M

Pg(buy) = 2M1 5 (15)
1 H— M

Py(sell) = 2“ 5 (16)

The market price Pp of risky debt conditional on the observed order is:

1+ 1 — o L+ M

Po(buy) = 2“2A4>+ 2‘” > (17)
1 14 o L+ M

Pp(sell) = 2”M+ zm z (18)

o The expected market value of the asset conditional on asset type is:
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E[Pg + Pplty = 1,05 = 1]
E[PE—FPD’Hl:l,@Q:O]
E[PE+PD’91:0,92:1]

E[PE—l—PD]Hl :0,62 :0]

2

12M?H+2—ME+M§M+1—4M2L
1ZM?H+2—ME—M§M+1ZMEL
1—4M?H+2+€+M§M+1—4M§L
1—4M?H+2+u§l—u§M+1Zu§L

(19)
(20)
(21)

(22)

The market value of the asset depends on trades by hedgers and informed traders. A hedger

uses securities to hedge his exposure to either y = H or y = L, and will trade the appropriate

amount of the relevant security for this purpose. An informed trader, who has private information

about the value of one of the two securities, will buy or sell the same amount as a hedger to not

reveal its type to the market maker. Figures [d] and [5] depict the probability distribution of the

trades by traders 1 and 2 conditional on asset type.

trader 1

1-— 1
hedger
1 1
2 2

sell equity buy equity

M1

’ informed trader

1-6, 0,

sell equity buy equity

Figure 4: Equilibrium demand for leveraged equity of trader 1.

trader 2

1-,&2

hedger

N[

1
2

sell debt buy debt

H2

’ informed trader

1—6 02

sell debt buy debt

Figure 5: Equilibrium demand for risky debt of trader 2.

Since traders 1 and 2 trade two different securities, the order flow for leveraged equity is

informative about #;, and the order flow for risky debt is informative about 5. In each case, it
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is all the more informative that the probability of informed trading is high: an increase in the
probability of informed trading p; increases the expected market value of a high 6;-type asset.
We show in the proof of Proposition (3| that the adverse selection discount in this equilibrium
is always highest for an asset with a high type on both dimensions (a “star” asset). With two
information-sensitive securities that are traded by different traders, the total adverse selection dis-
count is simply the sum of the adverse selection discounts associated with each security (leveraged
equity and risky debt), and in each case the adverse selection discount is highest for a firm with

a high type on the relevant dimension.

3 Equilibrium capital structure

3.1 General results

This section determines the equilibrium security design. In a given equilibrium, the highest
relative adverse selection discount (HRASD) plays an important role, as will soon be established.
Let ASDéhe2 be the adverse selection discount, as defined in equation , when the security design
is as in section Let ASD?M,2 be the adverse selection discount when the security design is as
in section 2.2 Let k; be an inverse measure of the highest HRASD across the two security designs
described in sections and and let ks be an inverse measure of the lowest HRASD across
these two security designs:

1 2 1 2
—_ ASD91,92 ASD91,92 _ : ASD917¢92 ASD91,92
k1 = 1—max < max , max and ks = 1 —min < max , max .
01,02 Vg, g, 01,02 Vg, g, 01,02 Vg, o, 01,02 Vg, g,

The gains from trade arise from the difference in impatience between traders and the firm.
They can be measured by 1— /3, where §3 is distributed on [0, 3] and is privately known to the firm.
As already established, the pooling equilibria described in Propositions are PBE for § = 0,
i.e. when gains from trade are very high and public knowledge. When gains from trade are not
as large and not public information, however, a firm may decline to sell its asset depending on its
asset type. We say that an asset type “participates” when a firm with this asset type accepts the
market maker’s offer and sells its asset. To focus on the interesting case when the security design
offered matters and firms participate in equilibrium, we henceforth make the following assumption

on the upper bound f of §’s support
Assumption 1. 3 € (ky, ky).

Assumption (1] implies that the gains from trade are sufficiently large for firms to participate
in equilibrium, but potentially sufficiently small that security design matters. If instead 3 were

lower than in Assumption [I} the market maker could offer the security design described in either

8Assumption could equivalently be expressed in terms of model primitives: expressions for the adverse selection
discounts are in the proofs of the Propositions as a function of the model’s parameters and of intrinsic asset values,
as specified in equation .
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Proposition [1] or Proposition [3| such that a firm with any type of asset would participate for any
realization of 3 € [0, 3]. The marker maker would then be indifferent between these two security
designs, i.e., there would be two equilibria. If instead 3 were higher than in Assumption , firms
with at least one type of asset would not participate with a positive probability, regardless of the
security design offered. Then, the security designs and pricing schedules described in Proposition
would not be equilibria. Moreover, as is common in models of adverse selection, a market
breakdown in which only the worst type participates would be possible.ﬂ In summary, with
Assumption [1}, we focus on the case when the adverse selection discount is sufficiently serious to
have an effect on security design, but, as is standard in models of security design, not sufficiently

serious to prevent firm participation. This is illustrated in Figure [6]

Some asset types do not participate

Any security design offered is accepted regardless of the security design
if £ is in this interval with probability 1 if £ is in this interval
0 ky B ko 1

Figure 6: The firm’s discount factor 5.

We now establish that, despite the adverse selection problem that it faces, the market maker

does not offer a menu of security designsm

Lemma 1. Separating or semi-separating equilibria in which all asset types participate are not

PBE.

Lemma [1] implies that only one security design can be offered in equilibrium, so that firms
with different types of assets all use the same set of securities: the only possible equilibrium is a
pooling equilibrium. This is a standard result in security design models. We show in the proof
of Lemma [1| that there does not exist a separating equilibrium or a semi-separating equilibrium.
This result can be explained as follows: if different security designs were offered, for any market
maker’s beliefs, there would always be at least one asset type with an incentive to deviate from
the security design choice corresponding to the market maker’s belief. We explain in more details
the logic behind this argument in the paragraphs below (we only discuss a subset of possible cases

for brevity).

1. Consider a potential equilibrium in which each asset type supposedly chooses a different

security designﬂ Then the market valuation of this asset is equal to its intrinsic value in

9Indeed, there would be a market breakdown if the gains from trade, as measured by 1 — 3, were sufficiently low.
For example, suppose that 8 — 1. Then in equilibrium, only an asset with the lowest type on both dimensions
(01 = 0,602 = 0) is sold, and its market valuation is vg o (see section [3|of the Online Appendix).

10Tn a pooling equilibrium, all types of assets are associated with same security design. In a separating equilib-
rium, each type of asset is associated with a different security design. In a semi-separating equilibrium, a security
design is associated with several asset types but not all.

" The market maker can offer more than two security designs, by letting v and/or I' take different values.
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equation , regardless of market orders. This gives incentives to the asset with a low type

on both dimensions to deviate from its postulated choice, thus invalidating the equilibrium.

2. Consider a potential equilibrium in which assets with a high type on both dimensions and
with a low type on both dimensions supposedly both choose a security design with unlever-
aged equity, whereas the two other asset types supposedly both choose another security
design with risky debt and leveraged equity. Then one of these other asset types will be
better off deviating. A “high-risk” asset with a high type on the upside but a low type on
the downside will be better off deviating when the upside (H — M) is small relative to the
downside (M — L), since it is better off using the pricing schedule calibrated for the former
subset of asset types. On the contrary, a “steady” asset with a high type on the downside
but a low type on the upside will be better off deviating when the downside is small relative

to the upside.

3. Consider a potential equilibrium in which a “high-risk” asset supposedly chooses a security
design with risky debt and leveraged equity, whereas other asset types supposedly all choose
a security design with unleveraged equity. Then the choice of risky debt and leveraged
equity leads to a market valuation of # (see equation ) Moreover, if the upside is
large relative to the downside, an asset with a low type on both dimensions will be better off
deviating and choosing risky debt and leveraged equity to benefit from the pricing schedule
calibrated for a “high risk” asset. Otherwise, a “high-risk” asset will be better off deviating
and choosing unleveraged equity to benefit from the pricing schedule calibrated for the other

asset types.

Lemma |1} implies that the only type of equilibrium in which the market maker can set security
prices subject to the fair pricing condition is an equilibrium in which only one security design is
offered, as in Propositions[I}3] Proposition [4] describes how the equilibrium of the model depends
on the ratio of the maximum adverse selection discount to intrinsic asset value in the potential
equilibria described in Propositions [T}3]

2

SD.
01,00
V61,609

ASDy, 4,

V61,02

Proposition 4. When maxy, g, > maxg, g, , the market maker offers the security

design described in Proposition @ in particular, this is the case when max{u, + ug%,ug +

H-M
M1~

} > 2. Otherwise, the market maker offers the security design described in Proposition .

The market maker offers the security design that minimizes the highest ratio of the adverse
selection discount to intrinsic asset value across asset types, i.e., such that the most extreme
undervaluation as a fraction of intrinsic asset value is least severe. This ensures that the firm will
accept the security design offered in equilibrium regardless of its asset type. In particular, this
necessitates that informed traders actually trade based on their information, which rules out the
outcome described in Proposition [2] Using the expressions for intrinsic asset values in equation
and expressions for the adverse selection discounts derived in the proofs of Propositions

shows how the equilibrium depends on the exogenous parameters of the model. These exogenous
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parameters capture the relative amounts of “upside” H — M, “downside” M — L, and the intensity
of informed trading on these two dimensions, as measured by y; and p5[™

The equilibrium outcome is characterized by fair pricing and an efficient allocation in which
the gains from trade are realized. Thus, allocative efficiency could not be improved by postulating

alternative mechanisms.

3.2 Numerical illustrations

Figures [7] to [J| below illustrate how the equilibrium outcome depends on the exogenous param-
eters of the model. The first column in Figures [7] to [9] depicts the equilibrium security design as a
function of uy and uy for several values of the upside and the downside. In section 4| of the Online
Appendix, we provide three-dimensional depictions of the highest adverse selection discount to
intrinsic asset value as a function of u; and us for each of the two capital structures considered
in sections 2.1 and [2.2] for several values of the upside and the downside.

1.0 1.0 1.0F

0.87 0.8¢ 0.8f

0.67 0.67 0.67

M2 H2 H2

0.4r1 0.4r 0.4

0.27 0.2f 0.2f

0.0H o n n o b 0.0H ! . ’ ’ H 0.0k . . . . r
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

M4 H1 H1

Figure 7: Balanced upside and downside.
In all cases: H — M =1, M — L = 1. Panels are described from left to right. First column:
the black (white) area is the subset of {1, 2} such that the equilibrium is as in Proposition
(Proposition . Second column: the black area is such that ASDZ‘M/UM is higher with ¢« = 1
(unleveraged equity) than with i = 2 (leveraged equity and risky debt). Third column: the black

area is such that max {/.1,2 + ul%, 1+ fo g[__]@} > 2.

120ur assumptions ensure that there are two dimensions of uncertainty in the model. To consider the outcome
with only one dimension of uncertainty, consider an alternative case with M — L = 0, so that output realizations
with a positive probability are M (with probability 1 —6;/2) and H (with probability 6;/2). Any capital structure
includes a security whose value is sensitive to 61, but no capital structure includes a security whose value is sensitive
to f>. As a result, the investor informed about 6; will trade whereas the investor informed about #> will not trade.
In this case, we will have k1 = ko, and Assumption 1 is replaced by 8 = k;. Without additional assumptions on the
cost of issuing additional securities, there are multiple equilibria. Indeed, any capital structure will elicit trading
from the investor informed about #;, who is the only informed investor, and therefore will yield the same expected
valuation. An equilibrium is for the firm to issue equity and riskfree debt, which is as in Boot and Thakor (1993).
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Figure 8: High upside, low downside.
Top row: H— M =1, M — L = 0.5. Middle row: H - M =1, M — L = 0.25. Bottom row:
H—M =1, M — L = 0.1. Panels are described from left to right. First column: the black (white)
area is the subset of {u, us} such that the equilibrium is as in Proposition 3| (Proposition .
Second column: the black area is such that ASDil/Um is higher with i = 1 (unleveraged equity)
than with ¢ = 2 (leveraged equity and risky debt). Third column: the black area is such that

max { fis + p1 B iy + po =k} > 2.
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Figure 9: Low upside, high downside.

Top row: H— M = 0.5, M — L = 1. Middle row: H - M = 0.25, M — L = 1. Bottom row:
H—M =0.1, M — L = 1. Panels are described from left to right. First column: the black (white)
area is the subset of {u, us} such that the equilibrium is as in Proposition 3| (Proposition .
Second column: the black area is such that ASDil/Um is higher with i = 1 (unleveraged equity)
than with ¢ = 2 (leveraged equity and risky debt). Third column: the black area is such that

max { fis + p1 B iy + po =k} > 2.
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3.3 Discussion of results

This section explains the effects that drive the equilibrium security design.

First, the equilibrium security design is such that all informed traders trade on their informa-
tion (see the explanation that follows Proposition . This rules out a security design with only
one information-sensitive security for a set of parameter values which is depicted as the black area
in the third column of Figures[8{9 As the value relevance of the upside and the downside diverge
more, this set of parameter values expands. This results in a security design with leveraged equity
and risky debt for more values of {p1, 2} In the case when either the upside or the downside is
extremely small, this effect dominates for almost all values of {1, to}, and the security design is
almost always leveraged equity and risky debt.

Second, the equilibrium security design is not always driven by a minimization of the under-
valuation of an asset with a high type on both dimensions. Consider the case when the probability
of informed trading on the less value relevant dimension of uncertainty is very high and the prob-
ability of informed trading on the more value relevant dimension of uncertainty is low. Then an
asset with a low type on the less value relevant dimension of uncertainty and a high type on the
more value relevant dimension of uncertainty faces a very high relative adverse selection discount
when leveraged equity and risky debt are traded. Indeed, its high type on one dimension is barely
revealed (because of very low informed trading on this dimension) whereas its low type on the
other dimension is largely revealed (because of very high informed trading on this other dimen-
sion)Fj The adverse selection discount faced by this asset type in this case is lessened when all
traders trade the same security — (unleveraged) equity. This explains the small white areas either
at the top or to the right in the first column of Figures [7}{9]

Third, for parameter values that do not correspond to the first two cases described above, the
equilibrium security design is the one that minimizes the adverse selection discount for an asset
with a high type on both dimensions (type {6;,0:} = {1,1}), i.e., it is the one hypothetically
preferred by a firm with this type of asset. There are three possible subcases.

First, when the probability of informed trading on the more value relevant dimension of un-
certainty is higher than the probability of informed trading on the less value relevant dimension
of uncertainty, the security design is leveraged equity and risky debt. Intuitively, in this case,
having separate markets for information transmission on the upside and the downside maximizes
the price impact of information on the more value relevant dimension of uncertainty. In Figure [g]
this corresponds to the area below the 45 degrees line in the first and second columns. In Figure
9], this corresponds to the area above the 45 degrees line in the first and second columns.

Second, when the probability of informed trading on the less value relevant dimension of
uncertainty is slightly higher than the probability of informed trading on the more value relevant
dimension, an asset with a high type on both dimensions achieves a higher expected valuation

in the equilibrium of Proposition [I| with only one information-sensitive security (equity). The

Even though ASD} ; is always highest for i = 1 and j = 1 as noted in section ASD? ; /v; ; is not always
highest for this asset type, as noted in section
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intuition for this result is as follows. Consider the case when the upside is substantially more
value relevant than the downside, i.e. H — M > M — L (as in Figure , for example because the
asset has a high liquidation value, and there is slightly more informed trading about the downside
than about the upside (p2 > p11). In the equilibrium of Proposition [3] the order from the trader
potentially informed about the downside, while more informative, does not matter as much for
overall asset valuation, whereas the order from the trader potentially informed about the upside,
while less informative, matters more for asset valuation. In the equilibrium of Proposition (1, by
contrast, orders from all traders are pooled in one market, so that any order is ambiguous in
the sense that it could emanate from a trader informed about the upside or about the downside.
Moreover, for an asset with a high type on both dimensions, when p5 > w1, buy orders from traders
informed about the downside are more likely than from those informed about the upside. In this
case, the expected market value of this asset type is larger in an equilibrium as in Proposition
with equity (and possibly riskfree debt) than in an equilibrium as in Proposition . This is the
intra-subsidy effect of pooling trading, which is beneficial to the valuation of assets with a high
type on the less value relevant dimension when there is more informed trading on this dimension.
This effect is apparent in the triangular white areas in the second columns of Figure [§ and [0 It
plays an important role in driving equilibrium selection as depicted in the first column of each
Figure. This effect only arises when the upside and the downside differ (it does not arise in the case
depicted in Figure [7)), and when these two dimensions of uncertainty both matter substantially
for asset valuation (it does not arise when M — L ~ 0 or H — M =~ 0).

Third, there is a countervailing effect. When the probability of informed trading on the less
value relevant dimension of uncertainty is much higher than the probability of informed trading
on the more value relevant dimension, an asset with a high type on both dimensions achieves
a higher expected valuation with the security design of Proposition |3| with leveraged equity and
risky debt (see the black area to the left of the white area in the first and second columns of
Figures , and below it in Figure @ Intuitively, in this case, the market maker knows that, with
the security design of Proposition [l orders are either largely random or much more likely to come
from a trader informed about the less value relevant dimension of uncertainty. Thus, the market
price of (unleveraged) equity is not very sensitive to market orders. This is the intra-noisiness
effect of pooling trading, which is detrimental to the valuation of assets with a high type on the
less value relevant dimension of uncertainty when there is much more informed trading on this
dimension. In this case, the valuation of these assets is higher in an equilibrium as in Proposition
with leveraged equity and risky debt, since their market valuation better reflects their intrinsic
value on the less value relevant dimension of uncertainty. This effect only arises when the upside
and the downside differ (it does not arise in the case depicted in Figure , and when these two
dimensions of uncertainty both matter substantially for asset valuation (it does not arise when
M—-L~0or H—M=0).
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4 Empirical implications

4.1 General implications

The model does not predict a unique capital structure: assets which differ either fundamentally
because of the relative magnitude of their upside and downside, or informationally as reflected by
varying trading intensities on these two dimensions of uncertainty, can be associated with different
capital structures.[?] Moreover, when the capital structure involves different types of information-
sensitive securities — risky debt and equity — the model predicts that these two securities will be
traded by different investors with different information.

The most important and unique empirical implication of the model is that security design
will involve a single information-sensitive security, (unleveraged) equity, only when there is less
informed trading on the more value relevant dimension of uncertainty (upside or downside). On the
contrary, when there is more informed trading on the more value relevant dimension of uncertainty,
then the capital structure will generally involve two information-sensitive securities — leveraged
equity and risky debt.

Figure depicts the highest adverse selection discount to asset value across asset types
(HRASD) when the capital structure involves either one or two information-sensitive securities[]
Holding L and H constant at L = 0 and H = 2, we let M vary from M = 0.01 to M = 1.99.
This allows to study cases with approximately no downside (M = 0.01), approximately no up-
side (M = 1.99), and anything in-between. The middle panel shows that, when the intensity of
informed trading is the same for the upside and the downside (u; = p2), it is always an equilib-
rium outcome to have equity and risky debt (the solid line is always below the dashed line in a
weak sense). On the contrary, when the intensity of informed trading is different on the upside
and the downside, the equilibrium outcome involves equity (and possibly riskfree debt) for some
intermediate values of M. When there is more informed trading on the downside (left panel), this
is true when the upside is a bit larger than the downside (M € [0.57,0.80]). When there is more
informed trading on the upside (right panel), this is true when the downside is a bit larger than
the upside (M € [1.20,1.42]).

4Tn our model, all types of assets that differ along unobservable vertical dimensions (high/low quality) use the
same security design, but types of assets that differ along observable horizontal dimensions (relative magnitude of
the upside potential and downside risk, and information of investors on these two dimensions) may use different
security designs.

15The dashed line consists of three distinct discontinuous parts. The two parts on the left and right of each
panel represent the HRASD when one informed trader does not participate (i.e. the condition in Proposition 2 is
satisfied). As noted below Proposition 2, this case is never an equilibrium outcome, which is consistent with the
solid line always being below these two parts of the dashed line.
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Figure 10: Highest adverse selection discount to asset value across asset types with two different
capital structures.

Dashed line: HRASD as a function of M when the capital structure involves equity (and possibly
riskfree debt). Solid line: HRASD as a function of M when the capital structure involves equity
and risky debt. Left panel: p; = 0.50, ps = 0.75. Middle panel: py = 0.50, ps = 0.50. Right
panel: p; = 0.75, ps = 0.50. In all cases, L =0 and H = 2.

Figure also emphasizes that when the upside is very small relative to the downside, or
conversely when the downside is very small relative to the upside, it is especially important to
issue equity and risky debt. This ensures that all informed investors trade on their information.
Otherwise, if the firm were to only issue equity and riskfree debt, some informed investors (either
those informed about the upside or those informed about the downside) would not trade.

4.2 Implications for firm leverage

This section discusses the relation between our results and empirical findings on firms’ capital
structures.

First, our results have implications for the use of risky debt through the life cycle of a firm.
The typical life cycle of a growing firm can be captured by an increase in the parameter M, holding
other parameters (L, H, p1, p2) constant. A small young firm with barely any assets has a very
limited downside: M is close to L. At the other end of the spectrum, a very large and mature
firm has barely any upside: M is close to H. As illustrated in Figure [I0, the model predicts that
both young and mature firms will have a capital structure that involves risky debt. In our model,
“risky debt” refers to debt that might not be fully repaid (e.g. “speculative” or “high yield” debt),
so that information about the firm’s “downside” is valuable for investors. By contrast, firms at
an intermediate stage of their life cycle will not issue risky debt, although they might still issue
riskfree debt (e.g. highly rated bonds). When there is more informed trading on the downside
than on the upside, this intermediate stage occurs earlier in the life cycle than when there is more
informed trading on the upside. Although more research is needed, this predicted nonnomotonic
relation between risky debt issuance and firm age or size is consistent with the empirical evidence

that leverage is high for young firms, then declines, then rises again as the firm becomes largerm

Fluck et al. (1997) find that external finance declines over the early stages of a business’ life cycle, then
increases thereafter. Berger and Udell (1998) find that “debt held by the principal owner through loans and credit
debt as well as debt held by other individuals (mostly family and friends) decline as the firm matures and retires
these insider loans that were needed in the early stages.” DeAngelo, Gongalves, and Stulz (2018) show that after
the leverage ratio reaches a peak, the median firm reduces its leverage to near zero in about six years. Hovakimian,

24



It could also explain why the sign of regression coefficients in empirical studies will vary depending
on the sample of firms (e.g. small private firms or large publicly listed firms) and the variables
used, notably whether they are backward looking book values or forward looking market values
(see Frank and Goyal (2009)).

Second, our results can contribute to explain the finding by Strebulaev and Yang (2013) that
about 10% of large public nonfinancial US firms have zero debt — the “zero leverage puzzle” which
they argue has yet to be explainedm They find that large firms with zero leverage tend to be
more R&D intensive, with a higher market-to-book ratio, less capex and less tangible assets, which
is suggestive of innovative firms which are subject to especially strong information asymmetries
about their upside potential.ﬂ

In our model, the equilibrium capital structure can be unleveraged equity when the probability
of informed trading is lower for the more value-relevant dimension of uncertainty. This case is
arguably relevant for innovative firms in which information about the downside, which may involve
an assessment of the liquidation value of assets in place, is more readily available than information
about the upside, which may instead involve an assessment of new technologies developed by the
firm. Thus, our model can explain why a capital structure with zero leverage would be more
prevalent in innovative firms, which is consistent with the findings in Strebulaev and Yang (2013).

Third, the prediction that some firms do not issue risky debt has implications for firms’ adjust-
ment toward a target capital structure. A simple tradeoff theory model would predict an inverse
relation between existing leverage and net debt issuance. By contrast, our model predicts that
some firms will not issue risky debt. They may still issue approximately riskfree debt, notably to
benefit from tax savings, and therefore adjust toward a low level of indebtedness. On the contrary,
other firms will issue substantial amounts of risky debt to maintain their high leverage. This is

consistent with a nonmonotonic empirical relation between existing leverage and subsequent debt

Opler, and Titman (2001) find that firms with better growth opportunities are more likely to issue equity rather
than debt and to repurchase debt rather than equity. Dinlersoz et al. (2019) find that, for publicly listed firms,
the relation between leverage and firm size is U-shaped, whereas Rajan and Zingales (1995) and Frank and Goyal
(2009) document a positive relation between leverage and firm size among publicly listed firms.

"They write: “The way theoretical work has typically addressed the low-leverage puzzle is by considering
plausible economic forces that would drive the optimal average leverage ratio down (e.g., Goldstein, Ju, and
Leland, 2001). However, this reconciles empirical facts with theory only insofar as average leverage ratios are
equated. What we show is that to explain the low-leverage puzzle one needs to explain why some firms tend not
to have debt at all instead of why firms on average have lower outstanding debt than expected, and most of extant
models fail on this dimension.”

18 Alternative explanations for the zero leverage puzzle generate different empirical implications. Equity can be
the optimal security in theories of security design in which the firm only sells part of the cash flows generated
by the asset for funding purposes. In particular, the reverse pecking order theory model of Fulghieri, Garcia, and
Hackbarth (2020) predicts that firms with stronger information asymmetries on the upside ( “growth options”) than
on the downside (“assets in place”) will issue risky debt rather than equity, i.e. they will not have zero leverage.
Our model generates the opposite prediction that this type of firm may issue (unleveraged) equity. Other papers in
this literature do not consider the upside and the downside aspects of firm valuation. They find that firms will issue
equity when firm insiders such as entrepreneurs are less informed than professional investors (Axelson (2007), Yang
and Zeng (2019)) or in young firms subject to strong uncertainty (Malenko and Tsoy (2020)). In Fulghieri and
Lukin (2001), selling equity to outside investors stimulates information acquisition by investors, which is especially
relevant for private firms which do not have as much equity research coverage as public firms. The information
environment that we consider can rationalize zero leverage in more established public firms.
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issuance: Dangl and Zechner (2021) find a change in net debt which is U-shaped when moving
from low to high leverage buckets.

Fourth, our results can shed light on an important limitation of the tradeoff theory of the
capital structure. According to Myers (1993), “The most telling evidence against the static trade-
off theory is the strong inverse correlation between profitability and leverage.” This limitation
has inspired a large literature (e.g. Frank and Goyal (2009), Danis, Rettl, and Whited (2014),
Eckbo and Kisser (2021)). Our model can explain this negative correlation, in a setting where the
capital structure is not affected by funding requirements or investment decisions.[r_g] Indeed, when
the upside is more relevant for firm valuation but is subject to strong information asymmetries,
the capital structure may not involve any risky debt, i.e. leverage will be comparatively low.
There is some evidence that firms with a valuable upside which is subject to strong information
asymmetries are highly innovative and profitable (Geroski, Machin, and Van Reenen (1993), Healy
and Palepu (2001), Cefis and Ciccarelli (2005)).

We conclude this section by providing suggestions and guidance for future empirical work.
An ideal empirical setup would distinguish between the following groups of firms, in decreasing
order of the upside/downside ratio: (i) small innovative firms with a plausible growth trajectory
(as opposed to small firms that will remain small by design) and an inconsequential amount of
existing assets; (ii) young but rapidly growing innovative firms with some assets; (iii) mature
firms with valuable assets that can still grow; (iv) very large and dominant firms with little upside
potential but substantial downside. In addition, an ideal empirical setup would have measures of
information asymmetry about the upside and the downside of an asset. For example, the upside
of a firm can be viewed as its growth opportunities, whereas its downside can be viewed as the
value of its assets in liquidation. This is in contrast to empirical studies that developed measures
of information asymmetry about an asset or a firm as a whole, notably to test the applicability
and relevance of the pecking order theory. Finally, some predictions require a distinction between
riskfree debt and risky debt, which generally cannot be boiled down to a measure of firm leverage.
For example, some firms with high leverage may also have valuable non-firm-specific assets that
can be used as collateral, so that their debt may still be approximately risk-free.

5 Conclusion

This paper studies the standard problem of maximizing the market valuation of an asset by
partitioning its cash flows into securities. It is well-known that, when assets differ along one
dimension of uncertainty, the capital structure is designed to maximize information revelation
via security prices: informed investors trade information-sensitive equity, whereas uninformed
investors trade information-insensitive debt (Boot and Thakor (1993)). This is beneficial to a

high-quality asset, which faces the highest adverse selection discount. In this paper, we have

19The pecking order theory already provides an explanation for this relation when security issuance is dictated
by funding needs: more profitable firms generate more cash internally, and therefore do not need to issue debt to
fund investment.
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analyzed the case in which assets differ along two dimensions of uncertainty, the upside and
the downside, and different investors are informed about different dimensions. Even though it is
possible to partition the asset’s cash flows so that each security is exposed to a different dimension
of uncertainty, we have shown that the compelling logic of Boot and Thakor (1993) cannot be
straightforwardly extended to this case. Indeed, tranching the asset’s cash flows into different
securities to maximize information revelation does not always maximize the valuation of an asset
with a high quality on both dimensions, nor does it always minimize the highest relative adverse
selection discount across asset types.

A novel empirical implication is that capital structures will involve a single information-
sensitive security (equity) only when there is more informed trading on the less value relevant
dimension of uncertainty. We have argued that this case may be relevant for innovative firms
subject to strong information asymmetries about their upside, and that it can contribute to ex-
plain the zero leverage puzzle. It can also help explain the negative correlation between firm
profitability and leverage observed empirically, and the cessation of risky debt issuance by firms
at an intermediate stage of their life cycle. In other cases, including for young and mature firms,
the model predicts that capital structures will generally involve an information-sensitive security
exposed to the upside — leveraged equity — and another one exposed to the downside — risky debt.

The model presented in this paper could be extended along several dimensions. The mod-
elization of uncertainty about the upside and the downside could be used to study other research
questions, including those that involve moral hazard. It would also be interesting to consider the
case with multiple assets and take into consideration that correlations across assets are different
with respect to the upside and the downside. Future research could also consider the security

design implications of other dimensions of uncertainty, such as those considered in Smith (2019).
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A  Proofs

Proof of Proposition [T}

Suppose that the market maker offers securities with payoff vectors (v,v,~) and (L —~, M —
v, H — ) for v € [0, L], associated with subscripts v and y, respectively. Denote by p, the t =0
price of the former, and by p, the t = 0 price of the latter. Denote by x, a trader’s demand for
the former, and by z, a trader’s demand for the latter.

Consider the optimization problem of a hedger with negative exposure to y = H:

Ty(L =~ = py) + 24(y — py) fory =1L
min var (0y(zy, z,)), where wy(zy,z,) = ¢ 2,(M —~ —p,) + 2,(y — p,) fory =M ,23)
Ty, Ty ~

—0n +ay(H =~ =py) +2,(y = p,) fory=H

where p, = p, with probability % (the unconditional probability with which the other trader is
buying equity), and p, = P, with probability % (the unconditional probability with which the
other trader is selling equity), with Dy > P, Given the zero riskfree rate we have p, = v, so that
x, is irrelevant; let = = z, to alleviate notations. Using var(w) = E[w?] — (E[@])?, and using
notations [y = L — v — P, M1 = M—~— P, hy=H—~vy— P, lo=L—~v—-Dp, ma=M-—~—p,

hy = H —~v — D, the optlmlzatlon problem rewrites as:

! 1 11 1 ’
mm Z ( 27+ :1: m;+ = ( Sp + xhy)? — (lez + %M + Z(—5H + fﬁhz)) ) (24)

The first-order condition (FOC) is:

1/1 1 1 1 1 1 1 1

i=1,2

The second-order condition is:

1(1, , 1, 1, 1 1\’
5154 C+ohi =2\l omi+ <y ) 2
E 2(211+m2+2h, (4l+2m +4h> >0 (25)

i=1,2

where the inequality can be explained as follows. Let the random variable Y; be equal to I; with
probability ;11, to m; with probability %, and to h; with probability %; the term in parentheses on the
LHS of equation is equal to twice the variance of Y; with the formula var(Y;) = E[Y?]—(E[Y;])?,
and its variance is strictly positive and independent from i, so that we can write var(Y;) = var(Y).
In the minimization problem in equation , the objective function is convex for any x, so that
the FOC is necessary and sufficient for a minimum. Solving the FOC for x, the optimum z* is
such that:
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2 U2l - Ihsy -2 (L, b b ) (Sl st SR ) = S0 (Sl smit Shi) ) =0
z:m( [ Ty } 2o (4 +2m+4 )(4 Tt > 2H(4 Mty ))

Srn (S22 4 42 -2 (Mt gt 2n)?) A Tegvar() 4 wer(y)

Likewise, for a hedger with positive exposure to y = H, the optimal market order for the security
with payoff vector described in equation ([74)) is:
o H —E[]

= 1 oarG) < 0. (26)

Consider the optimization problem of a hedger with negative exposure to y = L:

=0 +xy(L—v—py) +ay(y—p,) fory=1L
inixn var (0, (zy, ), where wy (zy,x,) = ¢ 2,(M — v —p,) + 2,(7 — p,) for y = M ,(27)
o xy(H — v = py) + 24(y — Dy) fory=H
where p, = p, with probability % (the unconditional probability with which the other trader is
buying equity), and p, = p, with probability % (the unconditional probability with which the
other trader is selling equity), with p, > p,. Given the zero riskfree rate we have p, = ~, so that
x., is irrelevant; let = = z, to alleviate notations. Using var(w) = E[@?] — (E[@])?, and using
notations ly = L —vy—py, mi =M —vy—py, i = H—v—py, lo =L —7v—Dy, ma =M —v—p,,

he = H — v — p,, the optimization problem rewrites as:

1 1 1 1 1 2

The first-order condition (FOC) is

1/1, , , 1o, 111 1 1 1
E (22 = 1 24 “aob2 o 2L = 2R ) [ (= Nt —aems 4+ —xh: | ) =
5 (2(93lZ Lidr) + xm; + Qxhl <4l, - 2ml+ 4hz> (4( op + xl;) + mel—l— 4xhz>) 0

i=1,2
The second-order condition is:
Zl Le ey Lo (L 1 0Ly 2 >0 (29)
55t =My 5y — Tl oMy T Sl )
= 2\2° Lo 4 2 4

where the reasoning is the same as for equation , and the random variable Y; is defined

similarly. Solving the FOC for z, the optimum x* is such that:
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Likewise, for a hedger with positive exposure to y = L, the optimal market order for the security
with payoff vector described in equation is

0y L —E[g]
4 var(y)

*_

> 0. (30)

With 6y = 1/(H — E[g]) and 6, = 1/(E[g] — L), we have:

SwH-EG_ 6L-EE oy HoEf 0,1 E[)
4 war(y) 4 wvar(y) ’ d 4 war(y) 4 war(y) (31)

1
1 var( )

with payoff vector (L —~, M — v, H — ) (“equity”), and the same market order z* =

That is, hedgers 1 and 2 submit the same market order z* = when they buy the security

11
~ dvar(y
when they sell it. Denote these two orders by ‘buy’, and ‘sell’, respectively. v

Using standard arguments, any informed trader who trades will buy or sell the same quantity
as a hedger (see ‘buy’ and ‘sell’ orders defined above), otherwise the order would reveal his
information to the market maker. An informed trader who observes either 6; = 1 or 6, = 1 will
buy, and an informed trader who observes either 6; = 0 or 6y = 0 will sell.

We now take the market maker’s perspective. For brevity, we relegate some detailed calcula-
tions including Bayesian updating to section [6] of the Online Appendix. For now, we postulate
that an informed trader trades based on his information (see below). Then, the asset’s market

price (the sum of security prices) conditional on observed orders is:
l+wm H  2—pp+pe M 1—ps L

Py (buy, buy) = 5 5 + 5 > + 5 3 (32)
1H M 1L
Py (buy,sell) = 33 + — 5 + 23 (33)
11— H 2 — e M 1 L
Py (sell, sell) = 2'u1 5} + il ,u; e > + ‘2#2 3 (34)

We take firm’s perspective, still postulating that an informed trader trades based on his infor-

33



mation. The expected market value of asset type 6, = 1,6, =1 is:

E [Pyl0; = 1,0, = 1] = Pr (buy, buy|6y, = 1,60, = 1) Py (buy, buy)
+Pr (buy,sell|f; = 1,6, = 1) Py (buy,sell) + Pr (sell,sell|f; = 1,60, = 1) Py (sell, sell)

1 1 1 1— 11—l
_ Lt +M2PU(buy,buy)+( —;'ul 2'u2—|— 2M1 —EM)PU(buy,sell)

2 2

1—py1—
2'u1 2M2 Py (sell, sell)

B 1+%(u?+u1uz)H 2+ 5 (—pf + p3) L+ 3 (—p3 — papse)

n 4 + 4 M 4

L (35)
The expected market value of asset type ¢; = 1,0 = 0 is:

E[Py|0, = 1,05 = 0] = Pr (buy,buyl|t; = 1,60, = 0) Py (buy, buy)
+Pr (buy,sell|f; = 1,6, = 0) Py (buy,sell) + Pr (sell,sell|f; = 1,60, = 0) Py (sell, sell)
1+3 (Mi— pafe) g 245 (i —4#% +2mp2) o 14 (Mi— i piz)

L (36)
The expected market value of asset type #; = 0,0, = 1 is:

E[Py|6y = 0,0, = 1] = Pr (buy, buy|6y = 0,6, = 1) Py (buy, buy)
+Pr (buy,sell|d; = 0,0, = 1) Py (buy, sell) + Pr (sell, sell|#; = 0,0 = 1) Py (sell, sell)

_ 1+%(_M%+M1M2)H+2+%(M%+M§_2M1M2)M+1"‘%(_#%"‘#1#2)
4 4 4

L (37)
The expected market value of asset type #; = 0,60, = 0 is:

E [PU’91 = 0, 92 = 0] = Pr (buy,buy|91 = 0, 92 = O) PU (buy, buy)
+Pr (buy, sell|¢; = 0,0y = 0) Py (buy, sell) + Pr (sell, sell|§; = 0,62 = 0) Py (sell, sell)
L (=i —ppe) o 245 —p3) 145 (43 + pap)

= H M
4 * 4 * 4

L (38)

The adverse selection discount ASDj .6, Which for any given asset type {01, 02} is equal to vg, g, —

E [PU|91702]7 iSI

1— 1,2 L2 42 14+ L(—p2—
ASD!. — (b mpe) o 3 (i), 145 (s — ) (39)
11 4 4 4
1— 12— 24l 242 1— 12—
ASD! . — 2(#1 M1M2)H_ "‘2( M1 — Ko Mlﬂ2)M+ 2(#2 M1M2)L (40)
10 4 4 4
1+ 2 (—u? 22—+ 22 14+ 1 (—p2
ASD(l)J _ + 5 ( Z1+M1M2)H+ 5 (17 +fz M1M2)M_ + 35 ( ljf+u1u2)L (41)
1+l 2 1 2,2 1_1 2+
ASDY, = — 2 ( /11 u1u2)H_2(u14 M) \r oy Q(MZ papz) (42)
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We now verify when an informed trader will trade based on his information. He will do so
whenever it is profitable once the price impact is accounted for. A trader 1 who observes #; = 1

will buy based on his information if and only if:

1 1 1 1 1 M —L
—-H+-M+-L> =P, —P, 11 2> 4
gH+ M+ L=g U(buy,buy)—{—2 v (buy, sell) & e (43)
A trader 1 who observes 6; = 0 will sell based on his information if and only if:
3 1 1 1 M—L
-M+-L< =P 11) + = Py (sell, sell 2> 44
1 —1—4 <3 U(buy,se)+2  (sell, sell) & _ul—i—ugH_M (44)
Likewise, an informed trader 2 will trade based on his information if and only if:
H-M
2> 45
2= 2+ f M— L (45)

When both equations and hold, any informed trader trades on his information. W

Proof of Proposition [2}

We analyze two cases: when equation does not hold (and equation holds); when
equation does not hold (and equation holds). For brevity, we relegate some detailed
calculations including Bayesian updating to section [f] of the Online Appendix.

Suppose that equation does not hold, so that trader 1 does not trade when informed. The
market maker is aware that one trade emanates from trader 2 (which occurs with probability 1),
and that two trades emanate from trader 2 and hedger 1 (which occurs with probability 1 — p;).
Thus:

H-M 1+ 1~ L+ M

Py (buy) = ———+ 2“2M+ 2“2 5
H-M 1- 14 o L+ M

Py(sell) = =+ 2“2M+ 2“2 >

Py (buy,buy) = Pr (6, = 1,0, = 1|buy, buy) vy (61 = 1,0, = 1)
—I—P’f‘ (91 = 1,02 = 0|blly7 buy) UU(91 = 1,92 = 0)
+Pr (0, = 0,0, = 1|buy, buy) vy (6, = 0,0, = 1)

+P7" (91 = 0,92 = O\buy, blly) vU(91 = 0,92 = 0)
1H 2+4pM 1—plL

_ M L 4
22 "2 272 32 (46)
\H M 1L

Py (buy,sell) = - 4+ — 4= 4
1H 2—ppM 1+l

Py (sellsell) = -~ 2 #2M TFML (48)

22 2 2 2 2
Using equations and , and equation with p; = 0, the expected market value of an
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asset with type 0y =1 is:

H-M 3+pi2M 1-p2L 1 2+ 143 1— 142
E[PU|01792:1] = ,LL1< + Iu2_+ MQ_)+(1—M1) (-H—l——QuzM—i— 2M2L)

4 2 2 2 2 4 4 4
1H 2+~ M 1—p3=2 L
SR IRl B (49)
2 2 2 2 2 2
Using equations and , and equation with p; = 0, the expected market value of an
asset with type 0y = 0 is:
BP0 = 0] = o (T 3 M LHBEY y (g 2o sy Ty
Ulb1, b2 = = 1 B B 5 9 H1 1 1 1
B 1H 2+M21+u1 M 1 — u21+#1 L 0
T 22 2 2 2 2 (50)
Suppose that equation does not hold, so that trader 2 does not trade when informed. The
market maker is aware that one trade emanates from trader 1 (which occurs with probability us),
and that two trades emanate from trader 1 and hedger 2 (which occurs with probability 1 — ps).
Thus:
1+wmH-M 3 L
Py (b = -M + =
v (buy) 5 5 T Mty
l—wpyH-—M 3 L
P 1) = -M+ —
b (sell 2 2 177
Py (buy,buy) = Pr(6; =1,05 = 1|buy,buy)vy(f; = 1,0, = 1)
+Pr (6, = 1,6, = 0|buy, buy) vy (6; = 1,05 = 0)
+Pr (6, = 0,05 = 1|buy, buy) vy(6; = 0,605 = 1)
+Pr (6, = 0,65 = 0|buy, buy) vy (6; = 0,05 = 0)
14w H 2—mpyyM 1L
_ = - 51
2 2 * 2 2 T3 22 (51)
17 M 1L
Py (b 1) = —— 2
l—wmH 24+mM 1L
P 11, sell) = — — 4+ =
v (sell, sell) 5 2+ 5 5 +22 (53)
Using equations and , and equation with ps = 0, the expected market value of an
asset with type 6; =1 is:
1+2H-M 3 1 I 2— 12 1
E[Py|0, =1,0,] = -M+-L 1-— 2 -H M+ =L
[Py|0y =1, 0,] ,u2< 5 5 taM+ + (1 = p2) 1 T T
1+ 21+M2 2 _#%M 1
= H 2 M+ -L 4
4 + 4 + 4 (54)

Using equations and , and equation with us = 0, the expected market value of an
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asset with type #; = 0 is:

1—pH—-M 3 1 1— 12 2+ 1p2 1
E[PU|01:0,62]:u2< al +—M+—L)+(1—u2)< 2y 2”1M+—L>

> 2 4771 1 1 1
1 — 214p9 + 2 14-po 1
- “41 2 {4 “41 M+ L (55)

Proof of Proposition [3}

Suppose that the market maker offers securities with payoff vectors (L, M, M) (risky debt)
and (0,0, H — M) (leveraged equity), associated with subscripts D and E, respectively. Denote
by pp the t = 0 price of the former, and by pg the t = 0 price of the latter. Denote by zp a
trader’s demand for the former, and by zg a trader’s demand for the latter.

Consider the optimization problem of a hedger with negative exposure to y = H:

xp(L — pp) + v5(—pE) fory=1L
min var (0 (zp,zg)), where wy(zp,zp) = ¢ 2p(M —pp) + 25(—pE) for y = M
TD,TE

—0pg +xp(M — pp) +xg(H — M — pg) fory=H

A variance of zero is achieved if and only if:

zp(L —pp) + zp(—pE) = 2p(M — pp) + ze(—pE) (56)
zp(M —pp) + 2g(—pe) = —0u +xp(M — pp) + x5(H — M — pg)
The first equality gives xp = 0, and the second equality gives xp = H‘s_HM. Likewise, for a hedger
with positive exposure to y = H, xrp =0 and zg = —H‘Z—HM.
Consider the optimization problem of a hedger with negative exposure to y = L:
—r +a2p(L —pp) +xp(—pe) fory=1L
min var (@E(xp,xE)) , where w; (xp,zg) =< xp(M — pp) + 25(—pEr) fory =M
TD,TE
xp(M —pp) +xg(H— M —pg) fory=H
A variance of zero is achieved if and only if:
—6p +p(L —pp) +2p(—pr) = 2p(M — pp) + 2p(—pE) (57)
xp(M = pp) + xp(—pe) = xp(M — pp) + xp(H — M — pg)
The second equality gives xr = 0, and the first equality gives xp = — M55 7. Likewise, for a hedger

with positive exposure to y = L, xp =0 and zp = M‘SEL.
Using standard arguments, if trader 1 is informed, he will buy or sell the same quantity of
leveraged equity as a hedger — either ‘buy’, corresponding to zp = H‘SfM, or ‘sell’, corresponding
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toxrg = — H‘S_HM — otherwise the order would reveal his information to the market maker. Likewise,
if trader 2 is informed, he will buy or sell the same quantity of risky debt as a hedger — either
‘buy’, corresponding to xp = %, or ‘sell’; corresponding to xp = —% — otherwise the order
would reveal his information to the market maker.

We now take the market maker’s perspective. For brevity, we relegate some detailed calcu-
lations including Bayesian updating to section [6] of the Online Appendix. The market price of

leveraged equity conditional on a buy or sell order is:

1+ H— M
Pu(buy) = Pr (6, = 1|buy)vg(6y = 1) + Pr (6; = 0[buy) vg(6, = 0) = 2“1 >
1 - H—M
Po(sell) = Pr (6, = 1]sell) vp(6y = 1) + Pr (61 = Ofsell) vp(6; = 0) = 2“1 .
The market price of risky debt conditional on a buy or sell order is:
1+ 1—ps L+ M
Pp(buy) = Pr(6s = 1|buy)vp(fs = 1) + Pr (65 = O[buy) vp(6s = 0) = QMM+ 2” >
1- 1+ ps L+ M
Pp(sell) = Pr (8, = 1jsell) up(6; = 1) + Pr (6 = Ofsell up(0 = 0) = —L20 + zm z

Total expected asset value (the value of leveraged equity plus risky debt) conditional on market

orders is:

4 mH 2= +pM 1—pl
V4 mH 2—p—psM  14psl

Pa(buy) + Pp(sell) = 2M5+ % M7+ f% (59)
l—mH 24m+pM 11—l

Pr(sell) + Pp(buy) = 2M5+ ’g’@5+ f% (60)
1= H 24— M 1+l

Pp(sell) + Pp(sell) = 2“1 5+ ”; a =+ 2“2 5 (61)

Finally, we take the firm’s perspective. Expected security prices depend on the asset type as

follows:
Emwfﬂ]zlzﬁH;M (62)
Emwﬁﬂ]zl;ﬁH;M (63)
M%m:u:32£%+?ﬁ% (64)
Emwfn]—3;@%+l%@§ (65)

Thus, total expected asset value for each asset type is described as in equations —.The

adverse selection discount ASDthQ, which for any given asset type {6,602} is equal to vg, g, —
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E [Pg + Ppl6y, 05], is:

1—

2 2 2 -1 2
ASD?, = -~ Mg MMy TG

66
1 1 A (66)
> L—pif =24 pf + 43 1— i
14+ 42 2 — u? — 2 —1+ 3
ASDZ, = IM1H+ “i “2M+%L (68)
_1 2 2 2 1,2
ASD?, = IMIH _ M - P2 s+ 4“2L (69)

With gy € (0,1), p2 € (0,1), and H > M > L, the adverse selection discount for an asset type
{1,1}, in equation (66)), is the highest. W

Proof of Lemma [1} The proof, which involves straightforward calculations, is relegated to
section [6.4] of the Online Appendix.

Proof of Proposition [}

Given Lemma (1} the only potential PBE are pooling equilibria in which all asset types are
associated with the same security design. Thus, the market market will offer either the security
design described in Propositions [I] and [2] or the security design described in Proposition 3]

To start, consider the case with max{; + ,ug%, o+ Ml%} > 2, so that potential equilibria
are described in Proposition 2| and . Suppose that p; + ug% > 2. Then the adverse selection
discount in the equilibrium of Proposition [2|is highest either for asset type {61,602} = {1,1} or for
asset type {01,602} = {1,0}. When equity is the only information-sensitive security:

1. The expected market value of asset type {1, 1} is as in equation in Proposition [2] This
is lower than the expected market value of the same asset type when leveraged equity and
risky debt are traded, as described in equation in Proposition .

2. The expected market value of asset type {1,0} is as in equation in Proposition . This
is lower than the expected market value of the same asset type when leveraged equity and
risky debt are traded, as described in equation (20) in Proposition .

In sum, for each of the two relevant asset types, the adverse selection discount is highest in the
equilibrium of Proposition[2] This implies that, for each of the two relevant asset types, the relative
adverse selection discount is highest in the equilibrium of Proposition [2| (dividing both sides of an
inequality by the same positive number does not change the inequality). It follows that the highest
relative adverse selection discount across asset types is also highest in this equilibrium. Likewise,
in the case with pis+ i =2 > 2, which involves asset types {61,605} = {1,1} and {6,065} = {0, 1},
the relative adverse selection discount is highest in the equilibrium of Proposition [2]

Let P; be a random variable that represents the market value of an asset under security design

i € {1,2}, where security design 1 is the one described in Propositions|l|and , and security design
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2 is the one described in Proposition 3] By definition of the adverse selection discount in equation
and the firm’s utility function with discount factor (3, a firm with asset type {6,605} sells its
asset given security design ¢ and the associated pricing schedule (described in Propositions [1H3]) if
and only if:
E[P|01,05] > 8 X vg, 9, < ASDj 0, <1-4. (70)
With § = 0, this condition is always satisfied since vy, g, > 0 and E [P;|0;, 0] > 0 for any {6, 6> }.
Proposition [1} or [2| describes the pooling equilibrium when all firms participate and use only
one information-sensitive security (equity), and Proposition |3| describes the pooling equilibrium

when all firms participate and use two information-sensitive securities (equity and risky debt).

We now show that only one of these potential equilibria is a PBE when /3 is as in Assumptlon I
ASD} ASDZ 4, by

V01,02

SD?2
01,62
V61,64

0
Consider the case maxy, g, 2 < maxg, g, , so that k; = 1 — maxy, g,

V61,09

ASD? —

definition of k;. First, because of Assumption , this implies that maxg, g, ﬁ > 1- 4.
1:92

Moreover, 8 has full support on [0, B] and, given security design 7, a given asset type participates

if and only if ﬁ < 1 — f (see equation ) Therefore, at least one asset type does not
participate with a strictly positive probability if the market maker offers the security design ¢ = 2
described in Proposition [3 Second, by definition of ks and because of Assumption [I} this case
with k2 = 1 — maxg, g, ADs, 0, also implies that maxg, g, Aii—é;j?

V01,02
participate if the market maker offers the security design ¢ = 1 described in Proposition [T, Thus,

< 1 — B, so that all asset types

since the MM derives a benefit from the firm accepting its offer, it optimally offers the security

design described in Proposition (I} l in this case.

ASD} ASD} ASD}
01,02 01,02 — 01,02
Consider the case maxy, g, voe, < MaXgy e, — M, SO that k1 = 1 — maxy, g, o, by
‘s ASDj 4 —
definition of k;. First, because of Assumption |1} this implies that maxp, g, ——== > 1 — f.
01,02

Moreover, 3 has full support on [0, B] and, given security design i, a given asset type participates
if and only if —9;;2 1 — B (see equation (70)). Therefore, at least one asset type does not
participate with a strictly positive probability if the market maker offers the security design i = 1
described in Proposition I2 Second, by definition of ks a/ils(li) because of Assumption [I} this case

< 1 — B, so that all asset types

v

91 )

ASD
with ky = 1 — maxg, g, — 9; 2 also implies that maxy, g,
1:Y2

participate if the market maker offers the security design ¢ = 2 described in Proposition [3 Thus,
since the MM derives a benefit from the firm accepting its offer, it optimally offers the security

design described in Proposition B in this case.

SD2 SD}
91,62 01,92

V01,62 V61,62
already established, so the market maker optimally offers the security design described in Propo-

sition 31 W

A
When max{u; + ,ugH M, o + pi . L} > 2, we have maxy, g, < maxy, g,
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Online Appendix

Capital Structure with Information
about the Upside and the Downside

1 Optimal securities

This section considers general securities, without restricting attention to debt and equity.
Securities are such that the payoff of security h at ¢ = 1 can be a function of asset output y, and
is denoted by s,(y). The payoff vector of security h is (sp(L),sp(M), sp(H)). For any number
N € {1,2,...} of securities used, securities’ payoffs must satisfy:

sp(y) >0 fory e {L,M,H} (71)

WE

Sh(y) =Y fOI'yG {LaMaH} (72)
h=1

First, any security must have a nonnegative payoff in any state (equation (71))). Second, as in
seminal security design papers (Allen and Gale (1988) and Boot and Thakor (1993)), designing
securities is equivalent to splitting claims on the asset’s output (equation (72))). Securities with
linearly dependent payoffs (a payoff vector of (s, s, sf) for one security and of (ks’, ks™ ks")
with &£ > 0 for another) are counted as one security.

In principle, there is an infinity of optimal security designs, including security designs with
redundant securities, and security designs that are equivalent for asset valuation when trading is
costless. Assumptions [2] and [3] allow us to narrow down the set of potentially optimal security

designs by postulating small costs of security issuance and trading.

Assumption 2. A security design with n securities, with n > 2, involves an incremental cost
c(n) > 0 for the market maker.

Assumption 3. the market maker incurs an additional cost for any market transaction above the
second ]

We now specify how these costs enter the market maker’s objective function. In this section,
we assume that the market maker has lexicographic preferences whereby it first maximizes the
probability that the firm accepts the offer, and second it minimizes the administrative costs in
Assumptions 2] and [3] This captures the notion that these costs are small compared to the adverse
selection problem. Assumption [2| allows to rule out security designs with redundant securities.
Assumption [3] allows to rule out security designs which result in unnecessary transactions.

20Tf the cost of two market transactions were equal to C' > 0, the fair pricing condition would need to be modified
to incorporate that cost, and so would market pricing and firm valuation. To simplify the exposition, since there
will be at minimum two transactions, and since it is the relative cost of additional transactions that matters for
security design, we set this cost to zero.



The next Lemma uses Assumptions [2| and [3| to reduce the set of potentially optimal security
designs to the ones described in Propositions 1| and [5| (the latter, in section [2| of this Online

Appendix, is a generalization of the security design described in Proposition (3).
Lemma 2. The market maker will only offer security designs of the following types:

e The securities have payoff vectors of the following form, with v € [0, L]:

v, 7, 7) (73)
(L—=vM—~,H=v)=(L,MH)— (7,7,7)- (74)

e The securities have payoff vectors of the following form, with " € [0, L]:

(L—T,M—T,M —T)=(L,M,M)— (I',T,T) (75)
(I,I,H — M +T)=(0,0,H — M)+ (I,I, ). (76)

We now explain the logic behind Lemma [2 In the first case, security issuance is such that
markets are incomplete. Then there is only one information-sensitive security, so that the se-
curity design is either unleveraged equity (for v = 0) or riskfree debt and leveraged equity (for
v € (0,L]). In the second case of Lemma [2] since a riskfree asset already exists, the markets
are complete with two assets with nonconstant and linearly independent payoff vectors. In the
absence of arbitrage opportunities, the overall value of the asset (the sum of securities’ values) is
independent of security design as long as markets are complete. Furthermore, payoff vectors in
equations and are the only ones such that only two securities are used, and a hedger
optimally trades only one of these two securities, which minimizes the security issuance costs and
transaction costs borne by the market maker.

Proof of Lemma [2k

First step. Consider for now a security design offered by the market maker that does not
involve two or more securities with nonconstant and linearly independent payoffs. There are two
possible cases. First, suppose that the security design involves only one security. Because of
the assumption in equation , this security must be unleveraged equity with a payoff vector
(L, M, H). Second, suppose that the security design involves two or more securities — but not two
securities with nonconstant and linearly independent payoffs (this case is studied below in the
second step). Unless the security design involves a riskfree security with constant payoff vector
and another security, this is a contradiction, since by assumption two securities with linearly
dependent payoffs are counted as one security. Thus, the only remaining possibility is that the
security design involves a riskfree security and another security which must be such that the
assumption in equation holds. These two securities therefore have payoff vectors: (7,7, 7)
and (L —~v, M —~,H — ), with v € (0, L] (7 = 0 corresponds to the first case mentioned in this
paragraph). This concludes the first step.



Second step. Consider for now a security design offered by the market maker that involves
two or more securities with nonconstant and linearly independent payoffs. Consider a postulated
equilibrium with a security design different from the one described in equations and
in Lemma [2] The proof will show that there exists another equilibrium with a security design
as described in equations and instead which is strictly preferred by the market maker

With a security design with two securities with nonconstant and linearly independent payoffs,
the assumed existence of the riskfree asset then implies that there are three assets with linearly
independent payoffs. Given that the economy has three possible states of the world (L, M, and H),
this in turn implies that markets are complete. When markets are complete, portfolio allocations
and prices can equivalently be analyzed with existing securities or with contingent claims. We
now use the latter approach.

First, consider market orders. Let @, (x) denote the stochastic wealth of a hedger with negative
exposure 0y to y = H with portfolio x = {z, 2, 2y }. The problem of this hedger is to choose

a portfolio of contingent claims such that:

xL—Zk:L,M,kapk fory:L
minvar (0 (x)), where wy(x) =1 xp — > k—r. .1 TPk fory =M (77)

=0y + Ty = Y p—p g Tk fory=H

The solution to this optimization problem is simply: x = {0, 0, 0 }, which achieves a zero variance.
Likewise, a hedger with positive exposure dy to y = H chooses the portfolio of contingent claims
x ={0,0,—0g}, and a hedger with positive (negative) exposure o7, to y = L chooses the portfolio
of contingent claims x = {—4.,0,0} (x = {d.,0,0}).

Second, consider asset valuation. When markets are complete, in the absence of arbitrage the
vector of state prices exists and is unique. Denote state prices by {pr,pa, pr}. The price of any
security h with payoff vector (sp(L), sp(M), sp(H)) is then: Py =3 _; 3/ 5 pysn(y). Firm value
is the sum of security prices:

N
Y P = pysn(y) = Y by
h=1

1 y=L,M,H y=L,M,H

Sh(y) = Z PyY, (78>

N
h= y=L,M,H

i

where the last equality uses equation ([72). Thus, asset valuation only depends on state prices,
which are independent of security design as long as markets are complete.

In sum, any security design with strictly more than two securities with nonconstant and linearly
independent payoffs yields equivalent market orders and asset valuation as a security design as
in equations and , but the latter is strictly preferred by the MM due to the incremental
security design cost that would be incurred by the MM with the former.

In the last part of the proof, we will consider the subset of security designs with two securities
with nonconstant and linearly independent payoffs. We will describe the structure of security

payoffs such that a hedger can achieve a variance of zero by trading only one security. This type



of security design, if it exists, will be strictly preferred by the MM to other security designs in the
aforementioned subset, since it minimizes the transaction costs incurred by the MM.

Consider the optimization problem of a trader with negative exposure dy to y = H, and
consider a given security with payoff vector (sp(L),sp(M),sp(H)), denoted as security F' with

price pg:

DSFSF(L) — TFPF fory =L
minvar (0 (zr)), where wy(zp) =1 xpsp(M) — zppr fory =M (79)

TF

—0g +xpsp(H) —xpprp fory=H
A variance of zero is achieved by trading only this security if and only if:

rpsp(L) — xppr = xpsp(M) — xppr = =0y + xpsp(H) — xppr (80)

& sp(L) = sp(M), se(H) £ 5p(M), and oy = —e s (51)

i.e., a variance of zero can be achieved if and only if the payoff vector of the security takes the

form (I', T, '), with F' # I'. In this case, and only in this case, the hedger with negative exposure

to y = H can achieve a variance of zero by trading only one security, with xp = %. The
demonstration for the case of a hedger with positive exposure to y = H is similar (he achieves a
variance of zero with xp = —%).

Now consider the optimization problem of a trader with negative exposure ¢, to y = L, and

consider a given security with payoff vector (sf(L),sf(M),s;(H)), denoted as security f with
price py:

—0r +xypsp(L) —xppy fory=1L
minvar (w; (zr)), where wy (zy) = ¢ x78;(M) — x5p; fory=M (82)
’ zrsp(H) — xsps fory=H

A variance of zero is achieved by trading only this security if and only if:

—0r +xysp(L) —xypy = xp5p(M) — wypp = xp5¢(H) — 24Dy (83)

& sp(f) =sp(M), sp(L)#sp(M), and ;= _5f<M)5i sp(L)’

i.e., a variance of zero can be achieved if and only if the payoff vector of the security takes the

form (f, k, k), with f # k. In this case, and only in this case, the hedger with negative exposure
to y = L can achieve a variance of zero by trading only one security, with z; = —k‘s_—Lf. The

demonstration for the case of a hedger with positive exposure to y = L is similar (he achieves a
variance of zero with z; = k‘i—Lf)
We have shown that a hedger with exposure to y = H can achieve a variance of zero by trading

only one security if and only if this security has a payoff vector of the form (I', ', F') with " # F.



Likewise, a hedger with exposure to y = L can achieve a variance of zero by trading only one
security if and only if this security has a payoff vector of the form (f, k, k) with f # k.
Now consider a security with payoff vector (I',T", F'), and another security with payoff vector

(f,k, k). These parameter values must be such that assumption on security design is satisfied:

I+f=L
T+k=M (85)
k+F=H

This is a system of three linear equations with four unknowns. This system has an infinity of

solutions, which must satisfy:

f=L-T
k=M-T (86)
F=H-M+T

where, according to assumption , the free parameter I' is such that I" € [0, L]. That is, for
I' € [0, L], the securities with payoffs (I', ', F') and (f, k, k) have payoff vectors such that:

(fkk)=(L—-T,M—T,M —T) = (L,M,M)— (I',T,T) (87)
(I,I,F)=(I',I,H — M +T) = (0,0,H — M) + (I,T",T) (88)

In sum, the securities described in equations and , for T' € [0, L], make up the only se-
curity design consisting of two securities with nonconstant and linearly independent payoffs such
that a hedger trades only one security. As is standard, an informed trader will submit the same
trades as a hedger, otherwise he would be identified as an informed trader and make zero profit.

This concludes the second step. W

2 Composite securities

In this subsection, we revisit the trading phase equilibrium in section by considering secu-
rities with payoff vectors (L —I') M —I'y) M —T') and (I'\,T'y H — M +7T) for I € [0, L]. These are
composite securities which were derived in section [I] of this Online Appendix. The first security
has the payoff of debt with face value M, with payoff vector (L, M, M), minus a riskfree security
with payoff vector (I', ', I") where I' € [0, L]. The second security has the payoff of leveraged eq-
uity, with payoff vector (0,0, H — M), plus the same riskfree security with payoff vector (I, ', T").
For example, in the polar cases I' = 0 and I' = L, the payoff vectors of the securities used are:

(L, M, M)
(0,0, H — M)

(0,M —L,M — L)

(L,L,H— M+ L) (89)

WithF:O:{ WithF:L:{



With I' = 0, the securities are debt with face value M and leveraged equity, as in Proposition
Bl With I' = L, there is a composite security which combines senior debt with face value L and
equity, and the other security is junior debt with face value M — L. Intuitively, the asset generates
an output of L in the worst case scenario, and this baseline level of output can be allocated either
to the risky security exposed to the downside of the distribution (“risky debt”), with T" = 0, or to
the risky security exposed to the upside of the distribution (“leveraged equity”), with I' = L, or
it can be allocated partially to both, with I' € (0, L).

The expected payoffs conditional on asset type {61,602} of “leveraged equity” (indexed by E)
and “risky debt” (indexed by D), respectively, are:

UE(91:1):¥+F, ?)E((glz()):F,

90
’UD<92:1):M—P, 'UD(@QZO):M_F ( )

The value of leveraged equity only depends on #;, and the value of risky debt only depends on 6s.

To focus on properties of this equilibrium when the firm accepts the market maker’s offer and
sells its asset, we simply assume that 5 = 0, i.e. the firm is highly “impatient”. Proposition
generalizes as follows.

Proposition 5. When securities offered by the market maker have payoff vectors (I',T', H—M+T)
and (L—T,M —T,M —T) forT € [0, L]:

e Trader 1 trades leveraged equity by submitting a market order for a quantity Hé_—HM. A hedger
with a negative (positive) exposure to y = H buys (sells) this amount; an informed trader
who observes 01 = 1 buys this amount; an informed trader who observes 61 = 0 sells this
amount.

Trader 2 trades risky debt by submitting a market order for a quantity %. A hedger with
a negative (positive) exposure to y = L sells (buys) this amount; an informed trader who

observes 6o = 1 buys this amount; an informed trader who observes 05 = 0 sells this amount.

e The market price Pg of leveraged equity conditional on the observed order is:

14 H— M

Pplbuy) = —SH=——+T (91)
1w H-M

Po(sell) = 2m ;T (92)

The market price Pp of risky debt conditional on the observed order is:

1+ 1=y L+ M

Pp(buy) = 2M2A4~+-——§£E —-T (93)
1 1o L+ M

Po(sell) = 2H2A4+——%¥2 ‘z T (94)



o The expected market value of the asset conditional on asset type is:

E[Py+ Polfy=1,0,=1] — 12M%H+2_ME+M%M+1_4M§L (95)
E[Py+ Pploy = 1,0, =0] = 1ZM%H+2_M§1_M§M+1ZM§L (96)
E[Pp+ Pplor = 0,0, = 1] — 1_4'U%H+2+ME+M§M+1_4M%L (97)
E [Py + Polfy = 0,0, = 0] — 1_4M%H+2+€_M§M+12M3L (98)

Even though the prices of each of the two securities depend on the parameter I', the market
value of the asset does not, since changes in I' merely reallocate a constant payoff across securities.
Proposition |5 and its proof below are therefore very similar to Proposition |3| and its proof, and

some parts are abbreviated.

Proof of Proposition [5}

Suppose that the market offers offers securities with payoff vectors (I'\I' H — M + I') and
(L-T,M—-T,M—-T)forT" € [0, L], for " € [0, L], associated with subscripts D and E, respectively.
Consider the optimization problem of a hedger with negative exposure to y = H:

tp(L—T —pp) + 2l —pE) fory =L
min var (0 (zp,2g)), where wy(zp,zp) = ¢ zp(M =T —pp) + 25(l — pr) fory=M
TD,TE

—og+xpM —T —pp)+ag(H—M+T —pg) fory=H

A variance of zero is achieved if and only if:

JJD<L —I'— pD) + IE(F —pE) = ZUD(M —I'— pD) + J?E(F — pE) (99)
The first equality gives xp = 0, and the second equality gives xp = H‘S_HM. Likewise, for a hedger
with positive exposure to y = H, xtp =0 and xp = —H‘s_—HM.
Consider the optimization problem of a hedger with negative exposure to y = L:
—6r +2p(L =T —pp) + 2p(l" — pE) fory =1L
min var (@ (zp,zg)), where wy (zp,zp) =4 xp(M —T —pp) + 25 — pg) fory=M

TD,TE

tp(M =T —pp) +ap(H—-M+T —pg) fory=H

A variance of zero is achieved if and only if:

{ —6r +2p(L =T —pp) +2p(l' —pr) =2p(M =T — pp) + 2p(l' — pr) (100)

ep(M =T —pp) +axg(l' —pg) =2p(M =T —pp) +2g(H—-M+T —pg)

or
M—-L"

The second equality gives xp = 0, and the second equality gives zp = — Likewise, for a



hedger with positive exposure toy = L, xg =0 and zp = foL.

Using standard arguments, if trader 1 is informed, he will buy or sell the same quantity of

leveraged equity as a hedger — either ‘buy’, corresponding to zp = H‘SHM, or ‘sell’, corresponding

torgp = — H‘S_H — otherwise the order would reveal his information to the market maker. Likewise,

if trader 2 is informed, he will buy or sell the same quantity of risky debt as a hedger — either

6L 5L
M-L> M—L

would reveal his information to the market maker.

— otherwise the order

‘buy’, corresponding to zp = or ‘sell’; corresponding to xp = —

We now take the market maker’s perspective. The market price of leveraged equity conditional
on a buy or sell order is:

! bu} = I = = 1+ H-M
E( ) r (91 1|bu'y)vE(91 = 1) + Pr (01 = O]buy) UE(91 = O) = 2l r
! E\S€ = Pr(th = e 0, = + Pr (0 1 - % H—-M

(S H) ( 1 ].lS H) UE( 1 ].) 7”( 1= O|S€H) UE(el = O) = 1 T

The market price of risky debt conditional on a buy or sell order is:

Pp(buy) = Pr(6y =1|buy)vp(fs = 1)+ Pr (6, = 0|buy) vp(f2 = 0)

1 _
_ +,UQM+1 M2L+M_F
2 2 2
Pp(sell) = Pr(6y = 1|sell) vp(6y = 1) + Pr (6 = O|sell) vp(h2 = 0)
1—
2 2 2

Total expected asset value conditional on market orders is:

T+ mH 2—pp4pM 1—pl
N 2 >t 535 101
2 2+ 2 27L 2 2 (101)
1 H—M 1— 1 L+ M
Pg(buy) + Pp(sell) = zul 5 IT4 2#2M+ —;/.1/2 —; T
L+ H 2= pm—ppM 1+l
N 2 >t 3 102
2 2+ 2 2Jr 2 2 (102)
l—w H—M 1 1— s L+ M
Peloell) + Po(buy) = —H=S 4T M 4 2
l—mH 24m+pmM 1—pl
N 2 >t 535 103
2 2+ 2 27L 2 2 (103)
- H—M 1— 1 L+ M
Pg(sell) + Pp(sell) = 2/“ . AT 2M2M+ 2/12 —; T
l—mH 24m—paM  14pyL
B 2 5 T3 3 104
2 2+ 2 2Jr 2 92 (104)

Finally, we take the firm’s perspective. Expected security prices depend on the asset type as



follows:

1 H—-M
E[Pplt, = 1] = J;ﬂl Mor
1—uw?H-M
E[Pg|6, =0] = 2”1 - 4T
3+[L%M 1 M%L
E[Pplf, =1 = M L
[ D| 2 ] 5 5 + 5 5
3—p2M 1+ 3L
E[PplOy = — M L .
[Pplf = 0] 53 5
Total expected asset value for different asset types are:
1 2 9 _ 2 2
1 2 92— 2
1 — p? 2 2 2
E[Pg+ Ppl6; =0,0, =1] = 4“1H+ +ui+M2M+
1 — p? 2 2 _ 2
E[Pp + Ppltr = 0,0, = 0] H+ HZ B+

(105)
(106)
(107)

(108)

(109)
(110)
(111)

(112)

The adverse selection discount ASD} .6, Which for any given asset type {01, 02} is equal to vg, g, —

E[PE + PD]91,92], 1S:

1—,u2 MQ_MQ —1+,u2
ASD?, = L L P2ap4 — 27,
11 4 + 4 + 4
1 — 2 ) 2 2 1— 2
ASD?, = — Mg TetiAs,, Ty
’ 4 4 4
14 2 2 — 12— 2 —1 + 3
ASDZ, = My 2Tz, T
, 4 4 4
-1 2 2,2 1 — 2
ASD&O — jl_ lul H o lul 4 /"LQM + 4“2[]

(113)
(114)
(115)

(116)

With 4y € (0,1), pe2 € (0,1), and H > M > L, the adverse selection discount for an asset type

{1,1} in equation ((113)) is the highest. H

3 High discount factor

Let § — 1. By construction, in any equilibrium that involves the participation of more than

one asset type, the adverse selection discount will be strictly positive for some asset types, and

strictly negative for other asset types (according to the zero profit condition for the market maker,

the adverse selection discount must by construction be zero on average across participating asset

types in any potential equilibrium). As 8 — 1, this is a contradiction, because an asset type with



a strictly positive adverse selection discount will optimally not participate.

Consequently, the only possible equilibria involves the participation of either zero or one asset
type, whose adverse selection discount is by construction zero (since its type is known). Since
the market maker maximizes the probability of asset type participation, the selected equilibrium
involves the participation of one asset type. Suppose that this asset type is other than the
low type on both dimensions ({0,0}), with intrinsic value vg, g, as defined in equation (1)), with
{61,602} # {0,0}. Then by fair pricing, market valuation is vy, g,, which is strictly higher than the
intrinsic value vg of a {0,0} type. This implies that asset type {0,0} will participate as well,
a contradiction. In sum, the only possible equilibrium involves the participation of a {0,0} type

which is priced as vg (see equation ) regardless of market orders.

10



4 Plots of the highest relative adverse selection discount

Figure [11] depicts the ratio of the adverse selection discount (ASD) to intrinsic asset value as
a function of the probabilities of informed trading p; and o for the security designs described in
sections [2.1] and and several values of the upside H — M and downside M — L. Demarcations
in the surfaces correspond to changes in the expression for the highest relative ASD, due either
to changes in the asset type with the highest relative ASD or to changes in the relevant set of
parameter values (cf. the condition that differs in Propositions [1| and . The discontinuities in
the orange surface correspond to points such that highest ASD with the security design described
in section [2.1] switches from the one described in Proposition [I] to the one described in Proposition

2

~ 00 05 1.0 0.0 05 1.0

H1 H1
Figure 11: Highest ratio of the adverse selection discount to intrinsic asset value for two capital
structures.

In all panels, as a function of p; and uo, the orange surface is the highest value of ASD}J Vi j
across asset types, and the blue surface is the highest value of ASD?J /vi; across asset types. Top
row left: H — M =1, M — L = 1. Top row right: H — M = 0.5, M — L = 1. Bottom row left:
H—-M=1, M — L =0.5. Bottom row right: H — M =1, M — L =0.1.

11



5 Probability of informed trading and value relevance

This section studies numerically the outcome when the probability of informed trading is
increasing in the value-relevance of each dimension of uncertainty. We assume that the greater
the upside H — M (respectively downside M — L), the higher the probability of informed trading
on the upside (resp. downside). Specifically, letting X be the upside H — M or downside M — L, we
let the probability u of informed trading on this dimension be u = a x X?, for a € (0,1), b € (0,2),
and several values of X € (0, 1], which ensures that p; € (0,1) and ps € (0,1). The parameter a
parameterizes the sensitivity of the probability of informed trading to the value-relevance of each
dimension of uncertainty. The parameter b parameterizes the curvature of this probability with
respect to the value-relevance of each dimension of uncertainty: it is concave for b < 1, linear for
b =1, and convex for b > 1.

Numerical results in Figure have the following implications. First, if both dimensions of
uncertainty have the same value relevance (H — M = M — L), the highest ASD is the same
for both types of capital structures, so that the market maker is indifferent with regards to the
capital structure offered. Second, if the probability of informed trading is higher for the more
value relevant dimension of uncertainty, then the equilibrium involves two information-sensitive
securities — leveraged equity and risky debt. Indeed, in this case, the intra-subsidy effect does not
exist.

Demarcations in the surfaces correspond to changes in the expression for the highest relative
ASD, due either to changes in the asset type with the highest relative ASD or to changes in
the relevant set of parameter values (cf. the condition that differs in Propositions [1] and [2).
Discontinuities in the orange surface correspond to points such that the highest relative adverse
selection discount with the security design described in section switches from the one described

in Proposition [I] to the one described in Proposition [2|

12
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a

Figure 12: Highest ratio of the adverse selection discount to intrinsic asset value for two capital
structures.

In all panels, the orange surface is the highest value of ASDZ{j /vij across asset types, and the blue
surface is the highest value of ASD?’]. /v j across asset types. In all cases, we have p; = ax (H—M)?,
and py = a x (M — L)*. Top row left: H =2, M =1, L = 0. Top row right: H = 1.5, M = 1,
L = 0. Bottom row left: H =2, M =1, L = 0.5. Bottom row right: H =2, M =1, L =0.9.
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6 Bayesian updating: additional calculations

6.1 Additional calculations for the proof of Proposition [1}

The probability of buy or sell orders (non-ordered) conditional on asset type is:

Pr (buy,buylf; = 1,6, =1) = 1+2M11+2u2

Pr(sell;sell|lfy = 1,6, =1) = 1 —zul 1 _2M2

Pr (buy,buy|f) = 1,0, =0) = 14'2/‘11—2%
Pr(buy,sell|f; = 1,0, =0) = 1—;“112#2 1—2M11—2M2
Pr(sell,sell|lf; = 1,0, =0) = 1 —2,ul 1 ZMQ

Pr (buy, buy|0, = 0,0, = 1) = -~ _2“1 1 zug

Pr(buy,sell|ty = 0,0, =1) = 1—’_2/“1‘;#2 1—2M11—2M2
Pr(sell;sell|lfy = 0,0, =1) = 1 ‘2#1 1 —2,u2

Pr (buy,buy|t; = 0,0, =0) = 1_2“11_2/@

Pr(sell,sell|f; = 0,0, =0) = 1 ‘;,lh 1 z/@

14



Using Bayesian updating, the distribution of él, 65 conditional on observed orders is given by:

Pr(6; = 1,0, = 1|buy, buy)
Pr(6; = 1,05 = 1|buy, sell)
Pr (6, = 1,05 = 1]sell, sell)

Pr(6; = 1,0y = O|buy, buy)
Pr(6; = 1,05 = 0|buy, sell)
Pr(6; = 1,05 = 0lsell, sell)

Pr (6, = 0,0 = 1|buy, buy)
Pr (6, = 0,0y = 1|buy, sell)
Pr (6, = 0,0y = 1|sell, sell)

Pr(6; = 0,60, = 0|buy, buy)
Pr (6, = 0,05 = 0|buy, sell)

Pr (6, = 0,0y = 0[sell, sell)

The asset’s market price (the sum of security prices) conditional on observed orders is:

TR ltmltp
! 2 2
<1+2M1 1;#2 +1J;“21;u1)%1 _1(1_'_#11_“2
I 2\ 2 2 2

L=l —po

2 2
T+ 1 — po

2 2
1(14'/111‘1‘,“2 1—M11—/~02>
2 2 2 2 2
1 —pn 1+ po

2 2
L— i1+ po

2 2
l<1+/¢11+ﬂ2 1—M11—#2>
2 2 2 2 2
T+ pr 1 —po

2 2
1‘#11—M2

2
1(14'#11—#2 1+M21—M1>
2 2 2
T4 14 pe

2 2
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Py (buy,buy) = Pr(6; =1,0 = 1|buy,buy)vy(f; = 1,0, = 1)
—|—P7” ((91 = 1,92 = O\buy, buy) UU(91 = 1,(92 = O)
+Pr (61 = 0,92 = 1|blly, buy) UU(el = 0,62 = 1)

+PT (61 20,92 :0|buy,buy) UU(91 :0,62 :O)
1+,u11+u2H+M+1+u11—u2H+L

2 2 2 2 2 2
1— 1 1—p 1l —ps L+ M
M1 +M2M+ M1 po L+
2 2 2 2 2
l+wmH  2—mpm+pM  1—p L
_ H Mo l=mh 11
2 2 2 2 + 2 2 (117)
1 1+M11—/L2 1+,U/21—/L1 H+M 1 1+M11+M2 1—,LL11—,U,2 H+L
Py (b 1) = = z
 (buy, sell) 2( 2 2 2 2 > a2 T2 T 2
1 1+M11+M2 1—,U/11—M2 1 1+M11—M2 1+/L21—,Uq L+ M
- ML=
2( 2 2 + 2 2 +2 2 2 + 2
_ L ML (118)
22 0 2 22
11—y 1l—ppo H+M 1—pq1 H+ L
Py (sellsell) = — M2 H BT T H AT
2 2 2 2 2 2
1 1-— 1 1 L+ M
+ P2 ar o +pr L+ po L+
2 2 2 2 2
L= H  24p—peM  14pu L
_ H M e & 11
2 2 2 2 + 2 2 (119)

6.2 Additional calculations for the proof of Proposition 2]

Suppose that equation does not hold, so that trader 1 does not trade when informed. The
market maker is aware that one trade emanates from trader 2 (which occurs with probability p,),

and that two trades emanate from trader 2 and hedger 1 (which occurs with probability 1 — ).

16



Thus:

Py (buy)

Py (sell)
PU (bUY7 bHY)

Py (buy, sell)

Py (sell, sell)

H-M 1+4p. . 1—pwL+M
M
4 + 2 + 2 2
H-M 1-—py  1+4mL+M
M
4 + 2 + 2 2
Pr(0; = 1,0, = 1lbuy,buy) vy (1 = 1,05 = 1)
+Pr (0, = 1,0, = 0|buy, buy) vy (6, = 1,0, = 0)
+Pr (0, = 0,05 = 1|buy, buy) vy (6 = 0,0, = 1)

+Pr (0, = 0,05 = 0|buy, buy) vy (6, = 0,60, = 0)

ll—i—#gH—FM_}_ll—,ugH—i—L 11+u2M+l1_u2L+M
H 2amM d-mr 2

2 - M2
527 2 2 2 2 (120)
1 /11 —pp 14puwI\H+M 1 (11+p 11—p\ H+L
5(5 2 2 5) 2 +§(§ 2 2 2 ) 2
1 11+M2 11-#2 1 11—,U/2 1+M21 L+ M
§<§2+§2> 5(52 25)2
g M 1L (121)
22 "2 " 22
1l—pH+M 114pH+1L 11—M2M+11+M2L+M
27 2 2 2 2 2 27 2 27 2 2
18 2mwM 1tml (122)
22 2 2 2 2

Suppose that equation does not hold, so that trader 2 does not trade when informed. The
market maker is aware that one trade emanates from trader 1 (which occurs with probability us),

and that two trades emanate from trader 1 and hedger 2 (which occurs with probability 1 — us).

17



Thus:

Py (buy)

Py (sell)
PU (bUY7 bHY)

Py (buy, sell)

Py (sell, sell)

-M
2 2 +4 *
l—mH-M 3

—-M
2 2 +4 +4

Pr(0; = 1,0, = 1lbuy,buy) vy (1 = 1,05 = 1)
+Pr (0, = 1,0, = 0|buy, buy) vy (6, = 1,0, = 0)
+Pr (6, = 0,6, = 1|buy, buy) vy (6; = 0,05 = 1)
+Pr (0, = 0,05 = 0|buy, buy) vy (6, = 0,60, = 0)
l+mlH+M 1+ml1H+L

2 2 2 2 2 2

1 _
2 2 2 2 2

l+mH 2—mM 1L

2 2 2 2 22
1 11— \H+M 1 1+u1
() e e (s
1 1+
2 2
H
2

L
4
L

(123)

2 2 2
11—u1)L+M

11
2 2 2
l+ml 1=l 1 1
M z
( 2 2Jr 2 2 Jr2 2+
M 1L
—+ - 124
2+22 (124)
mlH+M 1—wm1H+L
2 2 2 2 2 2
M z

* 2 2 * 2 2 2
l—wH 24+mM 1L

2 2 2 2 22

+

2 2 2

1
2
1

(125)

6.3 Additional calculations for the proof of Proposition 3}

The probability of buy or sell orders conditional on asset type for leveraged equity is:

Pr(buylfy =1) =+ (1 - )5 =

Pr(selllpy =1) =

18



Using Bayesian updating, the distribution of 6, conditional on observed orders is given by:

Pr (6, = lforder) = Lrli0order)  Priorderléy) Pr(6, = 1)

Pr(order) Pr (order)
14p1 1
Ll
Pr(6; =1buy) = —2-2= i
5 2
1—
Pr(6; =0lbuy) = 2'u1
1—
Pr(0; = 1sell) = 2,u1
1
Pr (61 = 0lsell) = z#l

The probability of a buy or sell order conditional on asset type for risky debt is:

1
Pr(buylf; =1) = pa+(1-p)5 =

Pr(selllfo =1) =

Using Bayesian updating, the distribution of 6, conditional on observed orders is given by:

Pr (0, = 1|order) = Pr(6; norder) _ Pr(order|fy) Pr (0, = 1)

Pr(order) Pr (order)
1+pz 1
Lel
Pr(fy=1buy) = 2 2—-1H
1 2
1 _
Pr (6 = Olbuy) = 2”2
1 —
Pr (0, = 1jsell) = 2“2
1
Pr (0 = Ofsell) = 2“2

6.4 Proof of Lemma [1]

We rule out “separating” and “semi-separating” equilibria such that a market maker (MM)

offers a menu of security designs (instead of only one security design) such that firms with different

asset types make different choices. For brevity, below we refer to “asset types” making choices.

The MM sets market prices after observing the asset type’s choice of security design, by using

its beliefs about asset types’ choices and the fair pricing condition. For any postulated separating

or semi-separating equilibrium, we will show that there is a profitable deviation for at least one

asset type: at least one asset type will not choose the security design that the MM believes. This

in turn implies that the MM’s beliefs are not verified, which invalidates the postulated equilibrium.
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The proof is in four parts. The first part rules out separating equilibria, the next three parts
rule out semi-separating equilibria.

Part (i). We rule out equilibria in which each asset type chooses a different set of securities
(in principle, there can be more than two sets of securities on the menu offered by the MM; for
example, let v take different values in the type of security design described in Proposition . If
this were an equilibrium, then an asset would be valued according to its type {61, 62}, which would
be revealed by security issuance decisions, so that asset market valuations would be as in equation
in the absence of arbitrage. In particular, with securities associated with type {0,0}, the asset
would be assigned a valuation %, and could achieve a strictly higher valuation by issuing a set
of securities associated with another asset type, which contradicts that asset type {0,0} will issue
a different set of securities (relative to other asset types) in equilibrium.

Part (ii). We rule out equilibria in which two asset types issue the same set of securities, a third
type chooses another set of securities, and the fourth type chooses yet another set of securities.

There are several possibilities:

1. If {0,0} is the only asset type issuing a given set of securities, then in equilibrium its type

is revealed by security issuance decisions. With this choice of securities, the asset will be

assigned a valuation # according to equation in the absence of arbitrage. However, it

could achieve a strictly higher valuation by issuing a set of securities associated with another
asset type, which contradicts that an asset type {0,0} will be the only asset type issuing a

given set of securities in equilibrium.

2. If {1, 1} is the only asset type issuing a given set of securities, then in equilibrium its type

is revealed by security issuance decisions. With this choice of securities, the asset will be

H+M
2

other asset type could then achieve a strictly higher valuation compared to its equilibrium

assigned a valuation according to equation (/1)) in the absence of arbitrage. However, any
valuation by issuing this set of securities, which contradicts that an asset type {1, 1} will be

the only asset type issuing a given set of securities in equilibrium.

3. If {1,1} and {0,0} are issuing the same set of securities, and {1,0} and {0,1} are each
issuing a different set of securities, then issuing a set of securities that is in equilibrium
issued by asset type {1,0} (asset type {0,1}) will give the asset a valuation of = (M)
according to equation in the absence of arbitrage. There are two non-trivial cases (the
case when all asset types choose the same type of security design — either of the type
described in Proposition [1| or of the type described in Proposition 3| — is trivial). First,
suppose that asset types {1,1} and {0,0} issue only one security with nonconstant payoff.

In this equilibrium, when an asset type chooses one security with nonconstant payoft:

20



Pr(6, = 1,60, = 1|buy, buy)
Pr(6; = 0,0, = 0|buy, buy)
Pr(6, = 1,0, = 1|buy, sell)
Pr(6; = 0,60, = 0|buy, sell)
Pr(6, = 1,0, = 1]sell, sell)

Pr(0; = 0,0, = 0lsell, sell)

14+p1 14po

_ 2 2 Lt t pe At e
1+2M1 1+2uz + 1—2u1 1—2M2 2+ 21 fio

_ S I e e SR VL
1+2,u1 1—&-2#2 + 1—2M1 1—2u2 2+ 2/“’“2

1+p1 1—po + 1—p1 14p0
_ 2 2 2 2 _
T 14 1-pe + 1—p1 1+po + 1—p1 I4po + T4pn 1—ps
2 2 2 2 2 2 2 2
1+p1 1—po + 1—p1 1+po
_ 2 2 2 2 _
T 14pn e 1—p1 14puo 1—p1 14po T4 1—po
2 2 + 2 2 + 2 2 + 2 2
1—py 1—po
_ 2 2 I S TR
Lipg Ihpn 1oy 1—po 2+ 2041 1o
2 2 2 2
14p1 14-po
3 32 L e+ e
Itps Itpe | 1—pi 1—pp =
i H 2+ 2 i

The price schedule for one security with nonconstant payoff is:

Py (buy,buy) =

Ltpn + po+pape H+M 1 — g — pio + pupe L+ M

24+ 2pp0 2 2+ 20 2 2
_ Lt pe A+ papg H

M 1= —pg+pape L

+
2+ 2/111/1/2 2 2 2+ 2/,61/,L2 2

\H+M 1L+M H M L

Py(b 1) = .=

v (buy, sell) 5 9 5 9 4_|_2_|_4

Py (sell, sell) 1_u1_“2+“1M2H+M+1+M1+M2+M1M2L+M
T 2+ 2ppe 2 2+ 241 1 9

:1—M1—N2+H1/ﬁ2£+% L+ pig + pio + papiz L

+ —
2+2,u1,u2 2 2 2 +2/J/1,U/2 2

21

N~ DN



In this equilibrium, expected asset value conditional on asset type is:

1 1 1 1— 1—p1
E[Py|61 =1,0,=1] = it +M2PU(buy,buy)—|— i h2 | pn L p2 Py (buy, sell)
2 2 2 2 2 2
1—p1—
+ 2’”“ P2 b (sell, sell)
_ L m 1+N1+M2+M1M2£+M+1—M1—M2+M1M2£
2 2 24 2y 2 2 24 2uapp 2
I+ml—pe 1—ml+p| (H M L
{ 2 2 + 2 2 4 + 2 + 4
+1—M11—u2<1—u1—u2+umz£+% 1+M1+M2+M1M2£)
2 2 24 2u1 10 2 2 2+ 201 o 2
1—p1-— 1 1-— 11— 1
E[Pyl0, =0,0, =0] = T 'uQPU(buy,buy)—l— el ,u2+ pn 1t pe Py (buy, sell)
2 2 2 2 2 2
1 1
+2“1 12 b (sell, sell)
I e R e 1+M1+M2+M1M2£+M L — i — po + papi L
2 2 24 20 1o 2 2 2420 1o 2
L+ l—pe 1—wml+tp| (H M L
[ > 2 T2 2 PRI
+1+u11+u2(1—u1—u2+u1uzﬁ+ﬂ 1+u1+uz+u1u2£)

If an asset type {1,0} deviates and chooses one security, its expected value is:

1 1— 1 1 1= l—
E[Py|6 = 1,0, =0] = % 2“2PU(buy,buy)+[ 2’“ 2“2+ 2“1 Q'MZ]PU(buy,sell)
1— 1
2“1 12 b sell, sell)
_ Lhml = 1+u1+uz+u1u2£+%+1—u1—u2+u1u2£
2 2 2+ 20 o 2 2 24201 10 2
L+ml+tpy 1—ml—p|H M L
[ 2 2 3 2 12T
LLlomltp [1—u1—uz+u1u2£+M 1+u1+uz+u1u2£}
2 2 2+ 201 o 2 2 2+ 201 1o 2
2+ =34 2upup H M 2 — pd + 3+ 2ppe L
= — 4+ — —
L+ papeo g8 2 L+ piapeo 8
11 1 22
= SH+4-M+-L+ 2 g (126)

4 2 4 8+ 8#1#2

If an asset type {0, 1} deviates and chooses one security, its expected value is:
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11—l
E [Pyl =0,6,=1 = — ZWPU(buy,buy)Jr{

Lt l+pe  T—pl—p
5 +

2 2 2 2

] Py (buy, sell)

1 1-—
+2 s o Py (sell, sell)
_ L—pn 1+ po [1+H1+M2+M1M2£+M 1—M1—M2+M1M2£}
2 2 24 21 o 2 2 2+ 201 o 2
l+ml+p 1—ml—wl||H M L
[ > 2 T2 2 PRI
T4 1 — o [1—M1—M2+M1M2E+% 1+N1+M2+M1M2£}
2 2 2+ 2y o 2 2 2+ 29 o 2
2=y 3+ 2mpe H M 24 pd — pd+ 20 L
= —+ o+ <
L+ papio g8 2 L+ piapo 8

L T T ey
= -H+-M+-L————H—-L 127

An asset type {1,0} had rather deviate if and only if the expression in (126]) is larger than
%, that is:

H+L  pf—u3

—Ll< M 128
> a1 (128)

An asset type {0,1} had rather deviate if and only if the expression in (127)) is larger than
M, that is:
H+L 1=

H — H—-L>M 129

Generically, either equation holds or equation holds. That is, either type {1,0}
or type {0,1} deviates, which invalidates the equilibrium. Second, suppose that an asset
types {1,0} and {0, 1} each issue only one security with nonconstant payoff, and asset types
{1,1} or {0,0} choose the same security design with at least two securities with nonconstant
and linearly independent payoffs. The proof that such an equilibrium does not exist is similar

to point 3. above.

Part (iii). We rule out equilibria in which one asset type chooses a given set of securities, and

the other three types choose another set of securities.

1. Suppose that asset type {0,0} chooses a given set of securities, and other asset types choose

another set of securities. Then any asset type issuing the former set of securities is identified

as a type {0,0} and assigned a valuation # An asset type {0,0} could achieve a strictly

higher valuation by issuing the same set of securities as other asset types, which contradicts

that an asset type {0,0} chooses the former set of securities in equilibrium.
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2. Suppose that asset type {1, 1} chooses a given set of securities, and other asset types choose

another set of securities. Then any asset type issuing the former set of securities is identified
as a type {1,1} and assigned a valuation £, An asset type {1,0}, {0,1}, or {0,0} could
achieve a strictly higher valuation by issuing the same set of securities as a {1, 1} asset type

and achieve the same high valuation, which contradicts that only {1,1} chooses the former

set of securities in equilibrium.

3. Suppose that asset type {1,0} chooses a given set of securities, and other asset types choose

another set of securities. Then any asset type issuing the former set of securities is identified

as a type {1,0} and assigned a valuation “+=

H+L
5

First, suppose that asset types other than

{1,0} choose only one security with nonconstant payoff whereas asset type {1,0} chooses

another security design. In this equilibrium, when an asset type chooses one security with

nonconstant payoff, Bayesian updating gives:

Pr(6, = 1,0, = 1|buy, buy)
Pr(6, = 0,60, = 1|buy, buy)
Pr(6, = 0,60, = 0|buy, buy)
Pr(6, = 1,0, = 1|buy, sell)
Pr(6; = 0,0, = 1|buy, sell)
Pr(6, = 0,0, = 0|buy, sell)
Pr(6, = 1,05 = 1|sell, sell)
Pr(0, = 0,0y, = 1]sell, sell)

Pr(6, = 0,0, = 0]sell, sell)

L A e+ e

1
3
1141 14po 11—p1 14ps 11—p 1—ps — 9 _
I P 3 — pun + pe + pape
11—p 14po 1
372 2 L= A — e
114p1 14pg 11—p1 1+ps 11—py 1—ps = 9 _
372 2 T332 2 T3 32 2 3=+ p2 g
11—p1 1—po 1
3- 2 2 R S il o Y L5 22
11 1+ 11—y 1 11—y l—p2
3 -5-2#1 2#2 + : 2#1 +2u2 + 3 2#1 2#2 3 — iy o o
1 [14p1 1=po + 1—p 1+u2} 2_9
3 [ 2 2 2 2 e T Al
2 [1+#1 1—p2 + 1—p 1+M2} + 1 [1+#1 1+p2 + 1—p 1—#2} 6= 2/
3 3 1H2
31 2 2 2 2 3L 2 2 2
1 [14p1 14p2 + 1—p 1—1121| 2 2
3 [ 2 2 2 2 2 2
2 [1+#1 1—p2 + 1—p 1+M2} + 1 [1+#1 1+p2 + 1—p 1—#2} 6= 2/
3 3 12
31 2 2 2 2 3L 2 2 2
1 [14p1 1—po + 1—p 1+MQi| 2 2
3 [ 2 2 2 2 AT Ll
2 [14p 1—po 1—p 14po 1 [1dp 14ps e
3[2 5 T 2 2}+3[2 += 2} 6 — 21 pt
1 1—H1 1—H2 1
373 3 = =+ e
11—py 1—po 114p1 1—pa 114py 14pe _
i e e e 3+ p1 — po + pape
11+p1 1—po 1 +
32 2 o M1 — fo — [ 2
11—p 1—po + 114p 1—po + 114p1 14ps 34 _ 4
372 "2 372 2 372 2 H1 = H2 T Hift2
1 1
o Lt g g
11—py 1—po 114p1 1—pa 114py 14pe _
i e e e 3+ 1 — po+ pape

The price schedule for an asset type issuing one security with nonconstant payoff is:

PU(buYa buy) =

L+ py + pio + pape H+ M

L —pa + pro — pafio

L= —po+ papo L+ M

Py (buy, sell)

Py (sell, sell)

3— i+ p2+ pape 2 3 — py + o + pripa 3—pn+ p2+ pape 2
2_2M1N2H+M 2+2/L1IU2 2—2M1ﬂ2L+M
6 — 2u1pe 2 6 — 2ppt2 6 — 2u1pe 2

L—pn—po+ e H+ M

1+/~01—M2—N1M2M

L+ g+ po+ papis L+ M

3+ — pla+ prap2 2

34 p1 — p2 + flafe
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Consider the problem of an asset type {0,0}. If it deviates and chooses two securities with

nonconstant and linearly independent payoffs as does asset type {1,0}, then its assigned

value is # If it chooses one security with nonconstant payoff, its expected value is:
L=l —po L+ 1+ o
2

1+u11—u2+1—u11+u2

5 5 5 5 Py (buy, sell) +

Py (buy, buy) + Py (sell, sell)(130)

If the expression in equation (130]) is smaller than %, then asset type {0,0} deviates,

which is inconsistent with the postulated equilibrium. If the expression in equation (130)

is larger than %, then asset type {0,0} does not deviate. However, this implies that the

following expression:

L+ 1 —pio

L+mldpe 1= l—po
5 +

2 2 2 2

L= 1+ o
2

Py (buy, buy) + Py (buy,sell) + Py (sell, sell)(131)

is larger than %, so that it is in the interests of asset type {1,0} to deviate by issuing
only one security with nonconstant payoff, which is again inconsistent with the postulated
equilibrium. The proof that there is no equilibrium in which asset types other than {1,0}
choose two securities with nonconstant and linearly independent payoffs whereas asset type

{1,0} chooses another security design is similar and is omitted.

4. Suppose that asset type {0, 1} chooses a given set of securities, and other asset types choose
another set of securities. The proof that such an equilibrium does not exist is similar to

point 3. above.

Part (iv). We rule out equilibria in which two asset types choose one set of securities, and the

other two asset types choose another set of securities.

1. Suppose that asset types {0,1} and {0,0} choose a given set of securities, and asset types
{1,1} and {1,0} choose another set of securities. It is then easy to show that an asset
type {0,0} would be better off deviating and issuing the latter set of security(ies) to pool
with types {1,1} and {1,0} (indeed, on the market for the latter set of securities, prices
are a weighted average of the market values of asset types {1,1} and {1,0}, whereas on the
market for the former set of securities, prices are a weighted average of the values of asset
types {0,1} and {0,0}), a contradiction.

2. Suppose that asset types {1,0} and {0,0} choose a given set of securities, and asset types
{1,1} and {0,1} choose another set of securities. It is then easy to show that asset type
{0,0} would be better off deviating and issuing the latter set of securities to pool with types
{1,1} and {0, 1} (indeed, on the market for the latter set of securities, prices are a weighted
average of the market values of asset types {1,1} and {0, 1}, whereas on the market for the
former set of securities, prices are a weighted average of the values of asset types {1,0} and
{0,0}), a contradiction.
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3. There are two non-trivial cases (the case when all asset types choose the same type of security

design — either of the type described in Proposition (1| or of the type described in Proposition

— is trivial). First, suppose that asset types {1,0} and {0, 1} choose two securities with

nonconstant and linearly independent payoffs, and asset types {1, 1} and {0,0} choose only

one security with nonconstant payoff. In this equilibrium, when an asset type chooses one

security with nonconstant payoft:

Pr(6, = 1,0, = 1|buy, buy)
Pr(6, = 0,60, = 0|buy, buy)
Pr(6; = 1,0, = 1|buy, sell)
Pr(6; = 0,60, = 0|buy, sell)
Pr(6, = 1,05 = 1|sell, sell)

Pr(6; = 0,60, = 0lsell, sell)

I4pn 14ps

2 2 _ L+ pe g
1+2u1 1+2u2 + 1;#1 1;#2 2 + 211 1o
B I e Sl R VL
1+2u1 1+2u2 + 1—2u1 1—2u2 2 + 2411 o
Ttpr 1 12’“ i_zm - TQM igm Trpg 1 = 1
+2M1 *2#2 + *2M1 +2M2 + ;ﬂl +2,u2 + +2,LL1 *2M2 2
1+2H1 1—2u2 + 1—2#1 14-2#2 _ 1
1+2u1 1—2u2 + 1—2u1 1+2uz + 1—2u1 1+2u2 + 1+2m 1—2u2 2
e L= = pa A g
1+2,u1 1+2,LL2 + 1*2M1 1;#2 2+ 2M1M2
my g LA e+ e
1+2u1 1+2uz + 1—2u1 1—2M2 2 + 21 fto

The price schedule for an asset type issuing one security with nonconstant payoff is:

14 g + po + pape H+ M

1 — g — po + pappe L+ M

PU (bHY7 buy)

2+ 2p 1 2

2+ 2p1 2 2
1— 1 — po + papo L

_ 1+#1+M2+M1M2£+M

_+ —
24 21 o 2 2 24 2p1 o 2
1H+M 1L4+M H M L
Py(b 1) = = - S R Wt
plbuy,sell) = 5=—=—+5"3 12t
L= —po+pupo H+M 1+ pn + pio + pupe L+ M
Py (sell, sell)
2+ 241 pio 2 24 2p o 2

T+ pn + po + pape L

_lompetmpp M
24 2p1 o 2 2

24 2p o 2
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In this equilibrium, expected asset value conditional on asset type is:

1 1 1 1— 1—p1
E[Py|61 =1,0,=1] = it +M2PU(buy,buy)—|— i h2 | pn L p2 Py (buy, sell)

2 2 2 2 2 2

1—p1—

+ 2’L1 P2 b (sell, sell)

_ L m 1+N1+M2+M1M2£+M+1—M1—M2+M1M2£

2 2 24 2y 2 2 24 2uapp 2
I+ml—pe 1—ml+p| (H M L

{ 2 2 + 2 2 4_'_ 2 +4

+1—M11—u2<1—u1—u2+umz£+% 1+M1+M2+M1M2£)
2 2 24 2u1 10 2 2 2+ 201 o 2

1—p1-— 1 1-— 11— 1

E[Pyl0, =1,0,=1] = T 'uQPU(buy,buy)—l— el ,u2+ pn 1t pe Py (buy, sell)

2 2 2 2 2 2

1 1
zm 12 b (sell, sell)

I e R e 1+M1+M2+M1M2£+M L — i — po + papi L

2 2 24 20 1o 2 2 2420 1o 2
L+ l—pe 1—wml+tp| (H M L

[2 > T2 2 PRI

+1+u11+u2(1—u1—u2+u1uzﬁ+ﬂ 1+u1+uz+u1u2£)

In this equilibrium, when an asset type chooses two securities with nonconstant and linearly

independent payoffs, on the market for the security with payoff vector of the type (I',T', F):

Pr(6, = 1lbuy) = 1+2u1 ;2::1 1%—;1% - : +2M1
1= 1 _

Pr(6, = 1|sell) = 12#1%2:1 %QM% _ 1 2#1
1—pi 1 _

Pr(6, = 0lbuy) = Hﬁ%{i?%:12m
Tt 1

Pr(f; = 0|sell) = 12#1%2:1 f;“% _ 1 —;M

The price schedule for the security with payoff vector of the type (I', T, F) is:

14+ H—M

Py(buy) = 2“1 s+ T (132)
1w H-M

Po(sell) = 2“1 4T (133)

In this equilibrium, when an asset type chooses two securities with nonconstant and linearly
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independent payoffs, on the market for the security with payoff vector of the type (f, k, k):

1+po 1 1_|_
2
PT(92:1|bUY) = IF 12 127 1 =
2.“2§_+_ 2/—525 2
1—po 1
1 1 — puy
Pr(fy=1fsel) = iy = —
5 2T 2 2
1-p2 1 1 —
M2
P?“(@g = 0|b11}7) - 1+ 12 127 1 =
2#25'1" 2ﬂ2§ 2
1+po 1
5 L+ o
Pr(fy =0lsell) = g2y = 5
5 2T 2 2

The price schedule for the security with payoff vector of the type (f,k, k) is:

1+ 1 — o L+ M St M 11—l
Pp(buy) = 2“2M+T“2 7 — = 2“27+ 2“2§—P (134)
- 1+ L+ M 3—M 1+ml
Pp(sell) = 2“2M+T“2 T = 2“27 2“2§—F (135)

In this equilibrium, expected asset value conditional on asset type is:

1+ml+wmH-M 1—pml—pH-M
E[Pg+ Ppl6y =1,0, =0] = M1 M1 . H1 M1

2 2 2 2 2 2
1= po 3+M2%+1—H2£ +1+H2 3—N2M+1+M2£
2 2 2 2 2 2 2 2 2 2
_ 1w H 2w M 1+l
2 2 2 2 2 2
| N T 5
= -H+-M+-L+—H—-M|——=M-1L 136
S Y Y (136)
l—mpml+p H-—M 14+ml—pupH-M
E[Py+ Pply = 0,0, =1] = 2#1 2#1 5 4 2,U1 2#1 3
L+po [34+pe M 1—p L +1—M2 3—pe M 14ps L
2 2 2 2 2 2 2 2 2 2
_ lopmH 2@ M 1-ml
2 2 2 2 2 2
1 1 1 i 3
= -H+-M+-L——|H—-M|+—|M—-L 137
RN T (137)

If an asset type {1,0} deviates and chooses only one security with nonconstant payoff, its

expected value is:
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1 1-— 1 1 1—pu 11—
E[Py|0y = 1,0, =0] = % 2“2PU(buy,buy)+[ 2’“ 4'2“2+ 2“1 QMQ}PU(buy,sell)
1—p 1
5 pn L pe Py (sell, sell)
_ Lt ml = [1+H1+M2+M1M2£+M 1—M1—M2+M1M2£}
2 2 24 21 o 2 2 2+ 201 o 2
T mldp 1—ml-mw|[H M L
{ > 2 T2 2 PRI
I = 1+ o [1—M1—M2+M1M2£+% 1+N1+M2+M1M2£}
2 2 2+ 2y o 2 2 2+ 29 o 2
2+ =34 2upu H M 2= pd 3+ 2pps L
L+ papeo g 2 L+ papo 8
1 1 1 22
= “H4-M+-L+ TR g g (138)

If an asset type {0,1} deviates and chooses only one security with nonconstant payoff, its

expected value is:

1— 1 1 1 1— i 1—
E[Py|6 = 0,0, =1] = T’“ quPU(buy,buy)—i—{ 2’“ 2“2+ 2“1 Q'MZ]PU(buy,sell)
1 1—
J;’“ 12 b (sell, sell)
_ lem A (Lt tpetmpp M 1=y — plo+ papia L
2 2 2+ 20 o 2 2 2420 10 2
l+ml+tp 1—ml—p|(H M L
[ 2 2 T 2 12T
JLltml-p [1—u1—uz+u1u25+M 1+u1+uz+u1u2£}
2 2 2+ 201 o 2 2 2+ 201 1o 2
22— 34 2upp H M 24 pd — 3+ 2ppe L
L+ oy g8 2 L+ piapeo 8
1 1 1 2_ 2
= “H+-M+-L- 12 g (139)

4 2 4 8+ 8M1M2

An asset type {1,0} had rather deviate if and only if the expression in (138]) is larger than
the expression in . An asset type {0, 1} had rather deviate if and only if the expression
in (139) is larger than the expression in (137]). Generically, one of these two asset types
deviates, which invalidates the equilibrium.

Second, suppose that asset types {1,0} and {0, 1} choose only one security with nonconstant
payoff, whereas asset types {1,1} and {0,0} choose at least two securities with nonconstant
and linearly independent payoffs. The proof that such an equilibrium does not exist is similar

to point 3. above.
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This concludes the proof. B
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