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Abstract

This paper studies how market signalsé such as stock pricesd can help alleviate the severity
of the asymmetric information problem in credit and liquidity management. Asymmetric infor-
mation hinders the ability of borrowers (Orms, investment banks, etc) to undertake proOtable
investment opportunities and to insure themselves against liquidity shocks. | show that on the
equilibrium path creditors do not learn anything from market signals because they can use a
menu of contracts to screen the dicerent types of borrowers. However, by conditioning liquid-
ity insurance on ex post price signals, creditors are able to provide the borrowers with better
incentives for truth-telling. At the same time, prices depend on the liquidity that creditors
ocer to the borrowers. This two-way feedback impacts the design of the optimal contract and

potentially generates multiple equilibria in Onancial markets.
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1 Introduction

In a Onancial crisis we are reminded that even apparently healthy Orms can suddenly run out of
cash and face bankruptcy. Right after Lehman Brothers went bankrupt, commercial paper markets
froze and banks found themselves unable to raise the cash they needed. There are many reasons
why a Orm or a bank may be unable to borrow. One reason is that investors have suddendly realized
that some Orms were simply not proOtable any more. For example, Onancial markets may have
suddenly realized that Asset Back Securities (ABS) and the banks that had invested in these assets
were less proOtable than expected. The classical result in Modigliani and Miller (1958) states that
under some assumptions the value of an investment is given only by its NPV. Thus, a proOtable
Orm can always Ond enough investors to Onance its business. Yet, while events were unfolding,
there was a sense that things werentt so simple. It is true that some banks had invested in some
assets under the wrong belief that they represented a good investment opportunity. However, it
seemed that some other proOtable Orms were at risk of bankruptcy simply because investors were
unwilling to lend. This problem was severe enough to require a special government intervention.

With the goal of rescuing good banks from going bankrupt, the Federal Reserve opened several
lending facilities that accepted many dicerent forms of collateral, often much less safe than the
usual Treasuries. Some banks were believed to be solvent, but unable to borrow from the frozen
markets and repay their creditors. By lending cash in exchange for collateral, the Federal Reserve
was taking the place of Onancial markets.

Even assuming that some banks were momentarily illiquid and worth saving, the Federal Reserve
had to face the very important issue of determing the quality of the new collateral. This problem
was much more stringent since the Federal Reserve was lending against iunconventional™ forms of
collateral which was hard to value without the necessary expertise. Since probably the managers
of these Onancial institutions were better informed about the quality of the collateral they were
posting, they were in the position to exploit their information. The new lending facilities werenit
the only response to the crisis. On October 3, 2008, the US Congress passed into law a new
program, the Troubled Asset Relief Progam (TARP), to purchase assets and equity from Onancial
institutions. The Orst part of TARP money was used to buy preferred stocks of troubled Onancial
institutions. Again, one of the main concerns was that, without being able to assess the quality of
the borrowers, the government was not helping the economy, but simply transferring money from
taxpayers to shareholders.

The issue of identifying the TgoodT banks from TbadT banks raised the question of whether

market signals fsuch as stock prices, CDS spreads, bond spreads ficould be of any help. Market



prices can convey information about the quality of a Orm. However, there are many reasons to
be wary of using market prices to make inference. First, asset prices react endogenously to new
information and, in particular, are likely to respond to any news concerning the ability of the Orm
to borrow or not. Thus, a stock price may be high either because a business is proOtable or simply
because Onancial markets expect investors to lend money to the Orm. Secondly, asset prices do not
react only to changes in fundamentals, but to many ishocksT. Thus, if liquidity is allocated partly
on the basis of market signals, the non-fundamental noise in the price may lead lenders to taked
wrong decisions.

During a Onancial crisis the problem of Onding investors who can provide the necessary liquidity
becomes particularly severe. However, corporations deal with problems such as making sure to
have enough capital when new investment opportunities arise or when unexpected costs emerge
as part of their normal business. Big corporations hold Treasuries and other liquid instruments
on their balance sheets as a form of insurance. Credit lines are another insurance option which is
extensively used. Shockley and Thakor (1997) show that over 80% of all commercial bank lending
to corporations in the United States is done via bank loan commitments. Indeed, during the recent
crisis corporations have extensively run down on their credit lines to meet short run obligations
(Ivashina and Scharfstein (2010) and Campello et al. (2010)). Finally, when a Orm buys securities
to hedge its cash &ows against unexpected auctuations, that is also a way to manage liquidity. For

example, if a Orm is exposed to exchange rate risk and may 18.969Tdforccted to Iqu(rate)-32somatetslquge



small entrepreneurs, managers, or controlling shareholders of big corporations i arcects liquidity
management and investment choices. | then investigate how market signals fisuch as stock prices
fican mitigate the distortions arising from the asymmetry of information. Finally, | show that the
endogeneity of asset prices may limit the ability of investors to provide liquidity in an optimal way.

The building block is the Holmstrom and Tirole (1998) model of liquidity insurance. Demand
for liquidity arises from the fact that entrepreneurs face unexpected costs, but lack the commitment
to pledge the total NPV of their Orm to investors. One partial solution is to contract with investors
in advance and secure liquidity before the realization of the unexpected costs. However, more
insurance against liquidity shocks makes the business less proOtable for investors who invest less
capital in the Orm. A nice feature of this model is that, while it departs from the Arrow-Debreu
paradigm assumed in Modigliani and Miller (1958) in a very simple way, it is enough to generate
a demand for liquidity and a trade-o= between the capital invested in a Orm and the amount of
insurance against liquidity shocks. Also, the simple structure of this model delivers tractability
when | allow for endogenous asset prices in section 5.

I show that investors discriminate between the dicerrent types of borrowers by ozering them
menus of contracts that dicer for the amount of capital invested in the Orm and the amount of
liquidity insurance. In particular, relative to the symmetric information benchmark, good borrowers
receive a distorted contract with less insurance. Since good borrowers are more productive, they
prefer the risk of running out of cash (that is, they prefer less insurance) for a higher investment
in the Orm.

Asset prices can mitigate the asymmetric information problem and reduce the distortions of the
contracts. These prices, however, are observed after the investment is undertaken and, thus, after
lenders and borrowers sign the contract. On the equilibrium path, investors oxer dicerent contracts
to the the dizerent types of borrowers and, therefore, the asymmetric information is resolved before
investors observe asset prices. Thus, on the equilibrium path investors do not use Onancial markets
to get information about the borrowers. However, even if prices are observed ex-post, investors
still Ond it optimal to condition liquidity insurance on asset prices. By doing so, they can provide
borrowers with better incentives for truth-telling and ozer less distorted contracts. Intuitively, if
borrowers expect lenders to learn from Onancial markets at some point in the future, they will have
a greater incentive to disclose information at the contracting stage. Conditioning a contract on
asset prices, however, comes with the cost of exposing the Orm to the non-fundamental &uctuations
in Onancial markets. Thus, a Orm may run out of liquidity only because its price is too low for some

non-fundamental reason.



Related Literature. The literature in corporate Onance that explains why Orms manage
liquidity in the presence of informational frictions has already been discussed.

This paper is also related to the literature of insurance under asymmetric information. In their
seminal paper, Rothschild and Stiglitz (1976) study a model of insurance markets where insurers
do not know the type of their customers. Similarly, in this paper lenders are uncertain about
the proCtability of the borrorwerst investment opportunities and they ocer a menu of contracts
to screen the dicerent types of borrowers. Apart from the role of asset prices, this paper dicers
from Rothschild and Stiglitz (1976) for another reason. For most of the paper, | assume that the
asymmetry of information arises only after the contracting stage, so both parties sign the contract
with the same information. This greatly simpliQes the analysis without acecting the main message
of the paper, as | show in appendix Al.4.

There is a vast literature that studies how investors use market signals to acquire information
about the quality of the borrowers. Some papers also study how the endogeneity of asset prices
acects the amount of information they provide. In particular, Angeletos et al. (2010) consider
entrepreneurs who make an investment whose proOtability depends on the future price of capital.
In turn, the price of capital depends on the investment decisions of all the entrepreneurs in the
economy. They show that this feedback generates complementarities in the investment decisions
which axect the informativeness of the price and can potentially lead to ine¢ cient outcomes. In
this paper, the mechanism behind the feedback is dicerent: investors use asset prices only insofar
as they want to discriminate between dicerent types of borrowers. Also, in my model information is
not dispersed and there are no complementarities among decisions of dicerent investors. Bond and
Goldstein (2011) study how government intervention can acect the informativeness of asset prices
by awcecting the trading incentives of speculators. The actions of government together with the
dispersed information of the traders generate complementarities in the trading decisions. In Bond
et al. (2010) some agents learn the value of a Orm from asset prices and then take actions that, in
turn, acect the value of the Orm. One important dicerence with these models is that that | assume
asymmetric information between investors and entrepreneurs. Also, on equilibrium investors screen
the dizerent types of borrrowers (and, therefore, learn their types), but observe asset prices only
after the contract is signed. Therefore, they do not acquire any information from asset prices, but
use them only to relax the ex-ante screening problem.

For the particular way in which market signals acect the equilibrium allocations, this paper is
also related to some papers in the mechanism design literature that study how a principal can use
ex-post signals to provide better incentives to the agent (Riordan and Sappington (1988), Bose and

Zhao (2007)). Similarly, in my model investors will ocer contracts that are conditional on market



signals to provide entrepreneurs with better incentives to reveal their type. Finally, this paper is
also related to the large literature in macroeconomics that studies the implications of the feedback
between investment decisions and asset prices arising from Onancial frictions (Bernanke and Gertler
(1989) and Kiyotaki and Moore (1997))*.

The paper is organized as follows. In section 2 | present the model and deOne the equilib-
rium. In section 3 | solve the symmetric information benchmark. Section 4 introduces asymmetric
information and derives the implications for the investment and liquidity insurance decisions. In
section 5 | solve the full model with asymmetric information and endogenous asset prices. In this
section, | also perform some comparative static exercises to show how a decrease in the informa-
tiveness of asset prices acect the equilibrium. Section 6 contains the concluding remarks. Finally,
appendix Al.4 shows that the main conclusions of the model do not change when | make dicerent

assumptions about the asymmetry of information between borrowers and lenders.

2 The Model

The economy lasts for three periods ¢t = 0,1, 2 and is populated by three types of agents.

First, there are entrepreneurs who are endowed with a project and with A units of cash. En-
trepreneurs are risk neutral and consume only at time 2. A project is a constant return technology
that generates a random return in period 2. The project can be of two possible types, 6 with
probability o and #* with probability 1 — «, with 7 > L. Let (#) be the return per unit of
investment generated at time 2 by a project of type 6. For simplicity, | will assume that g () can

have only two possible realizations

R w.p. 0
0 wp.1l-6

y(0) =

Let © denote the space of possible types, that is, © = {GL, QH}. This payo= captures the idea that
in period 2 a high type project generates a higher return than a low type project.

Entrepreneurs are assumed to be risk neutral, hence without other assumptions there would be
no scope for insurance in this model. The assumption of risk neutrality in period 2 is appealing
since | will think of "entrepreneurs™ mostly as managers or control shareholders of big Orms or
banks. Arguably, these agents can diversify away their exposure to the idiosyncratic risk of the

Orm they control, and are ecectively risk neutral.

!See also Acemoglu and Zilibotti (1997), Lamont (1995), Carlstrom and Fuerst (1997), Aghion et al. (1999),
Rampini (2004), Cooley et al. (2004), Guerrieri and Lorenzoni (2009), and references in Bernanke et al. (1999).



In order to produce the Onal return, the project requires an initial investment I at time 0, and
a random reinvestment p ~ f, () per unit of initial investment at time 1. The initial investment
determines the scale at which the project is operated. Thus, if carried on to period 2, a project of
type 0 and scale I will generate a random return of g (6) I. On the contrary, if the liquidity shock
is not covered, the project is liquidated and generates a return [ (9) I, with [ (0) < R#.

I will often refer to the random reinvestment need at time 1 as a "liquidity shock™. I assume
that the distribution fy () satisOes the monotone likelihood property (MLP) with respect to 6.
Formally, | assume that f,z (p) / fy= (p) is decreasing in p. The MLP assumption captures the idea
that a high type project is more productive also at time 1. In other words, on average, a high
type project generates a higher Onal payo= and is cheaper to complete (expected liquidity shock in
period 1 is lower).

The random reinvestment need can have dicerent interpretations. One way to think about it is
that the Orm at time 1 experiences a cost overrun which has to be covered in order to continue the
project. Cost overruns are not so uncommon in reality. Altough hard to estimate, some studies
show that big corporations, in particular in the construction and technology business, experience
signiOcant overrun costs during the life of the project. The size of this costs is also huge, unexpected
costs as high as 50% or even 100% of the initial investment are not uncommon.

A more general interpretation for p is that the project generates random income at time 1, but
requires an extra, random investment to be made at time 1. Under this interpretation, p represents
the dicerence between the random income and the random cost in period 1. In this case p can
either be positive, the project generates positive net income and can be continued, or negative, the
project requires an extra injection of cash to continue. For example, banks may invest in assets that
turn out to be worth less than expected and need to raise funds to continue their normal activities.

In what follows, and in the numerical simulations, | will think of p as an overrun cost, but both
interpretations are possible.

Finally, I assume that all the projects are independent and identically distributed. Independence
implies that in the economy there will be exactly « entrepreneurs of type #/ and 1—a« entrepreneurs
of type #~. The i.i.d. assumption also implies that f, (-) will be the cross section of liquidity shocks
per unit of investment for projects of type 6.

The following assumption guarantees that it is optimal to undertake both types of projects.

Assumption 1. Both projects have positive NPV:

maX{R9Fe(ﬁ)—1—/ppfe(p)dp} >0, €06
p 0



The maximand is the return from investing 1 unit of wealth in a project of type 6. Investing 1
unit of wealth doesnit have to yield a positve NPV. In fact, if the project is continued for all values
of p, then the investment is likely to deliver a negative NPV. However, the assumption requires
that, if the threshold above which the project is terminated is chosen optimally (as it will be the

case in the optimal contract), the project yields a positive NPV.

The second type of agents in the economy are investors. Investors are also risk-neutral and care
only about time 2 consumption. They do not have a project, but they have a large endowment.
A single investor can Onance one or more dicerent projects. Because projects are i.i.d. investors
can pool dizerent projects together and generate deterministic cash &ws (this is, however, not
important given the assumption of risk-neutrality). Free-entry in the investorsibusiness will drive
their proOts to zero. Finally, | assume that investors can transfer consumption across dicerent
periods at the Oxed risk-free rate r.

The assumption that investors have a large endowment, together with the availability of a stor-
age technology, simpliCes the analysis without acecting the main results of the paper. Introducing
consumers who elastically supply funds at time 0 and allowing the risk-free rate to adjust to equate
demand and supply is relatevely straightforward. More interestingly, Holmstrom and Tirole (1998)
study the problem of whether the private sector (the entrepreneurs in my model) generates enough
liquidity at time 1 to be self su¢ cient. Extending their analysis to the case with two types of
projects would also be easy given the assumption of i.i.d. types.

Another interesting general equilibrium question would be to let the the supply of funds in
period 1 depend on the investment choices made in period 0. More speciCcally, 1 could imagine
investors deciding how much money to invest in the project at time 0 and how much cash to carry
to time 1 in order to cover the liquidity shocks. At time 1, investors with an excess of funds would
lend money to the investors who are short of funds. Bhattacharya and Gale (1987) address this
issue and show that investors do not take into account how their portfolio decision at time 0 impacts
the overall availability of funds in period 1. This results is an ine¢ ciently low amount of funds at
time 1 (see also Jacklin (1987) and Allen and Gale (1997)). Again, the mode | present in this paper
could be extended to incorporate an endogenous supply of funds at time 1, at least conceptually,
in a relatevely easy way.

However, the problem I am interested in this paper is how Onancing and liquidity management
decisions are arected by asymmetric information, and how asset prices matter for these decisions.
To address this question it will be enough to use a partial equilibrium analysis in which investors

have access to a large endowment and can transfer funds across periods at a Oxed interest rate.



As said above, allowing for general equilibrium ewzects, though interesting and relatevely easy to

model, is not central to my analysis.

The third group of agents are the traders. | assume that in the economy there is a betting
market where, for each Orm, a security in zero-net supply is traded. Traders do not have a project,
but can trade in the betting market. Each trader is endowed with wealth 1 and has access to
the same storage technology as investors. Traders are risk neutral and maximize Onal wealth. For
simplicity, | assume that the payoa of the security traded in the market is g (6) if the project is
continued and I (9) if the project is liquidated. The speciOc payox= of the security is not important
for the conclusions of the model. Of course, it is key that the payo= depends on the type 6.

Traders receive a signal 3, at time 1 about each Orm in the economy. The signal contains
information about the type @ of the Orm. Traders use this information to decide how much money
to invest in the security. It is irrelevant whether dicerent groups of traders specialize in dicerent
Orms and receive information only about those Orms, or whether every trader observes the signal
about every Orm in the economy.

Also, since it simpliOes things while leaving the main message of the model unchanged, |1 am
going to assume that the signal 34 is perfectly revealing of the type of the Orm. Formally, | will
assume that 5y = 6.

Finally, I am going to assume that, before making his portfolio decision, every trader observes
the liquidity shock p that has hit the Orm.

Traders submit demand schedule and the betting market is modelled as a Walrasian market.
Let D; (0, p, p) be the quantity of the security demanded by trader 7, when he knows that the type
of the Orm is #, he observes a liquidity shock p, and the price of the security is p. In order to buy
a quantity D; (6, p, p) of the security, trader i has to pay a transaction cost x proportional to the
square of the quantity demanded. Since all the traders have access to the same information, in
equilibrium they will all demand the same quantity and | can drop the subscript i from D; (6, p, p).

The supply of this security is random and equal to u ~ N (0,02).

The combination of the random supply » and the transaction cost « implies that the price
will not be fully revealing in equilibrium. The distribution of the asset price will be determined in
equilibrium given the choices of investors and entrepreneurs. | denote with ¢ (-|0, p) the probability
density function of the equilibrium distribution of the asset price if the entrepreneur is of type 6
and a liquidity shock p is observed. Of course, the price is informative because the equilibrium
price distribution is a function of the true type of the entrepreneur. For the rest of the paper, let

me set x = 1 to simplify the notation.
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Timing and Information. The timing of the model is as follows. Each entrepreneur meets an
investor and signs a contract specifying, among other things, the initial investment I and, for each
liquidity shock p, whether the Orm will be continued or liquidated. For most of the paper, except
for section Al.4, I will assume that entrepreneurs learn their types only after they have signed
the contract with the investor. This assumption greatly simpliCes the analysis without altering
the main conclusion. When entrepreneurs learn their types only after the contracting stage, the
notion and the properties of the equilibrium are standard. Investors ozer contracts that maximize
entrepreneursi ex-ante welfare subject to a zero-proOt condition and the incentive compatibility
constraints for the two types of entrepreneurs. On the other hand, if entrepreneurs knew their
types before signing the contract, then the combination of adverse selection and competition among
investors would make it much harder to deOne an equilibrium and prove its existence. The following
graph summarizes the timing of the model.

I will come back to these issues in section Al.4 where | let entrepreneurs learn their types before
contracting takes place. The reason for doing this is twofold. First, | can show that the analysis
here is robust to this assumption. But, more importantly, this alternative assumption allows me to

make an important point on how investors use the ex-post information contained in asset prices.

2.1 Contracts

For a project to be completed, an investor and an entrepreneur have to meet at time 0 and agree
on an initial investment I and on a contingent continuation rule that speciQes, for each realization
of p, whether the project is continued or liquidated. Finally, either if the output is realized or the
project is liquidated, the investor and the entrepreneuer have to agree on how to share the surplus.

All these elements are part of the deOnition of a contract.

DeOnition. A contract C is a tuple [I,X, Ee,ge,ci,ﬁ,gijcﬂ, which specifies:



1. payments c© : Rx oxQ —= R, c®:RxoxQ =Ry, and c : Rx o — Ry to the entrepreneur
after observing a price p and a liquidity shock p, in the case the project is succesful, completed

but unsucessful, and liquidated, respectively;
2. payments to the investor @ :Rx oxQ =R, ¢ :Rx ox Q — R, andc’i:RXgHR;
3. an initial investment I € Ry in the project;

4. a continuation rule x : R x 0 — {0, 1} which, for each value of p and p, is equal to 1 whenever

the project is continued.

Remember that at the time when an investor and an entrepreneur meet, none of them knows
the type of the project. However, after the contract is signed the entrepreneur learns his type. |
then allow investors to omer menus of contracts to the entrepreneur. When the entrepreneur learns
his type, he will select the contract in the menu that maximizes his return.

Let C be the space of all possible contracts. A menu of contracts is a subset of C.

2.2 Moral Hazard

The classical result in Modigliani and Miller (1958) states that, when markets are complete markets,
the value of all claims over the Orm & income is independent of its Onancial structure. In other words,
decisions regarding the Onancial structure of the Orm determine only the way the total value of the
Orm is split among dicerent claimholders, not the value itself. In this world, liquidity management
practices are totally irrelevant since investors will never turn down valuable projects.

This is an extreme conclusion which is rejected by standard corporate practices. Firms spend
a lot of time and resources to monitor their positions of liquid instruments (that is, cash and other
Onancial instruments that can be easily converted into cash). From a theoretical perspective, there
are many ways to get around the Modigliani - Miller result to explain why Orms pursue liquidity
management. All these theories have in common that some form of asymmetric information may
cause a Orm to experience higher borrowing costs or even credit rationing if the Orm does not buy
insurance in advance.

The building block of my model will be Holmstrom and Tirole (1998). Holmstrom and Tirole
show that, if an entrepreneur or a manager has to make an unobservable exort choice to make the
project more likely to succeed, then it will not be possible to pleadge the total NPV of the Orm to
investors. If entrepreneurs have to exert ecort, they have to be promised at least a minimum share

of the total value of the Orm. The presence of an unobservable ecort choice violates the assumptions
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of the Modigliani - Miller result and makes it optimal for a Orm to buy insurance against future
shortages of cash.

The moral hazard of the entrepreneurs implies that the latter have to share part of the Onal
proOts of the Orm. With constant returns to scale the Onal return of the Orm increases linearly
with the initial investment. Since the high type entrepreneur is more productive than the low type,
under symmetric information, investors choose a higher investment scale for the high type project.
However, if information is asymmetric, under some assumptions on the distributions fy (p) and the
Onal returns 7 (0), a low type entrepreneur will pretend to be a high type to obtain more funds.

This makes the original, symmetric information contract unfeasible.

There are many ways to introduce moral hazard in the model, all leading to similar conclusions.
The easiest way, which | am going to use in this model, is to assume that an entrepreneur can run
away with a fraction R — p, of the Onal outcome. This assumption implies that only a portion p,
of the Onal return can be pleadged to investors. Also | am going to assume that all the liquidation
value of the Orm [ () I can be pleadged to investors. Hence, the moral hazard arises only if the
project is continued. Direrent assumptions about the pleadgebility of the liquidation value would
not change the main message of the model.

By assumption, an entrepreneur can always guarantee for himself a fraction R — p, of the Onal
outcome. If an investor were to oxer a menu of contracts C with a payment to the entrepreneur
less than (R — py) I in the case of success, the entrepreneur would make up for the dicerence by
stealing the output. Therefore, every menu of contracts C ocered in equilibrium has to be such
that VC € C

& (p,p,R) > (R—py) 1 (€))

To simplify notation, let CM# be the subset of C containing only the contracts that satisfy (1).

2.3 Payoos

Given a menu of contracts C C C, suppose that the entrepreneur selects the contract C' € C when
he learns that his type is . We can compute the entrepreneurk expected utility conditional on

being of type 0 as follows:

U(C;0) =E[0x (p,p)c (p,p) + (1 =0)x (p,p) c (p,p) + (1 = x (1, p)) L, (p; ) |6]

where the expectation is taken over the realizations of p, p and the Onal return y (). From now
on | will denote by Cy the contract in the menu C selected by an entrepreneur of type 6 and | will
add a substript ¢ to all the objects in Cy.

11



With this notation | can deOne the expected utility of an entrepreneur who chooses a menu of

contract C before learning his type:
U(C)=aU (Cyp;0)+ (1 —a)U (Cy;8)

Similarly, denote by 7 (C;6) the expected proOts of an investor who has omered a menu of

contracts C C C to an entrepreneur who turns out to be of type 6 and chooses contract C € C:

m(C;0) =E [0x (p,p) & (p,p) + (1= 0) x (p.p) & (p.p) + (1 = x (0, p)) ¢, (0, p)] —E[1+ px (p, p)]

As before, the expectation is over the realizations of p, p and the Onal return y (). The last term
in 7 (C;0) represents the expected costs for the investor when contract C' is chosen. This is the
sum of two components: the initial investment outlay I, and the expected cost of reinvestment
multiplied by the indicator function of whether reivestment occurs, x (p, p).

Note that, except for the symmetric information benchmark in section 3, the investor can learn
the type of the entrepreneur only by looking at the choice that the entrepreneur makes. Thus, the
investor doesnit know 7 (C'; 0), even though he may be able to learn it in equilibrium.

At the time when the contract is signed, expected proCts are:
7 (C) = am (Cp; 0) + (1 — a) 7 (Cy; 6')

where | evaluate 7 (C; 0) at the optimal choice of each type of entrepreneur.

The participation constraint for the investor requires that a menu of contracts which ozers
negative expected proOts will never be ocered in equilibrium. Thus, if C is ocered in equilibrium,
it has to be that

7(C)>0 @)

The assumption of free-entry then implies that investors make zero-proQts in expectation, that is,
(2) holds with equality.

2.4 Equilibrium DeOnition

I now turn to the deOnition of equilibrium for this economy. This is the deOnition of equilibrium
for the full model. 1 will then adapt this deOnition to the special cases considered in sections 3 and
4. Also, as explained above, in section Al.4 | will consider an extension of the model and change

the deOnition of equilibrium accordingly.

DeOnition. An equilibrium for the economy is a menu of contracts C*CCMH | distribution for
the asset price ®p : R x © x o — [0,1], and a demand schedule D; : © x R x o — R for each trader
i €10,1] such that

12



1. Investors choose C*CCMH to maximize their profits

C" € arg Crgr(lgv)I{H 7 (C)

2. After an entrepreneur learns his type, he selects the contract Cy € C* to maximize his expected
utility
Cy € argmax U (C; 0
o € arg e U(G30)

3. Free-entry among investors drive expected profits to zero

T (C*)=0

4. For each value of 6, p, and p, each trader chooses D; (6, p, p) to maximize expected profits

.%'2
Di(0,p,p) € argmaxB (g (0) x (P, ) +1(0) (L = X (P, p)) = P) 2|0, 0, p] = o + W

5. For each value of 0 and p, ®p (-|0, p) is the distribution of prices generated by the equilibrium
in the financial market. That is, for each value of 6, p, and noisy traders u, ®p (-0, p) is the

cdf of the distribution of prices p which solve the equation

p=E[5(0)xo(p,p) +1(0) (1 —xg(p,p))10,p,p] —

3 Symmetric Information Benchmark

In this section | solve the model under the assumption that both investors and entrepreneurs learn
the type of the project after signing the contract. The model with symmetric information is very
similar to the model in Holmstrom and Tirole (2000), the only dizerence is that here there are two
dizerent types of entrepreneurs. The symmetric information assumption is useful for two reasons.
First, this model provides a benchmark to evaluate the distortions coming from the asymmetry
of information. In the next section | show exactly where the contract is distorted and derive the
implications of these distortions.

Secondly, the model with symmetric information shows in a simple and stark way the trade-o=
between Onancing and risk management stressed in Holmstrom and Tirole (2000). The presence
of moral hazard does not allow the entrepreneur to pledge as much income as he would like. If
an entrepreneur waits for the realization of the liquidity shock, he will be forced to liquidate his
project more often than he Onds it optimal (that is, even if the project has a positive NPV). In

other words, compared to an economy without moral hazard, insurance against liquidity shocks is
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only partial. For this reason, before the liquidity shock is realized, the entrepreneur is willing to
trade ox better insurance fithat is, continuation also for higher liquidity shocks fiagainst a lower
scale of the project. This is the fundamental trade-oa between Onancing and liquidity management
that emerges from this type of models.

Now, consider the problem of an investor who has to decide which menu of contracts to ozer.
Of course, the investor ozers only contracts that satisfy the participation constraint (2). It is also
quite intuitive that we can restrict attention to menus containing only two contracts. After the
investor and the entrepreneur learn the type of the project, the entrepreneur selects the contract in
the menu that maximizes his payo®=. Since there are only two types of entrepreneurs, having more
than two contracts in a menu is redundant.

As already pointed out above, free-entry and competition among investors push their expected
proQts to zero. Also, as investors in this economy are exactly the same at time 0, they will ocer
the same menu of contracts to the entrepreneurs. Entrepreneurs, who are also the same at time 0,
will choose the same menu. Finally, after learning their type, all the entrepreneurs of type 6 will
select the same contract in the menu.

The menu of contracts ozered in equilibrium maximizes the utility of the entrepreneur subject
to the moral hazard constraint and the zero-proQt condition for the investors. Formally, the optimal

menu C*¥™ is the solution to the following problem:

e, U(C) (P1)
subject to
©(C)=0

The following Proposition, which is proved in appendix 6, characterizes the solution to problem
(P1).

Proposition 1. The solution to problem (P1) is given by a menu of contracts C¥™ with the

following properties

1. The entrepreneur consumes the minimum share of output if the project is successful and

nothing otherwise:
¢ (p,p) = (R—po) Iy, ¢4 (p,p) =0, chr(p,p) =0

2. The investor receives all the pleadgeble income if the project is successful and the liquidation

value if the project is liquidated:
Eé (p7 P) = polo, Qé (pv P) =0, Cé,L (p7 ,0) =1 (9) Iy
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3. For each 0 there exists a threshold pj such that Opy < p* (0) < OR and
Xo (p,p) = 1 if and only if p < pg

4. Initial investment is given by:

A

lo= L=1(0) + [,; (p—=bpo +1(0)) dFy (p)

From Proposition 1 we can immediately see that in equilibrium both projects are Onanced.
This is a consequence of the assumption that both projects have positive NPV. Without this
assumption, the investor would prefer to liquidate the low type project, which he could easily do
since information is symmetric.

As already shown in Holmstrom and Tirole (2000), Proposition 1 shows that with symmetric
information the entrepreneur wants to pledge as much income as possible. He does so by getting
the minimum possible share per unit of investment which satisCes the moral hazard constraint,
R—py. Any attempt to compress the entrepreneur & share below this value would violate the moral
hazard constraint and would not be feasible.

To gain an intuition for this result, remember that in equilibrium investors are making zero
proOts. This implies that the entrepreneur can appropriate the total NPV of the project for
himself. Together with the assumption that both projects have positive NPV, this implies that
the entrepreneur wants to maximize the scale of the project Iy. Finally, the scale is maximized by
pleadging the maximum amount of income without violating the moral hazard constraint.

Another implication of the model is thata project of type 6 is continued if and only if the
liquidity shock is below a certain value pj which is higher than what would be ex-post optimal
for the investor. To see this, imagine that the investor and the entrepreneur do not contract on
a particular continuation rule at time 0. In this case, when time 1 comes and a liquidity shock p
hits the project, the investor will Ond it optimal to continue if and only if p < 6p,. That is, the
investor will continue whenever the pledgeable part of income is su¢ cient to cover the reinvestment
outlay. Proposition 1 shows that in the optimal solution the entrepreneur prefers a higher insurance
given by a threshold p; > 6p,. This comes at a cost. The expression for Iy shows that the higher

insurance is traded oz against the initial invstment.

4 Asymmetric Information without Onancial markets

In this section | reintroduce asymmetric information after the contract is signed. In particular, after

an investor and an entrepreneur meet and agree on a menu of contracts, the entrepreneur learns

15






subject to
m(C)=0

and to the incentive compatibility (IC) constraints
U (Cyis0") > U (Cpss6"), 4,j=L,H

Under our assumptions, it is possible to prove that only the IC constraint for the low type binds
in equilibrium. 1 can then drop the IC contraint for the high type. The following proposition, which

is proved in appendix 6, describes the solution to problem P2.

Proposition 2. The solution to problem P2 is given by a menu of contracts C**¥™ with the following

properties:

1. The entrepreneur consumes the minimum share of output if the project is successful and

nothing otherwise:
¢y (p,p) = (R—po) Iy, ¢4 (p,p) =0, ¢hr(p,p) =0

2. The investor receives all the pleadgeble income if the project is successful and the liquidation

value if the project is liquidated:
ch (,p) = polo. ¢y (p,p) =0, chp (p.p) =1(0) Iy
3. For each 0 there exists a threshold py* (0) such that

Xo (9, p) = 1 if and only if p < p}*

where

(a) the continuation rule for the low type is the same as in the symmetric information

benchmark:
Pol = PyL

(b) the continuation rule for the high type is distorted:

P;}; < p;L.
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4. Initial investment is given by:

A
« (1—[(9H) +pr?{ (p—HHp0+l(9H))dF9H (,0))

+(1—-a) % <1 —1(0%) + fp‘?z (p—0%po +1(0%)) dE,e (p)>

Iyw =

and
11— Fy (p;;;;)

1= Fye (1)

Results (1) and (2) in Proposition 2 show that the payments made to investors and entreprenuers

I Ly

have the same form as those in Proposition 1. As it was the case when information was symmetric,
the entrepreneur Onds it optimal to pleadge the highest possible share of period 2 return and keep
for himself the minimum share of return that satisOes the moral hazard constraint. Therefore,
asymmetric information does not distort the way the optimal contract divides the total surplus
between investors and entrepreneurs.

The contract under asymmetric information is, however, distorted. Result (3) in Proposition 2
clearly shows this. The optimal continuation rule under asymmetric information is still character-
ized by a threshold value for p above which the project is liquidated. However, while the threshold
for the low type is identical to the corresponding threshold in the case of symmetric information,
the continuation rule for the high type is dicerent. In particular, to ensure that the low type wants

to separate from the high type, the contract has to commit to liquidate a higher fraction of high

type projects.

When Orms with dicerent productivities are simultaneously active in the market, the model
implies that the more productive Orms will separate from the other, less productive Orms by giving
up some liquidity insurance in exchange for a higher initial investment. This is similar to the
conclusion reached in Rampini and Viswanathan (2010) in a model where Orms are subject to
endogenous borrowing constraints. There is, however, an important dicerence. In Rampini and
Viswanathan (2010) the more productive Orms are those that operate with less capital. With a
concave production function, in fact, a smaller Orm is at the margin more productive than a bigger
Orm. Things are dicerent in my model. First, | assume constant returns to scale, so the productivity
of a Orm is independent of its scale of production. More importantly, | am assuming that the
productivity of a Orm, its type, is unobservable. If productivity was determined uniquely by the
capital of the Orm, which is arguably an observable characteristic, then the asymmetric information

problem would disappear. My model, therefore, shows that even Orms with the same characteristic,
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but with dicerent projects of unknown qualities, can make dicerent choices of Onancing and liquidity

management.

The model with asymmetric information has another interesting implication. We know that
high type entrepreneurs are continued less often than they would be if information was symmetric.
But what happens to initial investment? If we look at the expression for the optimal choice of /,.,
we can see that the initial investment of the low type is the same as in the symmetric information
case. The interesting action comes from I,:. As observed before, in the optimal contract the high
type chooses to give up some insurance in exchange for a higher initial investment. The interesting
thing, however, is that there is no general implication on how I,» compares to its symmetric
information counterpart. Indeed, it could well be the case that the investment in the high project
under asymmetric information is higher than the investment that would occur under symmetric
information.

To gain some intuition for this results, remember the fundamental trade-oa between initial
Onancing and liquidity insurance in the Holmstrom-Tirole model presented in section 3. There,
the investor and the entrepreneur signed a contract where the investor was committed to continue
the project for higher values of p in exchange for a lower initial investment. Now, Proposition
2 states that, under asymmetric information, the high type project is continued only for lower
values of p. Thus, the comparison between initial investment under symmetric information and
initial investment under asymmetric information breaks down to the comparison between the new
threshold Py and the ex-post optimal continuation rule for the investor, 67 p,. More speciCcally,
if ppls > 0 p,, asymmetric information reduces the scope for liquidity insurance, but at the same
time makes the project more proOtable for the investors who are happy to make a higher initial
investment. On the contrary, if asymmetric information calls for a contract so distorted that
Poir < 0 p,, then the high type project will be less proOtable for both the investors and the

entreprenuers. In this case, I, is lower than its symmetric information counterpart.

5 Asymmetric Information with Onancial markets

Let® now turn to the full model where the price of the asset in veriOable and can be contracted
upon.

Remember that the price is informative about the type of the project, but it is observed only
after the contract is signed. Since in equilibrium there is truthful revelation, and the entrepreneur
reports his type before the price is observed, it is not clear why the price should enter the optimal

contract.
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Some papers in the mechanism design literature (Riordan and Sappington (1988), Bose and
Zhao (2007)) have studied the problem of an uninformed principal observing an ex-post signal
about the type of an informed agent. They show that, even if in equilibrium the signal does not
reveal extra information to the principal, the latter still Onds it optimal to condition the contract
on the signal. The reason is that, by conditioning the terms of the contract on a signal that is
informative about the agent® true type, the principal alleviates the distortions coming from the
asymmetry of information. To see this, consider the extreme case in which the signal is ex-post
perfectly informative about the true type of the agent. The principal could o=er a contract which
ex-post severily punishes the agent who ex-ante misreports his type. However, with this contract
the agent has no incentive to misreport his type and reveals the truth. The interesting thing is that
in equilibrium the signal does not reveal any more information to the principal. The only gain of
using the signal comes from the possibility for the principal to relax the ex-ante problem and ozer
a less distorted allocation to the agent.

In this paper, the principal is the investor, the agent is the entrepreneur, and the ex-post signal
is the price of the asset. The important dicerence is that the signal of my model is endogenously
determined in equilibrium together with all the other elements of the contract. In particular, the
liquidation rule speciCed in the contract acects the distribution of the price. This complicates the
analysis, but | will still be able to derive some important insights.

The possibility of observing an endogenous price that signals the type of the agent raises the
issue of whether the investor is sophisticated enough to take into account how the distribution of
the price is arected by the contract. An investor who fails to take this into account when signing
the contract can lose a substantial amount of money. In what follows | assume that investors fully
understand how the contract they ocer acects the equilibrium distribution of the asset price.

Let me change the problem to allow investors and entrepreneurs to condition the optimal con-
tract on the asset price. Remember that &, (-0, p) is the cdf of the price distribution which is
determined from the equilibrium in the Onancial market. The equilibrium is the solution to:

ax, U (C; @, (-10,p)) (P3)

subject to the contract delivering zero proOts to the investor who owers it:
™ (C; ®p (:l0,p)) =0
and the incentive compatibility constraint for the two types:

U (Cpi 0", @y (10, p)) > U (Cyis 0, (167,p)), i =L,H
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To solve (P3) | Orst need to Ond the equilibrium in the Onancial market. Remember from
deOnition 2.1 that the equilibrium asset price is given by:

p=E[G(0)xo(p,p) +1(0) (1 —xg(p,p))10,p,p] —u 3)

Consider the continuation rule for type 6, x, (p, p). If for the pair (p, p) the project is continued,
the expected return is E [y (6) |#] = R6, otherwise, the return is [ (#). The quadratic objective of
the traders then implies that the demand for the asset is equal to R — p if the project is continued,
and is equal to [ (9) — p if the project is liquidated. The equilibruium is given by the price where
this demand intersects the random supply .

The following graph plots the inverse demand and the supply of the asset for a project of type
6 and a liquidity shock p.

LD 8)

The graph highlights an important point. The dependence of the asset price on the continuation
rule x, (p, p) will in general lead to multiple equilibria for certain values of the supply «. In the
region where multiple equilibria exist, the project will be continued if the equilibrium with the
higher price is selected and will be terminated otherwise.

When multiple equilibria exist the equilibrium distribution of the asset price depends on the
equilibrium selection criterion. In general, a selection criterion could be a function of other objects
of the model like, for example, the liquidity shock or the speciCc realization of the random supply.
Also, a selection criterion could also depend on some parameters of the model. This would make
comparative static exercises particularly hard to perform. For simplicity, I am simply going to

assume these issues away and consider a random selection criterion which is independent of the
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other shocks or parameters of the model. More speciQcally, | am going to assume that whenever
there are two equilibrium prices, the higher price is selected with probability ~.

The investor and the entrepreneur know the speciOc form of the selection criterion and take
this into account when signing the contract. In appendix Al.2 | show that, if the parameters of
the model satisfy the condition (6), then there exists a threshold py (p) such that x, (p, p) can be
represented as:

1 ifp>pg(p)

Xo (D, p) = _ 4)
0 otherwise

The assumption that is needed to prove this result is essentially a requirement that if an investor
wants to continue a project for a given p, then he wants to continue the project also for higher
realizations of the asset price. The reason why this restriction is not automatically satisOed has to

do with the possibility of multiple equilibria in the Onancial market.

With this representation of x, (p, p), it is easy to derive the probability density function of the

equilibrium distribution of the asset price:

¢y (RO —p) if p> RO+ pp (p) — 1 (6)

V¢, (RO" —p)  if po(p) <p < RO+ py(p) —1(0)

(L=7) ¢, (1(0) —p) ifpg(p) — RO+ 1(0) <p<po(p)
¢y, (1(0) —p) if p < pp(p) — RO+1(0)

op (pl0, p) = (5)

This distribution comes directly from (3) under our assumption that, for those values of p for
which there are multiple equilibria, the higher price equilibrium is selected with probability v. The
interpretation for this price distribution is simple. The probability of observing a particular price
p is given by the distribution of the noise ¢, evaluated at the value of « given by the equilibrium
in the Onancial market. Also, if an investor observes a price p which is in the range where multiple
equilibria exist, he will have to take into account the selection criterion. This is the reason why ~
appears in (5) when p € [py (p) — RO+ 1(0), R0 + pg (p) — 1 (0)].

Optimal continuation rules. The next step is to substitute the equilibrium price distribution
(5) into P3 and solve for the optimal contract. In appendix Al.2, | show that it is possible to Ond
the optimal continuation rules x, (p, p) in P3 by maximizing the objective function pointwise for
each value of (p, p). This leads to a Oxed point problem which I solve numerically. More speciCOcally,
in appendix Al.2, | show that the optimal continuation rule for the low type does not depend on
realization of the asset price, that is, x,. (p, p) = x4z (p), Vp. This is intuitive: remember that the

asset price is useful for the investor only insofar as it gives the entrepreneur better incentives to
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truthfully reveal his type. However, under my assumptions, only the low type has an incentive to
misreport his type. The investor and the entrepreneur Ond it optimal to condition the contract on
the price and, therefore, to let the continuation decision partly depend on the extra noise in the
contract (that is, the noise due to the random supply and the equilibrium selection when multiple
equilibria exist) only if this can help relax the ex-ante problem. Since only the incentive constraint
of the low type binds in equilibrium, there is no reason to have the optimal contract for the low
type depend on the asset price.

Formally, there exists a threshold p,. such that p,z (p) = —oo for p < p,z and pyz (p) = oo for
p > pyr. Hence, the continuation rule (4) for the low type becomes:
1 ifp<py

Xor (p) = _
o 0 otherwise

Interestingly, it is possible to prove that p,. coincides with the symmetric information threshold
in section 3 which, by Proposition 2, is also the same as the asymmetric information threshold
without asset prices. Again, this is quite intuitive: distorting the liquidity insurance for the low
type would only harm the investor since the low type would have a greater incentive to misreport
his type.

On the other hand, the optimal continuation rule for the high type x,= (p, p) depends on the
asset price. Formally, let VV* be the value of P3, that is, the expected utility of the entrepreneur
evaluated at the optimal contract. Also, let V; be the expected utility that a low type entrepreneur
would get if the investor knew his type before signing the contract. The following lemma, which 1

prove in appendix Al.2, provides a simple characterization of the optimal threshold p = (p).

Lemma 1. The optimal threshold for the high type pg (p) in (4) is the solution to:

95 (Bor (0)) fgr (p) _ . (0"R—=1(07)) = V* (p— 0% py +1(6")) ©)
gp (pgr (p)) for () 1—a (6" R —1(6%) (45 - 1)

where
is the pdf of a mixture of two Normal random variables with mean RO and 1(0), respectively,

evaluated at the optimal threshold pyr (p).

The left-hand side of (6) is the likelihood ratio of the pair (px (p) , p) when g% (P (p)) is used
as pdf for p,u (p). From Lemma 1 we can see that gi, (p,u (p)) is a mixture of two Normal random
variables whenever v € (0,1). This comes from my assumptions on the equilibrium selection

criterion.
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While this problem has to be solved numerically, for given values of V* and V;* | can use
equation (6) to characterize the optimal threshold p,= (p) separately for each p fioptimal thresholds
corresponding to dicerent values of p are connected only through the values of V* and V. | can
then prove some properties of p,= (p) without having to solve the overall problem (that is, without

having to compute V* and V}).

The optimal value of the problem V* is greater than the optimal value V;*, hence the denomi-
nator of the right-hand side of (6) is positive. Thus, if p is high enough that the right-hand side is

negative, that is, if

0" R —1(6")
V*

then the optimal threshold will be co. That is, for high enough values of p, the project will be

p > + 0 py —1(6M)

liguidated no matter what the price is.

Also, the ratio g% (pyu (p)) /g% (byu (p)) is the contribution of the asset price to the optimal
continuation rule. Under the assumption that I (6) # 1 (¢%), the asset price is informative both
when the Orm is continued and when the Orm is liquidated. The ratio g% (p,u (p)) /g8 (p= (p))

is, in fact, given by combining these two cases with weight ~.

The fact that (6) depends on V*, which itself depends on x,u (p, p)? implies that solving this
equation for p,u (p) is not enough to characterize the optimal continuation rule. However, since
for each p the optimal threshold p,u (p) depends on all the other thresholds p,= (o'), p' # p, only
through V*, I can solve P3 by solving a Oxed point in V*. In particular, given an initial value for V*,
call it V", | can solve (6) to get the thresholds {ﬁeH (p; VO*)} (I have made explicit the dependence
on V) and use them to compute the new value of P3, call it V;*. The Oxed point of this algorithm is
the optimal value V* and, therefore, the optimal thresholds are p,= (p; V*) = pu (p). In appendix
6 | deOne this Oxed point problem more formally.

The next proposition summarizes these results.

Proposition 3. The solution to P38 is given by a menu of contracts C*Y™P with the following

properties:

1. The entrepreneur consumes the minimum share of output if the project is successful and

nothing otherwise:

cp (p, p) = (R —pg) Ig, cg(p,p) =0, cjp (p,p) =0

2The dependence on V7 is not an issue here since V7 depends only on x,z (p), which can be computed separately
from x,u (p, p).
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2. The investor receives all the pleadgeble income if the project is successful and the liquidation

value if the project is liquidated:

7

S (p,p) = polos ¢y (p,p) =0, chp, (p,p) =1(0) Iy
3. The low type obtains the same liquidity insurance as in the symmetric information benchmark:

L if p < pyr

XoL (p) = )
0 otherwise

4. The continuation rule for the high type x,u (p,p) depends on the asset price. Formally, for
each p there exists a threshold pywr (p) such that

1 ifp > DoH (p)

Xor (P, p) = _
0 otherwise

where pyw (p) is the unique solution to (6).
5. The initial investment levels are given by (15) and (16) in appendiz 1.

6. The optimal contract determines an equilibrium distribution for the asset price ®p (pl6, p)

given by (5).

5.1 Comparative Statics

Now that | have characterized the equilibrium, I can answer the interesting question of what would
happen if Onancial markets were to become less informative about Ormsi fundamentals. In my
model, a less informative Onancial market can be captured by increasing the noise of the random
supply 2. A noisier supply makes it harder for investors to learn the fundamental of a Orm from
its asset price.

More speciOcally, | consider the ezect on the optimal contract of a change of 02, both in the
case that this change is anticipated by the agents when the contract is signed, and in the case
that it is not. Of course, in the former case the change of o2 is going to be incorporated in the
contract. On the other hand, a non-anticipated increase of o2, can be thought of as a realization
of a zero-probability event after investment and liquidity management decisions are made.

While the case that the change of o2 is totally unexpected might sound extreme, it may nonethe-
less capture some of the events happening during the recent Onancial crisis. To be sure, Onancial
market crashes are not totally uncommon and we can expect investors and entrepreneurs to some-

how take this risk into account when deciding on liquidity management. It is also true, however,
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that the severity of this crisis stroke many market participants, at least in part, as completely

unexpected.

The reason why Onancial crises are associated with less informative asset prices comes from the
idea that the informed traders are also those with higher leverage. Think of informed traders as
investments banks or hedge funds. When prices drop, high leverage investors are hit more severily
than other investors and are forced to withdraw from the market (either because they go bankrupt
or simply because they are subject to margin calls). With fewer and more constrained informed
investors, Onancial markets become less informative. This mechanism has been studied recently by
Angeletos and Lorenzoni (2010). Here, I am going to take a much more reduced form route and
simply consider exogenous variations of o2. It is important to keep in mind, however, what is the
rationale behind this comparative static exercise.

Remember that o2 enters the problem through (5). In particular, for given contract and hence
for given threshold p,= (p), an increase of o2 makes the equilibrium distribution ®p (p|6, p) more
dispersed. Of course, as | said above, the overall ecect of a change of o2 depends on whether this
change was anticipated or not and, therefore, on whether p,x (p) changes or not. Let® Orst analize
the case where the change is not anticipated. By assumption, the contract signed at time 0 does
not incorporate the change of o2 and, in particular, the optimal threshold Dy (p) is exactly the
same as before. When time 1 arrives, investors and entrepreneurs face a new and unexpected price
distribution @’ (p|, p).

A noisier supply implies that in equilibrium more extreme realizations of asset prices are ob-

served with higher probability. For given threshold p, (p), a higher price implies that the Orm is
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continued more often, while a lower price implies the opposite. After an unexpected increase of
o2, therefore, liquidation of good projects can increase or decrease depending on the shape of the

demand function.

Proposition 4. At the optimal contract C*Y™P | for each p the probability of continuation is given
by
Pr (p > DoH (p) |P) =P (RHH — PgH (p)) +(1=7)@ (l (HH) — DgH (p))

Furthermore, there exists a threshold pyr () > 0 such that Pr (p > pyu (p) |p) is decreasing in o2

for o (p) < Por () and it is increasing in o2 for pyu (p) > Do (7).
Finally, dpgw () /dy < 0.

Proposition 4 shows that the ecect of o2 on the probability that a Orm is liquidated depends
on the threshold p,x (p) and hence on the liquidity shock p. Firms that experience low liquidity
shocks and, therefore, are continued even if asset prices are not so high (i.e., py= (p) is low) will
face a lower probability of being continued. This is true because when o2 increases the probability
of observing more extreme realizations of the asset price increases. The opposite is true for high

values of p.

The alternative case is when investors and entrepreneurs expect Onancial markets to become
less informative and incorporate this into the contract. It is easy to imagine how the result will
look like. As the asset supply becomes noisier, investors will rely less on the market. In the
limit, the market becomes completely uninformative and the model collapses into the special case
of section 4. To conOrm this intuition let® reconsider equation (6). The right hand side of that
equation does not depend on o2, while the left hand side depends on o2 through the likelihood
ratio g5 (pyu (p)) /92 (Peu (p)). Now, the limit of g% (pyu (p)) /g% (Pen (p)) as o2 grows to inOnity
is 1. This means that in the limit as the asset price becomes completely uninformative, investors
stop using it and (6) becomes the same as the condition that deOned pg}y in Proposition 2. The
following graph plots the survival probability fithat is, Pr (p > Pt (p) |p) fas a function of p for

for three dicerent values of o2. In the simulations | have assumed (") =1 (#*) =0 and v = 1.
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Survival Probability

probability

We already know that the probability that a Orm is continued decreases when higher liquidity shocks



fundamentals. Thus, if during a Onancial crisis informed traders lose wealth and prices become less
informative, then this model shows another possible mechanism through which market disruptions
can lead many valuable Orms to bankruptcy.

Finally, I show that the endogeneity of asset prices may hinder the extent to which it is possible
to use Onancial markets. In particular, 1 show that when liquidation decisions are based on asset
prices A as they are in the optimal contract A multiple equilibria in Onancial markets may be

possible.
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Proofs

Al.l Proof of results (1) and (2) in Propositions 1, 2, and 3
Denote with S the expected surplus originated by the project, that is
S (Xgus Xgrs Igus Igr) = o RIu / / Xou (p p) d®p (p|0*™, p) dF,u (p)
+(1—a) eLRIGL//XQL (p, p) d®p (p|0*, p) dF,L (p)
+al (07) Iy [ [ (1= g0 (0.0) a0 (16, p) dFpa (9)
+(1—a)l (%) I, // (1= xge (p,p)) d®p (p|0, p) dF,e (p)

and with E? [cg,xg/] the expected payment to the entrepreneur of type @ if he reports type ¢, that

is,
B [chxg] = 0 / / & (p: p) xo (p, p) d®p (pl0', p) dFy (p)
+ (1 —9)//65 (p, ) X6 (ps p) d®p (p|6', p) dFy (p)

+/05,L (p,p) (1 = xq (, p)) d®p (|0, p) dFy (p)

The problem is then

max S(X@H,X@L,IGH,IGL)
{ce7X9H7XgL7[9HJgL}
subject to
H L
S (Xg, Xgr L, Iyr) — oB”" [crxgn] — (1 — ) BY [chxpe] — adgu — (1 — ) Ie + A 7

= alyr [ [ o 00 a0 (567 0) dFypn ()~ (1= ) I [ [ oo (0.0 a0 (916 p) dFp () 2 0

L L
E” [egoxpr] = B [cguxpn] ©)
H H
E”" [cguxgn] = B [chxge] ©)
Cor (P p) = (R —po) Ly, € (p,p) > (R — po) Iyr (10)
cor (0sp) > 0, cpu(pp) >0 (11)

G () 2 0, (,0) >0
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In words, the contract has to maximize the total surplus subject to the investors making non-
negative proOts (7), the two incentice compatibility constraints for the entrepreneurs, (9) and (8),
the moral hazard constraints for the entrepreneurs (10), and the limited liability constraint for the
entrepreneur (11).

Under my assumption the low type will want to pretend to be high type, but not vice versa.
Thus, in the maximization problem I will ignore the IC constraint for the high type.

Let 11, v, 0%y (p,p) dp (D107, p) four (p), 0% L, (. p) ép (IO, ) for (),

(1=0") ou (0. p) 6p (016", 0) forr (p), (1= 0%) 1, (p,p) dp (10", p) fyr (p) be the Lagrange multi-
pliers on the constraints, respectively. The Orst order condition w.r.t. o (,p)s o (), T (D5 ),
and cor (p, p) are, respectively,

9L

—paxgn (p, p) — v Xen (p,p) +vu (p,p) 20

— oL
—naxgn (p,p) =V Xen (P p) + ¢ (p,p) 20

—p (1= a)xqe (P, p) +vXge (p.p) + 7L (P, p) 20
—p (1= a)xqe (P, p) +vXgr (P, p) + 01 (D) 20
—pa (1= xgu (p,p)) — ng (1= xgn (0, p)) + 61 (p,p) 20
—p (1 —a) (1= xpe (p,0) +v (1= xgr () + 01 (p,p) >0

Note that if the constraint ¢, (p, p) = (R — pg) Iyn and the constraint ¢, (p, p) > 0 didnit bind
for a pair (p, p) for which the Orm is continued (i.e., x,u (p,p) = 1), then v4 (p,p) = 0 and
o (p,p) = 0. This would make the Orst two conditions negative and contradict the fact that
¢ (p,p) = (R — po) Iyn and ¢gy (p, p) = 0 didnit bind.
Therefore, it is optimal to set
o (P p) = (R — pg) Lgn
and
QZH (pap) =

Also, we must have
—p (1 — ) Rxye (p, p) + vRxyz (p,p) +71 (0, p) <0

—p (1 =) Rxge (p, p) + vRxge (p,p) + 1 (p,p) <0

Otherwise, we would have either ¢7, (p, p) = oo or ¢, (p, p) = oo which violate (7).
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I am going to show that also for the low types the moral hazard and limited liability constraints
must bind.

If the two conditions above hold with equality for a pair (p, p) for which x,z (p, p) = 1, then we
can choose ¢7,, (p, p) and cf, (p, p) so that the constraints cj, (p, p) > (R — py) Iz and ¢, (p, p) > 0
dontit bind. In turn, this implies that v, (p, p) = 0 and ¢ (p, p) = 0 and both conditions become:

—pu(l—a)+v=20

But if this equality is true, then v, (p, p) = 0 and ¢, (p, p) = 0 for all (p, p) for which x,. (p, p) = 1.
To see this, observe that if for some pair (p,p) we had v, (p,p) > 0 or ¢, (p,p) > 0, then either
e, (p, p) or .. (p, p) would be inOnite.

Now, assume that —u (1 —«) + v = 0, and consider a pair (p,p) for which x,. (p,p) = 0.
Suppose that either ~; (p,p) > 0 (the moral hazard constraint is binding) or ¢; (p,p) > 0 (the
limited liability constraint is binding). The former would imply Cor (p,p) = oo, and the latter
ggL (p,p) = oco. Both of these values contradict the fact that, by assumption, either the moral
hazard or the limited liability constraint is binding. Therefore, it must be true that v;, (p, p) = 0 and
¢y, (p, p) = 0 for every pair (p, p) such that x,z (p, p) = 0. | have already proved that v, (p,p) =0
for every pair (p, p) such that x,. (p,p) = 1. Thus, v, (p, p) = 0 for all pairs (p, p). This, however,

implies that the moral hazard constraint

/VL (0, p) (€ (p,p) — (R — pg) Igr) =0

is satisOed for every I,. and, therefore, that I,. = co. The latter violates the (7) constraint.

Thus, the optimal payments to the entreprenuer must be such that

Com (D p) > (R —po) Lgn, €oo (p,p) > (R —py) Iye

v

con (Psp) 0, cou(pp) =0

c;H?L (p7p) Z 07 CZL,L (p7p) Z O
Al.2 Proof of Lemma 1
Consider the maximization problem:
max S(X@H,X@L,IeH,I@L)
{X9H7X9L719H7[9L}
subject to

— alyn //pxaH (p,p)dPp (p\GH,p) dFyn (p) — (1 —a) I,z //pxaL (p, p) d®p (p|0L,p) dFye (p) >0
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L L
B [cgixgr] = B [cfuxpn]
Both constraints will hold with equality, thus I can solve the Orst constraint for I,» and the second

constraint for I,.. After subsituting in the optimal payments c® and rearranging, the maximization

problem can be rewritten as:
S
V* = max A— (XHH XGL)
{xH,xL} D (X@H,X@L)

where
S (XQH,XQL) = ol (QH) + (HHR —1 (GH)) //X@H (p,p) d®p (p|9H,p) dFyu (p)

+(1—a)l(0Y) + (1 —a) ("R -1 (6%)) //XGH (p, p) d®p (p|0, p) dFye (p)

and

D(X@H,XQL) = a(l—l(GH)+//(p—0Hp0+l(0 ))XHH (p,p)d®p (p|0H,p)dF0H (p)>

ffXé)H p,p) d®p (p|0", p) dF,z (p)
ffXGL b, p )dq)P (p|0L7 ) 91: (p)

<1—l (6%) + //(p 0" py +1(07)) xor (p, p) d®p (pl0", p) dF e (p)>

+(1—

I conjecture that x, (p, p) takes the form

1 ifp>py(p)
Xo (D, p) = .
0 otherwise

for some thresholds pg (p). | will show that this conjecture is correct under a condition on the
parameters of the model. As discussed in the main text, for given threshold py (p), the endogenous

distribution of the price p is given by:

¢y (RO —p) if p > RO+ pp (p) — 1(0)
V6, (RO" —p)  if Py (p) <p < RO+ Py (p) —1(0)
(1 =) ¢, (1(0) —p) if Py (p) — RO+1(0) <p < po(p)

¢y (1(0) —p) if p < po (p) — RO+1(0)

p (0, ;P9 (p)) =

The maximization problem now becomes:

S
V* = max A—=
{ﬁgH (p)Jj@L (p)} D
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where

$ G (07 () = 0l O") v (@R=10") [ [ dwr (10" 0) aF (0
ng

+(1-a)l (") + (1 —a) ("R —1(0 // d®p (p|6*, p) dF,. (p)

and

D (pyu (p) ,ppr (p)) = a<1—z(0H)+//_°o()(p—aHpo+z(eH))dq>P(p\9H,p)dF9H(p)>
PoH (P

ffpeH d®p (p|6~, p) dF,e (p)
fpr d®p (p|6o* ,p) dF, (p)

x <1—1(9L) 4 / /p o= L (07) dep (" p) iy (p)>

+(1-a)

Note maximizing w.r.t. p,z (p) is equivalent to solving

(OLR* ( L)) ffpooL(p d®p (PWLaP) dFye (p)
paro) 1= 1(0%) + [ 25 ) (0= 0700 +1(67)) dp (pl6% ) dFye (1)

(12)

The Orst order condition of (12) is exactly the same as in the symmetric information benchmark.

Thus, the optimal . is undistorted and does not depend on p. In particular, there exists a constant

threshold p7} such that
L ifp<pj
Xor (p) = 0

otherwise

Denote with V;* the optimal value of (12) and plug the optmal continuation rule x,z (p) into

(??) to obtain (with a slight abuse of notation):

V* = max AS( i (p)vpL)

13
por(0) D (pr (p) . p}) (13)

Consider now the integral:

o0
/ / 4o (pl6, p) dFp (p)
Do (p)
RO+-py (p)—1(6)

/ / ¢y, (RO —p) fo (p) dpdp + / / Yo (1RO = p) fo (p) dpdp
RO+pyu (p)—1(0) Py (p)
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where | have used the expression of the equilibrium distribution ®p (p|6, p). We can dicerentiate

it w.r.t. pym (p) to obtain:

by (RO — Py (p)) fo (p) — (L =) &y, (1(0) — Byir (p)) fo (p) = =g (e (p)) fo (p)

The FOC of (13) is then given by:

-« (HHR -1 (HH)) gg (ﬁaH (P)) for (p) = (1= ) (HLR —1 (‘QL)) QJLD (ﬁeH (P)) for (p)

+ v (a (p=0"pg +1(0™)) g2 (Bor (p)) forr (p) + (1 — ) HR‘_,Lf(G)gzLo (Bort (p)) for (p)> =0

or, collecting the terms containing p* (p),

g}L)(ﬁaH(p))f@L(p)_ a OFR—1(0") —v* (p—0"py+1(6%))

gp (Bu (p)) four (p) 1 -0 ("R —1(0")) (¥ —1)

which is (6) in the main text. Notice that the Orst order condition depends on the value of the

problem V* and on the value for the low type V.

For given value of V; and V* let p,u (p; V*, V}") be the solution to the equation (where | am

explicitly highlghting the dependence on V* and V)

95 By (V= VE) for (p) o 0FR—1(07) —V* (p— 0" py +1(6™))

gp (g (P V=, Vi) forr (p) 1= ("R —1(6%)) (V7 — 1)

(14)

First notice that the value of V;* can be found by maximizing (12) regardless of the threshold
o (p; V¥, V). Also, given V¥, for each value of V* (14) can be solved to Ond the threshold

per (p; V*, V) and hence a continuation rule x,= (p, p; V*, V}).

Let

F(V*,Vg) —A ‘? (ZjGH (pav 7VL) 7pL)
D (pgr (05 V*,VE) s )

be the value of the objective function in 13 at the solution p,u (p; V*,V}), p7, and V. The value

V* of 13 is then given by the solution to the equation
Ve =T(V* V)

I solve this problem numerically.
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From the zero-proOt condition of the investors and the IC constraint we can get the expressions

for the initial levels of investment:
A
Iyp = =—— (15)
D (XeHvXeﬂ)
and .
[ [ xgr (p,p) d®p (p|0", p) dF,e (p) A

_ 16
I [ Xt (p.p) d®p (pl6", p) dFye (p) D (xger, Xge) (19

Iy =

Finally, we need to verify that original conjecture that x, (p, p) can be represented as in (4) is

true. It turns out that the conjecture is true provided that the parameters of the model R, 07, 6%,
L(67), 1(0") satisfy

d (91% (p))

dp \ g8 (p)

This restriction is necessary and su¢ cient for the likelihood ratio g% (p,u (p)) /g2 (Pyu (p)) in (6)

<0
p=(RO¥+1(6"))/2

to be monotone (decreasing) in the threshold pyu (p).

Al.3 Proof of Proposition 4

From (5), for given p, the probability of being saved is

o0

by, (RG—p)der/ ¢, (RO — p)dp
RO+Pym (p)—1(0)

RO+Pym (p)—1(0)

Pr (p > pyu (p) |p) = 7/
DyH (p)

Let u = RO — p, then

RO—Pyn () U0)—Pym (P)
_ v/l b <u>du+/ b (u) dp

(0")—pym (p) —0o0
= 7@ (RO — pyu (p)) + (1 =) @ (1(0") = pyu (p))

which can be dizerentiated w.r.t. o2 holding py (p) constant:

11 RO—pyu (p) 1 u2 1(0)—pyu (p) 1 u2
“207 (” /l@H)peH(p) NZ=a {‘202} ot /oo =R {‘202} dp)
. (’y /RepeH(p) 2u2 o {_ u? } ot /l(e)p,,H(p) u? ox {_ u? } dp)
107 )1 () 2 (03)* /2707 207 o0 2(02)* /2102 207
1 RO—Bori () 42 _ 2 »: OBy (p) 2 _ 2 w2
T 2(02)? (V/Z(GH)—ng(m Jﬁexp{_%i}dwf—oo We’ip{‘zaz}@)

1 RO—po(p) 4,2 _ 52 2 UO)—DPpr (P) 42 _ 52 2
= 5 ’7/ . U”GXP{—ug}dWr(l—v)/ - U“exp{—uz}dp
2(02) —c0 2102 207 —0 2mo2 205




if RO —pg (p) < O then derivative is positive
if 1(6) —pg (p) > 0 then derivative is negative

if RO —pg(p) > 0>1(0)—py(p) then derivative depends on ~

Al.4 Proof of Proposition 5

The proofs of (1) and (2) are analogous to the proofs of the corresponding results in Propositions
1, 2, and 3.

From the zero-proOt condition in P4 we can solve for the initial investment level of the two

types of projects:

A

B = IO T [T 0 7 10) < (o) 87 8,7 dEs ()

This proves (3).

The maximization problem can then be rewritten as:

max (RHH//XQH p, p) d®3° (pl6™, p) dFyu (p) —1—//px9H p,p) d®5° (pl6", p) dFyu (p)> e

o

subject to the IC constraint for the low type:

(RGL//XQL p, p) d®55 (pl0*, p) dF,z (p —1—//px9L p,p) d®5° (pl6*, p) dF,L (p )) e

As usual, | conjecture that X;;‘S (p, p) takes the form

1 ifp>p559 (p)
x5 (p,p) = { 0

0 otherwise

for some thresholds 5, (p). In turn, this implies that the equilibrium distribution for the asset

price is identical to (5) in the main text:

¢y (RO — p) if p > RO+ py° (p) —1(0)
Yo, (RO* —p)  if pg¥ (p) < p < RO+ P} (p) — 1 ()
(1 =) ¢, (1(0) —p) if 53 (p) — RO+ 1(0) <p < 5 (p)
¢y (L(0) —p) if p < py® (p) — RO+ 1(0)

#° (pl0, p) = (17)
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I can then rewrite the problem as:

max (RGH/ /_A d®3° (pl6", p) dFyu (p )—1—/0 / pd®3° (p|0™, p) dF (ﬂ)> Lyi?

AS
{pvaL gH(p)

subject to the IC constraint for the low type:

<R0L I / 4 (po"p) dFye () =1~ [~ [ pdééS(peL,p)de)) 145

725 (p)

oL
> <R0L / /AS Ao 45 (pl6”, p) dFye (p) — 1 — / / pd®3% (p|6*, p) dF . (p)) I

Given that the IC constraint will hold with equality at the optimal solution, we can use it to
substitute for 137 in the objective function.

Let V45 and VA5 be the expected utility that the high and low type get in equilibrium,
respectively. The continuation rule for the low type is once again undistorted. In fact, the Orst

order condition w.r.t. 577 (p) is:
(1+ V) p— ROY — Vi (0py +1(0)) > 0 (18)

which is independent of ﬁg‘Ls (p). Also in the case of adverse selection, therefore, the continuation

rule for the low type has the form:

1 if p < pps
XpL (P) = .
0 otherwise

where p# is the solution to 18. This proves (4).

To Ond the optimal continuation rule for the high type, we can use the IC constraint to sustitute

Ié“lf into the objective function:

max <R9H//x9H p, p) d®3° (p|6™, p) dFyu () —1—//px9H p, p) d®3° (pl6", p) dFyu (p)> L7

{XG

AS

1S RO™ [5° [5is ) 4@3° (P10, p) dFys (p) = 1—fo°o Jos o PA®E5 (pI0™ p) APy (p)
Vi® = max
S O fAS dop® (pl0", p) dFpe (p) = 1 =[5~ [5is () pAD3" (P16, p) dFye (p)

where | have evaluated the IC constraint at the optimal continuation rule of the low type (this is

the reason V' is in the objective function). The Orst order condition w.r.t. p/}? (p) gives:

gp° (ﬁg‘g (p) IQL,p) for (p) VS (p— ROM)

B 19
gp° (ﬁg‘§ (p) |0H,p) for (p) — VS (RO - p) (19)

41



where
g8 (i (0)10,p) = 10 (RO — Dyt (p)) + (1 =) by, (1(6) — B, ()
19 implicitly deOnes pg‘,;q (p). Of couse, as we did also in Proposition 3, solving 19 for a given value

of V4% is not enough since V4 itself is a function of the continuation rules. Instead, V#* has
to satisOes a Oxed point problem equivalent to the one shown in the proof of Proposition 3. This

proves (5)
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Extension: Adverse selection

In the main text | have assumed that when investors and entrepreneurs meet they do so under
symmetric information. In particular, entrepreneurs learn their types only after they have signed
for a menu of contracts with the investors. In section 2 | have explained that the main reason for
making this assumption is that it makes the analysis easier without altering the main conclusions.
In this appendix, | consider the alternative assumption of having entrepreneurs learn their types
before the contracting stage.

There are two important reasons for writing this appendix. First, I can prove that the results in
the main text are not speciOc to the particular way investors and entrepreneurs interact, nor are they
speciCc to the deOnition of equilibrium adopted. On the contrary, when the equilibrim exists, | can
prove that the main insights go through with few interesting dizerences. One important dicerence
is that, in the equilibrium I study here, there is no cross-subsidization between dizerent types of
projects. In other words, investors ocer contracts that make zero expected proCts separately for
each type. On the contrary, under the other assumption, investors were making zero proQOts only
on average between the two types.

As shown in Rothschild and Stiglitz (1976), if a Orm oxered a contract which cross-subsidizes
between dicerent types of agents, an investor would Ond it proCtable to ozer another contract which
""cream skims" the high types away from the cross-subsidizing Orm. This, in turn, would make the
cross-subsidizing contract unproOtable. This feature of the equilibrium is particularly interesting
for my model. | show that, when cross-subsidization is absent, any ez-ante information fthat is,
any information that arrives before the contract is signed fiwill not be included in the contract.
On the contrary, the ez-post asset prices considered in this model will still be part of the optimal

contract.

Digerent equilibrium concepts have been considered in the literature of competition with adverse
selection, but so far none of them has proven to be conclusive.

Consider, for example, the seminal contribution of Rothschild and Stiglitz (1976). They look for
a Nash equilibrium of the game where Orms compete by ozering insurance contracts to risk averse
agents. They prove that, when such equilibrium exists, Orms separate the dicerent types of agents
by selling them dicerent contracts. Moreover, as already discussed above, in equilibrium Orms do
not cross-subsidize among dixeret types of agents. The well known problem with this equilibrium
concept is that it fails to exist for a non trivial subset of parameters.

Other papers have tried to get around this problem by introducing dicerent deOnitions of

equilibrium. Riley (1979), ?, and ? have extended the game so that competitors can react when a
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Orm deviates from the equilibrium. This solves the problem of existence in Rothschild and Stiglitz
(1976), but the deOnition of equilibrium is not totally appealing. ? extends the game to a dynamic
setting and shows that the results of Rothschild and Stiglitz (1976) are not entirely robust to this
modiQcation of the game.

Prescott and Townsend (1984) study the properties of Walrasian equilibria in economies with
dizerent forms of asymmetric information. Unlike the above game-theoretic literature, in a Wal-
rasian equilibrium there is a market where price-taker Orms ozer insurance contracts to risk averse,
price-taker individuals. Prices then adjust to clear all the markets. The key point is that in general
dizerent types of agents face dizerent prices (insurance for a high risk individual is likely to be
more expensive). In equilibrium each agent has to be willing to purchase the insurance contract
from the market of his type. Prescott and Townsend (1984) show that a Walrasian equilibrium
always exists but, in the presence of adverse selection, the equilibrium may fail to be constrained
e¢ cient. In particular, in the simple Rothschild-Stiglitz economy, they show that the equilibrium
fails to be constrained e¢ cient for the same parameters for which the Nash equilibrium used by
Rothschild and Stiglitz (1976) fails to exists.

In a more recent paper, Bisin and Gottardi (2006) show that the Walrasian equilibrium in
Prescott and Townsend (1984) is not e¢ cient because of an externality that each type of agents
exerts on the other types when buying an insurance contract. Also, they characterize the Walrasian
equilibrium for the Rotschild - Stiglitz economy and show that it is always given by the separating
contract with no cross-subsidization among dicerent types of agents. The externality works through
the incentive compatibility constraint. Bisin and Gottardi (2006) deal with this externality by
considering Lindhal equilibria. This equilibrium concept, together with an exogenous restriction
on the types of contracts that agents can buy, delivers existence and e¢ cieny of the equilibrium for
the Rotschild - Stiglitz economy. However, a recent paper by Rustichini and SiconolO (2008) shows
that, if the exogenous restriction on the set of contracts in Bisin and Gottardi (2006) is removed,

the equilibrium may again fail to exist even if a Lindhal equilibrium is considered.

Given the absence of a conclusive notion of equilibrium for economies with adverse selection, |
adopt a deOnition similar to that in Rothschild and Stiglitz (1976). | then show that the equilibrium
is separating and there is no cross-subsidization between types.

Also, let me point out that the absence of cross-subsidization is not a feature of some unusual
notion of equilibrium. On the contrary, no cross-subsidization happens both in the equilibrium of
Rothschild and Stiglitz (1976), when the latter exists, and in the Walrasian equilibrium of Prescott

and Townsend (1984), which always exists, but sometimes is (constrained) ine¢ cient. Thus, under
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the informational assumptions of this section, an equilibrium with no cross-subsidization between
types is indeed reasonable.

The fact that in equilibriumm there is no cross-subsidization has an esect on how information
is used in the contract. The fact that a dicerent deOnition of equilibrium acects the way agents
use information should not be a surprise. However, | show that the absence of cross-subsidization
implies that if an investor has ex-ante (that is, before the contracting stage) information about the
type of the entrepreneur, he will not use it in the optimal contract. On the contrary, in equilibrium
investors will Ond it optimal to condition the contract only to ez-post information filike the asset
price | consider in this model.

To see why this is the case, remember that in equilibrium investors have to break-even for each
type separately. Now, imagine to provide investors with some information about the type of the
entrepreneurs before the contract is signed. For concreteness, suppose that when an investor meets
an entrepreneur, he can observe the entrepreneur® past performance which is correlated with the
type of the current project. Will the investor use this information to "'skim" the good types? In an
equilibrium with no cross-subsidization the answer is no. To see this, say that the outcome of the
previous project can be either success of failure. Now, imagine that the investor decides to ozer
contracts only to the entrepreneurs who were successful in the previous project. When there is no
cross-subsidization between types, the equilibrium contracts are insensitive to the fraction of high
types in the pool. Thus, an investor who decides to focus only on the group of previously successful
entrepreneurs will face the same basic incentive constraints within this group as an investor who
does not condition on the outcome of the previous project. Hence, there is no reason in equilibrium
to use the information provided by the outcome of the previous project.

This result is analogous to those obtained in the literature on categorical discrimination in in-
surance markets. In particular, Crocker and Snow (1986) and, more recently, Rothschild (2011) are
both concerned with whether banning categorization in the insurance market can improve the equi-
librium e¢ ciency. Interestingly, Rothschild (2011) studies the e¢ ciency of banning categorization
across dicerent equilibrium concepts. He shows that, when there is no cross-subsidization in equi-
librium, then categorization based on risk-related characteristics does increase equilibrium welfare.
On the other hand, when other deOnitions of equilibrium with cross-subsidization are considered,
welfare does increase when categorical discrimination is allowed?®.

There is then a stark contrast between ez-ante information contained, for example, in en-

®The equilibrium concepts considered are the Riley (1979a,b) "reactive” equilibrium (which coincides with the
Rothschild-Stiglitz equilibrium when this exists), the Wilson (1977) equilibrium and the Miyazaki (1977)-Wilson
(1977)-Spence (1978) "anticipatory™ equilibria.
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trepreneursi past performances or in past market signals and the ez-post information provided by
the Onancial markets considered in this paper. In fact, since investors do not cross-subsidize in
equilibrium and use market information only insofar as it relaxes the incentive constraint of the

entrepreneurs, only ex-post information matters and is incorporated in the contract.

As said above, for simplicity, the equilibrium concept | adopt in this section is the standard
Rothschild and Stiglitz (1976) equilibrium. It is well known that this equilibrium may fail to exist
for some parameter values. Since the issue of existence of this equilibrium is not related to the
question | am interested in this paper, | will not provide a proof of existence, nor conditions under
which an equilibrium exists. In general, though, as it is the case in Rothschild and Stiglitz (1976),
the equlibrium exists whenever the fraction of high types « is "high enough™.

Formally, when the equilibrium of the game where investors ocer contracts to informed en-

trepreneurs exists, it is the solution to the following problem:

s, U (Cnst 2, (10" ) *0)

subject to the contract delivering zero proOts to the investor who owers it:
7 (Cp; 0,2, (-|0,p)) =0, VO € ©
and that the contract is incentive compatible
U (Cyis 0,y (110", p)) = U (Cpss 0, @ (10, p)) 05 = L, H

Note that now the zero-proOt condition applies type by type (this is the no cross-subsidization
result). Also, in the separating equilibrium the high type entrepreneur receives the highest possible
payoa compatible with the low type reporting his type truthfully. The following proposition char-
acterizes the equilibrium allocations. | use the superscript "AS" (Adverse Selection) to identify the

objects of this section.

Proposition 5. The solution to P4 (which coincides with the equilibrium of the game when the

CAS

latter exists) is given by a menu of contracts with the following properties:

1. The entrepreneur consumes the minimum share of output if the project is successful and

nothing otherwise:

AS AS AS
g™ (,p) = (R = po) I35, 5™ (p,p) =0, 57" (p,p) =0
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. The investor receives all the pleadgeble income if the project is successful and the liquidation

value if the project is liquidated:
_7145 aAS 7AS
& (p,0) = pols"®, g™ (p.p) =0, g7 (p.p) =1(0) I*®

. The low type obtains the same liquidity insurance as in the symmetric information benchmark:

1 ifp<pfS

Xt (p) = .
0 otherwise

where Z)fs 1s the solution to 18 in the appendiz.

. The continuation rule for the high type XHA}? (p,p) depends on the asset price. Formally, for
each p there exists a threshold ]3;4,:? (p) such that

L ifp>pli (p)
A H
Xyit (p,p) = o
0 otherwise
where ﬁg,f (p) is the solution to 19 in the appendiz.

. Investment is given by:

JAS _ A
1= 10)+ [ [ (p—0p +1(9) x5 (p, p) dPE5 (pl0, p) dFp (p)

. The optimal contract determines an equilibrium distribution for the asset price @ﬁs (pl, p)

given by (17) in the appendiz.
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