American Economic Review 2012, 102(1): 29-59
http://dx.doi.org/10.1257/aer.102.1.29

Overcoming Adverse Selection: How Public
Intervention Can Restore Market Functioning’

By JEAN TIROLE®

The paper provides a first analysis of market jump starting and its
two-way interaction between mechanism design and participation
constraints. The government optimally overpays for the legacy assets
and cleans up the market of its weakest assets, through a mixture of
buybacks and equity injections, and leaves the firms with the stron-
gest legacy assets to the market. The government reduces adverse
selection enough to let the market rebound, but not too much, so as
to limit the cost of intervention. The existence of a market imposes no
welfare cost. (JEL D82, D83, GO1, G31, H81)

Motivation.—As illustrated by the recent crisis, market freezes are one of the
most damaging market failures. In reaction, governments often attempt to “liquify”
or “rejuvenate” the asset markets; such interventions take the form either of asset
buybacks (as was envisioned in the TARP I and II programs) or of a host of policies,
such as central banks’ acceptance of toxic assets as collateral, loan guarantees, or
equity injections, that leave the assets on the balance sheet of the financial institu-
tion. Participation in these schemes is by and large voluntary.|

This paper offers a first formal analysis of market rejuvenation. It traces market
freezes to adverse selection and investigates the consequences of this assumption for
policymaking.” It builds on the idea that institutions participate in the government
scheme only if what they receive in it exceeds what they obtain in the marketplace,
and that the market outcome depends on who participates in the scheme. Put differ-
ently, reservation utilities in the mechanism designed by the government depend on
the mechanism itself.
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! This is presumably because of possible allegations of expropriation and lawsuits. Even the one intervention
with a taste of compulsion, the October 13, 2008 insistence by Secretary Paulson that nine top banks sell shares to
the government, was not fully compulsory if only because under US law the government cannot force public capital
into a private institution. Instead, Paulson relied on the (credible?) threat that a bank would be ineligible for sup-
port in case of a crisis if it refused to be injected with capital. The banks furthermore had a fair amount of leeway
in reimbursing the corresponding loans. The contemporaneous rescue plan in the UK was taken up mostly by the
bad apples, with stronger banks (like Barclays) refinancing themselves in the marketplace. Similarly, the Japanese
bailout experience in the 1990s was characterized by a substantial holdout problem (Hoshi and Kashyap 2010).

2 Adverse selection is only one of several hypotheses for why markets froze in 2008. See Section V.
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The paper features firms (or sellers) that do not have enough cash to finance a new
project, but hold legacy assets whose value is unknown to a competitive financial
market. Agency costs in the new project imply that the seller is credit-constrained;
accordingly, she must sell a share or the totality of her legacy asset. Potential buyers,
however, are concerned about the quality of this legacy asset.

Small adverse news in the market for legacy assets may generate a discontinu-
ity in the volume of trade and prevent firms from accessing the funds they need
to finance their project. The government may then intervene by buying or taking
a stake in the assets. The government, which maximizes a mixture of firm and
taxpayer welfares and is therefore hesitant to leave large rents to firms, moves first
and proposes a mechanism. After firms have chosen to participate or stay out, the
financial market offers financing to firms that have turned down the government’s
offer. Thus, and in contrast with standard mechanism design, we allow nonpartici-
pating sellers to benefit from the potential market rebound induced by the govern-
ment’s intervention.

A Stripped-Down Version—Let I and S denote the new project’s investment
cost and net return. Suppose a complete lack of pledgeability: the entire return in
case of investment accrues to the firm. The legacy asset returns 1 with probability
6. Furthermore, the firm knows 6 but outsiders only know that it is Ul~, 1] with
v > 0. At a price p < [, there will be no gains from trade and therefore no trade.
At p > I, sellers with 6 < p + S = 6" will sell. Assuming buyers compete to zero
profit, this means that the price is equal to the truncated mean p = E[0|0 < p + §]
=m(p+S) =%+p+S),orthatp =~ + S.

So we have two possibilities: (1) if v + S < I, there is no trade; (2) if v + S > I,
then all firms with assets 6 < v 4 2§ trade at a price p = v + S. If we assume that
S < I'and v = 0, we have complete market failure. An increase in -y, however, can
“restart” the market. For example, if types 6 < I — S are removed from the market,
we reintroduce trade and allow types between [ — S and I + S to trade.

The private market interacts with a government intervention to buy assets.
Suppose the government posts a price p > I. If there were no private market, all
types with 8 < p + S would sell to the government. If there is a post-intervention
market, however, then once types with § < p + S have sold, additional types trade
on the private market at a strictly higher price—and anticipating this, low types
would hold out from the intervention. Instead, the equilibrium has the feature that
the government and private market prices are equated at p, that types betweenp — S
and p + § = 6" sell in the private market, and types 6 < p — S sell to the govern-
ment. The government loses money, the private buyers break even.

Finally, suppose that the government faces a shadow cost of public funds A, and
therefore trades off total surplus from inducing trade and taxpayer losses. If the
market does not freeze and is characterized by cutoff §*, the government does not
intervene if the increase in the cost of inframarginal rents exceeds the marginal
efficiency gain: AF(67) > (1 + A\)f(0")S (where F and f, the c.d.f. and density, are
here uniform), or A > 1. However, if the market freezes (- falls below I — S), the

3T assume that 0 < 1, or equivalently that v 4+ 2§ < 1 to knock out a boundary case.
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government optimally allows the market to rebound to its minimum volume of activ-
ity provided that (1 + \)S > A(I + S — ~)/2, which, for any given ), is satisfied
provided that I — -y is not too much above S.

General Model.—The actual model is richer in a couple of ways. First, the dis-
tribution of types need not be uniform. Second, some of the proceeds of the new
project are pledgeable, so the government and private investors are not limited
to posting a price—they can offer to take a stake in the new project; relatedly,
pledgeability allows asset buybacks to restart the credit market for new projects.
Third, the government and buyers can take a partial stake in the legacy asset. We
therefore need to think in terms of incentive-compatible contracts and the utilities
they generate. Starting from an initial population of types O, let U,(6) and C,(0)
denote type 6’s rent and contract allocation in the government’s mechanism, and
U,(0,0,,) and C,(6;0,,) her rent and contract allocation in the marketplace for
subset ©,, C O of holdouts. In an endogenous participation constraint equilibrium
for given rent profile U,(-), the sets of types who join the government intervention,
©,, and of those who opt for the market, ©,,, are disjoint and satisfy ©, U ©,, = ©.
Furthermore,

U,

8

0 > U,6,0,) = 0 c 06,
and
U,(0:0,) > U,(0) = 0 € 6,.

The government’s task is then to find an incentive compatible mechanism C,(-) and
resulting rent function U,(-) so as to maximize welfare subject to the constraint that
the collated overall rent U(6) and allocation C(6) be the outcome of an (if possible
unique) endogenous participation constraint equilibrium for rent profile U(-).

Main Insights.—The optimal intervention is characterized by:

(i) Pecking order. The government optimally buys back the weakest assets (thus
cleaning up the balance sheet of their owner), and then finances firms with
assets of intermediate quality while leaving these assets on the firms’ balance
sheet. The government leaves the strongest legacy assets to the market.

(ii) Noncomprehensive intervention and market rebound. Authorities cannot sub-
stitute fully for the market, even though they have no comparative disadvan-
tage in acquiring assets or shares thereof. Unless the government sets such a
high price that it buys all legacy assets (which is always too costly and sub-
optimal), the market rebounds. The government must therefore account for
the fact that by cleaning up the market of its weakest assets, it creates its own
competition: Anticipating the ensuing market rebound, firms hold out unless
the government is generous enough. The government optimally reduces
adverse selection enough to let the market rebound, but not too much, so as
to limit the cost of intervention.
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(iii) Costly intervention. While it is correct that firms in need of cash are willing to
sell assets at prices below their fundamental value, the market already reflects
this willingness to engage in fire sales. Rejuvenating a market is necessar-
ily expensive. Actually, we show that the government loses money on each
financed type."

(iv) No desire to shut down the market. Another key result is that the voluntary
participation constraint can be made costless through a proper choice of
policy. That is, as long as the law forces the government not to expropriate
property (firms receive at least as much as they would obtain by keeping their
legacy assets), there is no gain for the government from having the power to
shut down the market; the presence of a market, though, deeply impacts the
pattern of government intervention.

(v) When is intervention desirable? That adverse selection creates a market fail-
ure need not vindicate a public intervention. Even in the absence of ex-ante
moral hazard, the budgetary cost makes the government reluctant to try to
correct the market failure. The accrual of (even small) bad news about asset
quality, however, may freeze the market and lead the government to switch
from laissez-faire to intervention.

(vi) Intervention creates moral hazard. The prospect of a government interven-
tion always reduces the incentives to create high-quality assets.

The paper is organized as follows. Section I sets up the model. Section II analyzes
the case of “buybacks only,” in which the seller keeps no skin in the game, which cor-
responds to situations in which only the owner can access the revenue on the legacy
asset.” Besides being of independent interest, this case illustrates key insights in a
straightforward manner and unveils an analogy with Coase’s durable good monopo-
list. The optimal policy for a government is either laissez-faire or intervention. As for
Coase’s durable good monopolist, the government creates its own competition. By
cleaning up the market from its more toxic pieces, it revives the market and makes it
attractive for the sellers not to join the government’s initiative. Yet, and unlike what
would be suggested by Coasian profit evasion, the existence of a later market imposes
no welfare cost. We also extend the model to allow for an ex-ante choice of asset qual-
ity; unsurprisingly, the prospect of government intervention creates moral hazard.

All insights carry over to general mechanisms, in which the seller can retain some
stake in the legacy asset. Section III, which is of independent interest relative to the

4 A premise of the US Treasury plans for asset repurchases was that they would not be very costly to US tax-
payers; authorities, as well as a number of observers, argued that as financial institutions were desperate to raise
cash, assets were “undervalued.” Governments, the argument went, would intervene where current market values
most differed from the fundamentals, and so governments’ involvement in asset repurchases could even turn a
profit. Conversely, other observers (e.g., Bebchuk, Buiter, Krugman, and Sachs) expressed concern about the plans’
potential cost to the taxpayer. This paper articulates their concerns and argues that in an adverse selection world, the
optimistic view ignores the fact that if the Treasury’s plan has been successful and had purged the market from its
most toxic assets, the resulting market rejuvenation would have had the effect of boosting asset prices, and thereby
of making asset owners reluctant to depart from their assets.

5 This situation covers, for example, government guarantees to revive securitization markets.
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Rothschild-Stiglitz literature, studies laissez-faire. We show that the “constrained
efficient allocation,” namely the one that yields the highest social surplus subject to
seller incentive compatibility and buyer break-even constraint, is an equilibrium of
the market game. Furthermore, this is the only equilibrium that survives a “robust
choice” refinement. Section IV looks at optimal government intervention. Because
the possibility of requiring some “skin in the game” somewhat alleviates adverse
selection, the optimal intervention is more extensive than under buybacks only.
Furthermore, the government cleans up the market, first through outright purchases
of the weakest assets and then through some recapitalization, and leaves the firms
with the strongest legacy assets to the market. Finally, at the optimum the govern-
ment again loses money on all types who join the scheme. Section V discusses mod-
eling choice variants and Section VI concludes with a few interesting research topics
in this area. Omitted proofs can be found in the online Appendix.

Relationship to the Literature: The paper most obviously builds on the literature
on market breakdowns initiated by Akerlof (1970); see, e.g., Hendel and Lizzeri
(1999, 2002) for dynamic extensions, and Bolton, Santos, and Scheinkman (2011),
Heider, Hoerova, and Holthausen (2010), Kurlat (2010), and Malherbe (2011)
for recent applications to the financial crisis. Relatedly, the literature initiated by
Rothschild and Stiglitz (1976) (e.g., Hellwig 1987) has looked at the existence and
characterization of equilibria in screening models with divisibility and exclusivity.
Attar, Mariotti, and Salanié (2011) show that the Akerlof outcome obtains under
divisibility provided that relationships be nonexclusive. Maskin and Tirole (1992)
characterize equilibria of the signaling (informed principal) version of Rothschild-
Stiglitz models.? The entire literature, however, builds on the assumption of exog-
enous participation constraints. This assumption is inappropriate when the market
responds to the mechanism built by the designer.

The paper is also related to the literature on competitive price discrimination (e.g.,
Biais, Martimort, and Rochet 2000, Rochet and Stole 2002, Biais and Mariotti 2005,
and Armstrong and Vickers 2001, 2010) in that participation constraints are endog-
enous to the equilibrium. In that literature, though, contract offers are simultaneous
and so the reservation utilities are not affected by the mechanism chosen by the
designer, who therefore takes them as exogenous.

Landier and Ueda (2009), Philippon and Schnabl (2009), and Aghion, Bolton,
and Fries (1999) analyze the trade-offs involved in recapitalizing the banking sector
under adverse selection and moral hazard, respectively./ They consider compulsory
schemes, in that banks are not allowed to refinance themselves in the marketplace if
they don’t participate in the government’s mechanism. Again, the issue of mechanism-
dependent participation constraint does not arise. Neither does it arise in the work
on optimal securitization design (e.g., Aghion, Bolton, and Tirole 2004, Faure-
Grimaud and Gromb 2004).

The theme that regulation and markets feed back on each other has been devel-
oped by Faure-Grimaud in rather different contexts, in which, in contrast with this

6 This short list of references obviously does not do justice to this extremely rich literature.
7 Minelli and Modica (2009) looks at optimal subsidies to lending by a monopolistic bank facing adverse selec-
tion in the loan market.
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paper, regulation is compulsory: in Faure-Grimaud (2002), the regulator uses stock
information provided by the financial market in order to improve the regulatory
scheme, which in turn affects stock price determination; Faure-Grimaud (1997)
examines the regulation of predatory firms.

With the literature on auctions with externalities (starting with Katz and Shapiro
1986, and Jéhiel and Moldovanu 1996), the paper shares the property that reserva-
tion utilities are mechanism dependent; that literature mostly does not emphasize
informational externalities. The literature on auctions with resale (e.g., Zheng 2002,
Haile 2003), by contrast, builds on the idea that a market will emerge between win-
ners and losers of the auction. There is, of course, no ex post transfer of contracts
with the principal in our model. In Calzolari and Pavan (2006), a consumer with
unknown type faces a sequence of two suppliers with possibly related (e.g., comple-
mentary) products. The first supplier chooses not only a non-linear tariff, but also
how much information to disclose to the second supplier; this information allows
the second supplier to better price discriminate, but may hurt the buyer, making the
first offering less attractive. The first supplier commits to a disclosure policy and
charges the second supplier for the information. Calzolari and Pavan obtain condi-
tions under which full or partial privacy are optimal. In the model of certification
of Lizzeri (1999), the model of fashion of Pesendorfer (1995), and the model of
prosocial behavior of Bénabou and Tirole (2006), a simple incentive scheme (a
price) determines not only the incentive to participate, but also the agent’s payoff in
the absence of participation through sorting and subsequent reputation.” As in this
paper, acceptance decisions generate informational externalities.

The most closely related research is an independent contribution by Philippon
and Skreta (2012), who also look at how a subsequent market may constrain the
design of bailouts. In contrast with this paper, they assume that only total return
(legacy + project) is observable. This rules out buybacks or any scheme contin-
gent on the legacy asset’s payoff, and results in a different characterization of the
optimal intervention. Allowing for a continuum of payoff realizations and assuming
that payments to investors (market, government) are monotonic in total return, they
show that it is strictly optimal to intervene with debt contracts; in particular, debt
guarantees dominate equity injections, while my binary outcome model does not
distinguish among interventions leaving the asset on the balance sheet.

Finally, and also closely related, the large literature on the durable good monopo-
list, initiated by Coase (1972), shares the insight that the principal may create his
own competition. We will explain why, in contrast with Coasian profit evasion, wel-
fare is not reduced by the prospect of a later market.

I. Model
A. Preferences and Technology
All parties are risk-neutral. A “firm” or “seller” is cashless and protected by limited

liability, owns a legacy asset, and has a new project to finance (or an old project in

8 Reputations derived from accepting the scheme and turning it down are both relevant.
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need of refinancing). Because she has no cash, she must rely on the sale of her legacy
asset or on the issuance of securities backed by this asset in order to finance the proj-
ect. Yet, as in Myers and Majluf (1984),” this process is marred with adverse selection.

Legacy Asset.—A legacy asset pays off R, in case of success and O in case of
failure. The probability of success, 6, is known only to the seller, and is distributed
according to some continuous cumulative distribution function F(6) on [0, 1], with
density f(6). The distribution function F(6) is assumed to be log-concave (its hazard
rate f(0)/F(0) is decreasing).

The “legacy asset” can alternatively be interpreted as a nominal claim R, on a coun-
terparty. The parameter 6 then reflects both the probability that the counterparty will
be able to pay back and the fraction of the claim that can be recouped in bankruptcy.

New Project—The new project is the same for all seller types. It involves an
investment cost / and yields no income if the seller misbehaves, in which case she
obtains a high private benefit B, but the new project then has negative social value:
B < I 1t yields sure verifiable income R, and (nonpledgeable) private benefit b,
0 < b < B, if the entrepreneur behaves. The existence of credit rationing will hinge
only on the property that B > 0. Assuming further that » > 0 will give scope for
optimal interventions that do not necessarily imply universal financing; assuming
B > b will imply that some buybacks (in which the seller keeps no skin in the game)
are optimal even when the optimal mechanism is used. These properties do not com-
plicate the analysis. Let

S=R +b -1
denote the corresponding surplus.
ASSUMPTION 1: (positive NPV): S > 0.

The next assumption ensures that the seller cannot finance the project on a stand-
alone basis and therefore must sell a stake in, or the full legacy asset, in order to
undertake the new project. In order to prevent the seller from misbehaving, the
latter must have a financial stake B — b in the project’s success.' The “pledgeable
income” is therefore R, — (B — b).

ASSUMPTION 2 (Scope for Credit Rationing): In the absence of legacy asset, the
seller would be unable to secure financing:

Rh—B—-b)<I&S—-B<O.

® Unlike in Myers-Majluf and Philippon-Skreta’s “fungibility case,” though, separate claims can be written on
the legacy asset and on the new project. Section V briefly discusses the fungibility case.

19'As is standard, in order to avoid “openness problems” (and the concomitant need for approximate implemen-
tation), we will assume throughout the paper that, when indifferent, the seller behaves in the buyer’s best interest.
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The third assumption ensures that, under symmetric information, high-6 types
would be able to obtain financing:

ASSUMPTION 3 (Collateralization May Enable Financing): Collateral is valuable
for the best types (0 close to 1) under symmetric information: Ry + [S — B] > 0.

Government.—The government faces a shadow cost A of public funds at the time
of the bailout and maximizes expected gross social surplus

W=E[U®] +7— (1 + ND,

where D is the deficit, U(0) the seller’s gross utility, and 7 the buyers’ expected
profit. Letting x(6) = 1 if the project is implemented and = 0 otherwise, and pro-
vided that the market breaks even (7 = 0), which it will do in equilibrium, social
welfare satisfies'"

W = (1 + NE[OR, + x(0)S] — AE[U(0)].

B. Timing

The timing is summarized in Let us start with the case of laissez-faire,
which amounts to omitting stages 2 and 3 (in bold in Figure 1). At stage 1, the seller
privately learns 6, the probability of success of her legacy asset. At stage 4, competi-
tive buyers make contract offers (buyer i offers a menu of contracts, C,(¢) for each
0 : see below). Then at stage 5, the seller chooses one or none of the offers. Payoffs
are realized at stage 6.

Under government intervention, the government designs a contract {C,(-)} at
stage 2, i.e., before the market clears. At stage 3, the seller either accepts the offer or
receives offers from the market at stage 4.

C. Reservation Utilities

In the absence of a contract with a buyer or the government, a seller obtains her
“autarky outcome.” Let Uy(6) denote the autarky utility. We focus on the case of
a fleeting opportunity /urgent need: The new investment opportunity requires an
immediate (before stage 6) action. Then'

(1) U (0) = ORq.

"' Note that E[U(0)] + © — D = E[0R, + x(0)S]. Eliminating D yields W= (1 + NE[OR, + x(0)S]
— ME[U(9)] + . Finally, buyers break even (7 = 0) in equilibrium. Note also that under symmetric information
about 6 and in the absence of financing (R, < B — S), the government would want to enable financing by bringing
subsidy B — § — 0R, if and only if (1 + A\)S > A(B — 0R,).

12 The analysis fully extends to the case of a less urgent need and so insurance as to the ability to be financed is
destroyed (Hirshleifer’s 1971 effect) in which the investment opportunity is still available at stage 6, but will have
to be financed under common knowledge about the realization of the legacy asset. Because refinancing at stage 6
occurs only when the legacy asset pays off and the seller receives the entire surplus under a competitive capital mar-
ket, Uy(6) = O(R, + S). More generally, the need may be more or less urgent (for example due to discounting or to
the possibility that a rival might step in and preempt before stage 6) and so Uy(0) = 0[R, + 6S], where 0 < § < 1.
Fleeting opportunities simplify the formulas and exposition, and so we focus on them for expositional purposes.
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investment. If the seller has turned down the

government’s offer

FIGURE 1. TIMING

D. Contracts

A contract or mechanism (proposed by a buyer/financier i = 1,2, - --,00 or by
the government, i = g) maps a type announcement into an investment decision and
contingent transfers. Without loss of generality, the seller receives nothing when the
new project is financed and delivers no revenue.'? A contract,

{zi(é), yi(é), xi(é)}’

thus consists of
* atype-contingent fixed (independent of legacy project outcome) reward for the
seller: z;(6) > 0
* atype-contingent reward that is. conditioned on the success of the legacy project
(skin in the game): y,(9) > 0 ' i
* atype-contingent investment decision for the new project: x,(#) € {0, 1}.
Note also that we focus on deterministic contracts (xl(é) = O or 1). Besides being
realistic, I conjecture that this assumption actually involves no loss of generality.
As usual, one can restrict attention to truthful mechanisms (6 = 6). We let Uj(6)
and 7,(f) denote the seller’s utility and the buyer’s profit under i’s mechanism when
the seller has type 6.

13 Let Z; and 3, denote the fixed and variable rewards when for some type ¢,x,(f) = 1 and the new project fails.
These variables are irrelevant if the seller is induced to behave; so assume that she misbehaves. The seller could
alternatively set these rewards to 0 and let z; = Z; + B — b and y; = ;. This alternative contract induces effort in
the new project and delivers the same utility to the seller (for this particular type as well as any other type) and a
higher profit to buyer i.

! In principle, y,(f) could conceivably be negative without violating limited liability if z;(0) > 0. But there is
obviously no loss of generality involved in assuming that the contingent reward is nonnegative.
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E. Incentive Compatibility

DEFINITION 1: A mechanism {z(-),y(-),x(+)} is trivial if x(6) = 0 for all 0; it is non-
trivial otherwise.

Note that all types receive utility at least B if the mechanism is nontrivial: Any
type can then pretend to be a type that receives financing, shirk, and receive B.

DEFINITION 2: A nontrivial mechanism {z(-),y(-),x(:)} satisfies incentive compat-
ibility (IC) if

() U®) = U(b,0) > U(6,6) for all (6,0)

where U(6,0) = mgx{bx(é) + z(0) + 6y(6)} and U(6,6) > B;
{0y

Gi) U0 = Uy(0) forall 0. (IR)

Note that (IC) requires that y(-) be nondecreasing; and that the gross rent function
U(-) be a continuous, increasing, and convex function. For conciseness we include
individual rationality into the definition of incentive compatibility.

E. Definition of Equilibrium

Suppose that in equilibrium types ¢ € ©, accept the government’s offers at
stage 3. The complementary subset of types ©,, (such that © = [0,1] = ©, U ©,)
remain in the marketplace at stage 4. Let F,,(-) denote the cumulative distribution
conditional on 6 € ©,,.'3 We will let U,(6) denote type € (in [0,1])’s utility in the
marketplace. We let E[-] denote expectations relative to the prior distribution F, and
Eg [-] those relative to subset ©,,.

Our equilibrium notion is the standard concept of perfect Bayesian equilibrium:

DEFINITION 3 (Market Equilibrium for a Subset of Types ©,,): A market equilibrium
for distribution F,(0) on ©,, is a set of IC offers by buyers {z,(0),y,(0),x:(0) }i=1.....~
and an ensuing deterministic allocation of seller types {©}i_o.1.... ~ such that:

(i) sellers optimally allocate among buyers or select autarky:

voe®o, : U,0) = max{ sup U,»(G),UO(H)}.

ie{l, -, 00}

O, denotes buyer i’s resulting clientele, i.e., the set of all types attracted by buyer i’s
offer (support of ©; C {0|i € arg maxy;_g ;... oy {U(0)}}) and ©, the set of sellers

J
who do not contract with a buyer: ©,, = { u ) 0O;;
0,00

!5 There is a one-to-one mapping between O,, and F,(+).
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(ii) each buyer makes a nonnegative expected profit:

Ej, [m:(0)] = Eo, [(Rl — x;(0) + 0[Ry — »(0)] - Zi(e)] = 0;
(iii) were a buyer to deviate from his offer, there would exist an allocation of seller
types that is individually rational for the seller (in the sense of (i)) and such that the
buyer does not benefit from the deviation.

Note that the budget balance condition at the individual buyer level implies that
the industry as a whole makes a nonnegative profit:

(BB) Eo [7(0)] = 0,
where 7(6) is the profit made by the industry on type 6.

DEFINITION 4 (Equilibrium): Consider an incentive-compatible intervention with
resulting utility schedule {U,(-)}. An equilibrium is an allocation of types

0, U0, =1[01 ad ©,N06, =40

and associated market equilibrium with resulting utility schedule {U,(-)} corre-
sponding to the equilibrium allocation for posterior beliefs defined by ©,,, such that

U,(0) > U,(0) = 0 €06,
U,(0) > U,0) = 0 €6,

8

An “outcome” or “allocation” will from now on refer to the real allocation
{x(),U(-)} and not to the financial transfers giving rise to this allocation.

LEMMA 1: If the equilibrium outcome is trivial, then U(0) = U,(0) for all 6.

A trivial mechanism creates no gain from trade. The proof of Lemma 1 is omitted,
as it closely follows that of the no-trade theorem (e.g., Milgrom and Stokey 1982).

II. Buybacks Only

Let us first assume that the government and the market can only offer to buy the
asset. Buybacks correspond to an extreme case in which none of the cash flow R,
attached to the legacy asset can be appropriated by nonowners.'9 Thus, the seller

16 Technically, a buyback offer satisfies y,(f) = 0 for all 0. By incentive compatibility z,(f) = z; > B — b if
x(0) = 1 and z,(0) = ¢, if x,(0) = 0. Furthermore, it can be shown that optimal buyer behavior implies that the
seller receives 7; = 0 in the absence of investment. Note that the offer Z; associated with investment is equivalent to
a purchase of the asset at price p; = Z; + b — § > B — §, and letting the seller be financed on the market (which is
doable since p; + S — B > 0); in either case the seller receives utility Z; + b = p; + S. (Under the former policy,
the seller receives on top of Z; private benefit b.) We will without loss of generality assume that the buyers offer to
purchase the asset and that the resulting monetary transfer serves as equity for new financing.
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keeps either no skin in the game (contract with the government or with buyers) or a
full share in the legacy asset (autarky). This case, besides its simplicity and its appli-
cations to various buyback and credit guarantee schemes, enables a clean analysis of
the similarities and the differences with Coase’s (1972) model of the durable good
monopolist.

The timing goes as follows: First, the government offers to purchase the legacy
asset at price pg. Sellers then choose whether to accept the government’s offer.
Second, the market (which exists only for those seller types who have turned down
the government’s offer) clears at some price p,,.

A. Laissez-Faire

In the absence of government intervention, the market breaks down (p,, = 0) if
there exists no price p satisfying the following two conditions:

(i) “equity” p enables financing:
p+I[S— B =0

(ii) buyers break even:

p < E[0R)|6Ry < p + ]

Il
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In order for a market to deliver something other than autarky, there must be gains
from trade. Condition (i) says that a seller who collects p from the sale of her legacy
asset and therefore has “equity” or “net worth” p to invest in the new project over-
comes the shortage of pledgeable income hampering the financing of the new proj-
ect. Thus, suppose that p + [S — B] > 0 and so trading the legacy asset generates
gains from trade S. (The net surplus attached to the new project goes to the seller
as the financial market is competitive.) The seller then parts with her asset if her
resulting welfare, p + S, exceeds the autarky utility OR,. Condition (ii), in which
m~ denotes the truncated mean, is the buyer’s breakeven condition in the market for
the legacy asset.

Conversely, if there are prices satisfying (i) and (ii), then the equilibrium price is
the highest such price, namely the one that satisfies (ii) with equality. This price is
unique since the derivative of the RHS in (ii) is (m~)’ < 1 from log-concavity. To
sum up, letting p satisfy p = m~((p + S)/Ro)R,, the equilibrium price under laissez-
faire is p = 0if p < B — Sandp¥ = pifp > B — S.

Market Freeze—Index the distribution F by a “good-news parameter”
v : F(0|v). A higher v means a better distribution in the sense of first-order
stochastic dominance. Let ~y, be such that the market price is equal to B — S,
the threshold at which the project is financed: m~(B/Ry,7y)Ry = B — S. Thus,
for v > ~,, the volume of trade is F((p + S)/Ry|~). This volume of trade as well
as the market price fall to O for v < ~,. The market completely freezes as -y falls
just below .
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B. Government Intervention

Let the government now offer to buy the asset at some price p,.'”’ We focus on
“relevant interventions’:

DEFINITION 5: A government intervention is relevant if it exceeds the market price
under laissez-faire (p, > pY), and it enables some financing'® (p; > B — S).

Nonrelevant interventions yield the same outcome and welfare as laissez-faire.
Consider, therefore, a relevant intervention. The equilibrium market price p,, cannot
strictly exceed p,: Otherwise no seller would accept the government’s offer, and so
P, = P < p,, a contradiction.

Suppose, conversely, that in equilibrium p, < p,. Then types ©, = {0 < 6,}
accept the government’s offer, with §,R, = p; + S. Types ©,, = (6,,1] remain in the
market place, although they don’t trade. Type 6,, however, is profitable at price p,:
0, Ry — p; = § > 0, and so are all types above 6,. Furthermore, offers a bit above p,
are accepted. So the market does not shut down, a contradiction. Thus, the equilib-
rium necessarily involves price equalization: p,, = p.

From now on, we will assume, without loss of generality, thatp, < R, — S. Indeed,
suppose that p, > R, — S. Then all sellers participate in the scheme as p; + S > R,,.
Furthermore, the intervention is unnecessarily costly as lowering p, a bit would still
keep every type on board.'” Note in passing that this also implies that financing all
types is never optimal for the government, as a price slightly below R, — S keeps
every type financed (once the market rebound is accounted for). Similarly, we will
assume that p¥ < R, — S, otherwise there would be no reason for the government
to intervene.

Let us now describe an equilibrium; we will treat uniqueness later. In this equilib-
rium, types [0, 6,] accept the government’s offer, while types [6,,0] are financed by
the market where 'R, = p; + S, and 6, is given by

+ S
Pg = m<9g, pgT) RO = H(gg,pg),

letting m(6~,0") denote the mean of the distribution when it is left-truncated at
0~ and right-truncated at 67, for any 6~ < 6.2 Note that 9H/p, = Om/96" < 1,
since Om/00" < 1 from the log-concavity of F.?'

17 This asset repurchase intervention admits several equivalent interpretations. Instead of acquiring the assets,
the authorities could, as was recommended to revive securitization, introduce credit guarantees or insurance
to cover underlying assets. Insured assets then sell at R, in the market, and so the issuer receives an equivalent
pe = Ry — ¢ if ¢ is the fee charged by the government for the guarantee. Another implementation (if arbitrage
can be prevented) is a transaction subsidy 7. Then the market yields price p such that 7 + p + [S — B] = 0 and p
= E[6Ry|0R, < T+ p + S]. Yet another scheme (“TARP style”) consists in announcing a certain amount to be
spent by the government.

'8 The idea that intervention requires a minimum scale resonates with the recent experience in securitization
markets. Despite extensive intervention by central banks and governments to buy securitized assets directly or lend
against them, most market segments have not witnessed a revival of private sector investment in such assets.

' More formally, and using the market’s zero-profit condition, welfare is W = (1 + \)[E[]R, + S] —
A(ps + S), and so a small reduction in p, increases welfare.

2 Thatis, m(6~,0") = [ [,/ 0dF(0)]/[F(6") — F(67)].

21 See, e.g., An (1988). We here make use of the fact that the left-truncated distribution F(6) = [F(6) —
F(6,)]/[1 — F(6,)] inherits the log-concavity of F.
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PROPOSITION 1 (Description of Equilibrium): Consider (withou( loss of general-
ity) a relevant government intervention (p, > B — S, and p, > p). Then

(i) there exists a unique equilibrium market price. The market price p,, equates
the government’s price: p,, = py;

(ii) types in [0,0"] part with their asset and finance the new project, with
0" = (pg + S)/Ry. Types in (6", 1] keep their asset and are not financed,

(iii) the following describes an equilibrium behavior: types in [0,6,) join the gov-
ernment’s scheme, and types in [0,,0°] sell their legacy asset in the free mar-
ket, where 0, is uniquely defined by: p; = p,, = m(6,,0")Ry;

(iv) furthermore, the equilibrium described in (iii) is the unique equilibrium
behavior in the limit of vanishingly small probability that either an exog-
enous event forces the market to shut down after decisions to join the govern-
ment’s scheme have been made, or that the seller’s type is revealed to the
market before the latter opens (i.e., between stages 3 and 4);

(v) it is never optimal for the government to finance all types that receive
financing.

To prove (iv), suppose that there is an arbitrarily small probability ¢ that an exog-
enous event forces the market to shut down just after government offers are accepted
or refused or that the true type is revealed to the market before the latter opens. Then
sorting prevails: higher 6 types have a (small) relative preference for the market.
And so a cutoff indeed exists.*

The equilibrium allocation is summarized in

Let us next turn to the government’s optimal policy. Recall that the government’s
objective is W = E[U(0)] — (1 + A)D, where ) is the shadow cost of public funds
and D the deficit.

Proposition 1 implies that if the government wants to induce a cutoff #” below which
the seller is refinanced, it cannot aim at a comprehensive intervention: Were 6, = 6",
then types above #* would actually be refinanced by the market. Put differently, an
intervention that is successful in facilitating refinancing must be expensive: It must
yield government-rescued sellers (6 € [0,6,)) utility Uy(#") and not just Uy(6,).

The following proposition first compares the outcome with the one that prevails
when the government can shut down market transactions, but must respect private
property (“no expropriation”: the seller can refuse to participate and must therefore
enjoy utility at least Uy(#)). The proposition then characterizes the optimal interven-
tion. Finally, it observes that the intervention loses money on all financed types.

22 Assume for example that with vanishingly small probability , bad news accrues as to the probability of suc-
cess decreases: The distribution shifts from F(-|v,) to F(-|v,) with v, < ,. The shock is sufficiently strong that the
market breaks down. And so type 6 prefers the market to the government if and only if

pe + 8 < (I = &)pu + S) + eEp(y,)[Uh (0)]0].
The proof is straightforward.
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FIGURE 2. EQUILIBRIUM OUTCOME UNDER BUYBACKS

PROPOSITION 2 (Optimal Intervention):

(i) The presence of afree market does not reduce social welfare relative to when the
government has the power to shut down the market, but not to expropriate the
seller, provided that the government anticipates that it creates its own competi-
tion by rejuvenating the market. The intervention should not be comprehensive.

(ii) Suppose first that there is no market breakdown (p¥ > B — S). Then, there
exist A\; and M, (0 < A\; < A\, < +00) such that the optimal policy involves:
For X\ < \,, all types are financed: 0° = 1. For \; < X\ < \,, the optimal
financing scope is given by an efficiency/rent-extraction trade-off:

(2) FO)(1 + NS = F(0") AR,.
For A > \,, the government does not intervene.

(iii) In case of market breakdown (p = 0), the government intervenes if and
only if A\ < \; for some \5. A small intervention can then have large effects.

(iv) When intervening, the government overpays with probability 1.

PROOF:

The government chooses a cutoff #°, or equivalently a price p (= p; = p,)
satisfying p + S = Uy(6"), assuming that "R, > B, so this leads to some financ-
ing. Using the buyers’ zero-profit condition (and so [p — m (6,)Ro|F(0,)
= [p — m (0")Ry|F(0")), social welfare under a nontrivial government intervention
is the same as when the market is prohibited:

W= (p+ FO) + L U(0)dF (6) — (1 + N[p — m™(6")R| F(0).

Replacing p by [0*R, — ], it is easy to check that 9*W/ONIO* < 0, and so the
optimal 6" must be a nonincreasing function of \.?¥ Using the expression for the
derivative of the truncated mean

[ 6ar(6)
FO)

dm(6") d

o~ 4o

_fO) . o
= m[@ — m (6],

23 The private sector’s profit under laissez-faire, written as a function of 0" is 7(6") = F(0")[m (0")R,
— (0'Ry — S)], with 7(6) = f(6")S — F(0")R,. With a log-concave distribution, (") first increases (starting from

0) and then decreases. In particular, at the market equilibrium, it is always the case that f(0")S < F(0")R,,.
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and substituting for p, one obtains, in the case of an interior cutoff,

% = —F(0)AR, + f(0)(1 + N)S.
Because the distribution F is log-concave, there is at most one solution to equa-
tion (2). If OW/06" > 0 for all §° < 1, then 6" = 1. Finally, when the free market
freezes, a corner solution may also occur if the value 6* given by the first-order solu-
tion does not enable financing:

p+S—B="U)—B<O.

The optimal intervention is then either not to-intervene (" = 0) or to intervene at a
scale consistent with financing (6* > B/R;).*

Condition (2) also shows that interventions are more extensive (6" increases) if
public interventions are not too costly (the shadow cost of public funds decreases, or
equivalently seller’s welfare receives a higher weight in the social welfare function).

Small Bad News.—As earlier, let us index the distribution F by a parameter 7,
and let -y, denote the level of v such that the market freezes when v < ~y,. Suppose
that initially v = ~, + ¢ (with ¢ small and positive). Then there is no intervention
or an intervention depending on the level of A (see above). Now suppose that small
bad news bring 7y to 7, — €. Then for any A, for € sufficiently small, it is optimal to
intervene. Furthermore, a low-cost intervention has a large impact on social welfare:
Jjump starting the market involves a vanishingly small deficit D as ¢ goes to 0, while
having an impact on utilities E[U(6)] converging to [ 09' (0" — O)RydF (6]7,) (with
0" = B/R,).

Note, finally, that p; = m(6,,0")R, > OR, for all § < ,. Hence, the government
overpays with probability 1.

REMARK: By contrast, assuming that?S F(0|~) = G(0 — =), then as long as the
[free market does not break down, the two sides of the no-intervention condition,
AR,G(0 — ) > (1 + \)Sg(0 — ), are invariant with ~y. And so in the no-
breakdown region, news do not affect the incentive to intervene.

24 There is no intervention for A > ), where X is such that the increase in rents for types in [0,0* = B/R,] is
equal to the deficit cost of repurchasing the asset at price p = B — S from these types:

0
J; B — Uy(0)]dF(0) = (1 + N)[B — S — m (0")R) F(6").

25 Rather than moving the distribution, we could move the surplus S. Assuming that agency costs do not increase
too fast with S (technically dB/dS < 1/[1 — (m~)']), which is reasonable, a reduction in S reduces the volume of
trade in the legacy asset and may cause a freeze. B

26 The distribution of @ then has support [y,6 + 4] for some 6. The free market outcome is given, after an inte-
gration by parts, by

05—
_ - S GHr -
fo GO = )db = -G — ),

and so 0 — ~is independent of + as long as ¥R, > B (no market breakdown).
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C. Ex Ante Moral Hazard

Finally, it can be shown (see supplementary material) that when the distribution
of @ is determined by an ex ante effort,?” this effort is reduced by the prospect of
government intervention.

Furthermore, if the government could commit to a price p, before the effort is
chosen, then p; would be smaller (the intervention would be less extensive) than in
the absence of commitment. This policy, however, is time inconsistent: Authorities
would want ex post to raise the price to the level implied by (2). Anticipating this,
the firms would behave as in the absence of commitment.

III. General Sharing Schemes in the Market

When the return R, on the legacy asset is contractible and can be shared, buy-
backs only in general is no longer optimal. We now generalize the previous analysis
to arbitrary sharing schemes. We first consider the free market outcome, but for
an arbitrary posterior distribution ©,, (with corresponding cumulative distribution
F,(+)). We thereby study the “continuation game” that will be used in Section IV to
analyze what happens in the market once a subset of types have been sorted out by
the government’s intervention. A special case of the analysis (F,, = F) will give us
the laissez-faire allocation.

Let
V(0y) = max{B,b + 0Oy}.

V(fy) corresponds to the expected utility obtained by a seller of type € who receives
no fixed payment, pledges income R, — y on her legacy asset in order to finance
her new project, and thus keeps skin in the game y. Indeed, once this new proj-
ect has been financed, the seller can shirk and get B, or work and obtain b + 6y.
The IC implementation of the V(-) rent function involves a menu of two options:
{Z = 0,y = y} yielding utility b + 6y to type 0, and {Z = B — b,y = 0} yielding
utility B for all types.
Consider the following condition for a given y:

(3) M(y) = f{ vy R0 S = VODIAE,©) > 0

The motivation for introducing this function stems from the following lemma,
which plays a central role in the subsequent analysis.

LEMMA 2: Consider an arbitrary incentive compatible mechanism with invest-
ment function x(-) and rent function U(-). Let y denote the highest skin in the

27 Effort e generates a distribution F(6|e) satisfying O(f/F)/0e > 0 and 9(f/F)/06 < 0.
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GAMEAMONG typeswhoinvest:y = sup  {y(0)},and0 = sup{f|x(#) = 1}.Lett"
= inf{0| U(0) = Uy(0)}.>® Then, 11xO=1}

(i) x(0) = 0and U(0) = Uy(0) for all @ > 6"; and

v

(ii) there exists Yy >y and § e 0,07] satisfying b + §y = Uy(6) such that the
buyer profit on this mechanism is at most |, 00 [S + ORy — V(H;)]dFm(G).
PROOF OF LEMMA 2:

(i) Consider a type 6 > 6". Then incentive compatibility implies that
bx(0) + z(0) + 0y(0) > Uy(0) and bx(0) + z(0) + 6"y(0) < Uy(6"), and so

(0 — 6)[¥(0) — R =0,

with strict inequality if type 6 gets strictly more than his reservation utility.”” But
type 6" must prefer her allocation to that of type #, and so

0 [Ry — 3(0)] = bx(6) + 2(0).
Thus,
y(#) = R, and x(0) = z(6) = 0.

(ii) Let é be defined by b + z(6) + 5)} = UO(ZQ}). From the convexity of U(-),
he 0,07 ~ )
Because there are no gains from trade for @ > 6 and a fortiori for 6 > 4, buyer
profit is bounded above by

fo [OR, + S — U(0)|dF,,(0)

v

< j(; [0R, + S — max{B,b + 2(0) + Oy}| dF,,(0).

Lety > y be defined by

v v ~

b+ 6y=b+ 2(0) + by.

Because b + 05} <b+ z(é) + Oy for 6 < 5, the profit is bounded above by

fob 0R, + S — v(63)]dF,(6) = f

{Os.LV(69)>Uy(0)}

0r, + 5 — v(69)]dF,0).

28 Schemes in which U(6) > Up(6) for all § are suboptimal and therefore not considered here.
2 Intuitively, at 0" the right-derivative of U(-) must (weakly) exceed R, in order to keep U(f) > 0R, satisfied to
the right of 6. The convexity of U(-) then implies that y(6) (weakly) exceeds R, above 0"
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ASSUMPTION 4: II(R, — b) < 0.

Were Assumption 4 violated, then the market would function perfectly, in that all
types would be financed. (This is a consequence of the following analysis.) So there
would be no benefit from government intervention.

LEMMA 3: Consider a nontrivial equilibrium. And let y=sup {y(6)}. Then
y < Ry — b. {01x(0)=1}
In particular, the skin in the game can never exceed its no-trade level R,

PROOF:

This is just a consequence of Assumption 4 and the fact that U(6) > max{V(fy),
Uy(0)}:Fory > Ry — b, b + 6y > 0R, (the reservation utility is not binding for any
type) for all # and so

1
() = fo [6Ry + S — V(by)]dF, (6).
Letting 0,(y) be defined by

one has {

'(y) = j; L, (FOdE () < 0.

So II(y) is decreasing whenever y > R, — b. This, together with Assumption 4,
implies that II(y) < O forally > R, — b.

PROPOSITION 3 (Market Breakdown): If there exists no y satisfying (3), the unique
equilibrium involves market breakdown: U, (6) = Uy(6) for all 6.

PROOF:
Proposition 3 is a direct corollary of Lemma 2 (ii).
Let us now investigate the outcome when the set of y satisfying (3) is nonempty.

The (Constrained) Efficient Allocation.—Ignoring equilibrium considerations for
the moment, let us look for the constrained efficient allocation, which is the one
maximizing total (net) surplus

Eg, [x(0)S]

among those satisfying (IC) and (BB).’" If I1(y) < O for all y, then the constrained
efficient allocation is the autarky /market breakdown one. So suppose that the set of
y such that II(y) > 0 is nonempty.

39 This is also the allocation that would be selected by the seller and competitive buyers behind the veil of igno-
rance (the seller does not yet know the realization of #) and under a seller ex post individual rationality constraint.
(The seller cannot commit to transfer the legacy asset.)
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PROPOSITION 4 (Constrained Efficient Allocation): Suppose that 11(y) > 0 for
some y. Let y,, denote the highest value such that I1(y) > 0. Among allocations that
satisfy (BB) and (IC), the constrained efficient one satisfies

U(0) = max{V(y,). U (0)},

Om
fo [S + 0R, — V(0y,)]dF,(8) = 0,
and
x(0) =1 ifandonlyif 8 < 0,, where V(0,,y,) = Uy(0,,).

PROOF:

Consider an arbitrary IC allocation and define {19, )bf} as in the proof of Lemma 2.
We know from the proof of Lemma 2 that

x(0) =0 for 6> 9, and U > max{V(Qiﬁ),Uo(H)} for all 6.

Thus buyer profit is bounded above by

0 P
(4) fo [0, + 5 — v(63)|dF,(6).

Total net surplus is bounded above by F, (0)5 an increasing function of 9 Thus,
an upper bound on total net surplus is obtained by choosing the highest 9for which
(4) is nonnegative, namely 6, as characterized in the statement of the proposition.

The second stage of the proof consists in showing that this upper bound can
indeed be reached. For this, it suffices to note that the mechanism {x(6) = 1,

z(f) = B — band y(0) = Oforfs.t.0y, + b < B;x(0) = 1,z(f) = Oand y(0) =
v, for 6 s.t.0y,, + b > B} is incentive-compatible ts all types below 6,
and none above.

The constrained efficient allocation is depicted in Figure 3.
LEMMA 4: In the constrained efficient allocation:

(l) Ym < RO’

(ii) the buyers’ type-contingent profit (0) is strictly increasing in 0 for 0 < 6,,.

PROOF:
(i) From Assumption 4,y,, < R, — b, and so0 y,, < R,.

(ii) One has

fom [S + 0R, — V(0y,)]dF,(0) = 0
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FIGURE 3. THE CONSTRAINED EFFICIENT ALLOCATION

and so, letting 6, be defined by b + 6,y,, = B, one has
m#) =S + 0R, — Bforf < 6, and
=S — b+ 0(Ry — y,) ford € [6,,0,,].

R, when V(0y,) = B
Thus, 7'(0) =
Ry — y,, > 0 when V(0y,) = b + 0y,.

We now show that the constrained efficient allocation is an equilibrium outcome.*!

PROPOSITION 5 (Existence): The constrained efficient allocation is an equilib-
rium outcome.

PROOF:
Let all buyers offer the constrained-efficient allocation and thereby attract a rep-
resentative sample of the population.>” A deviating buyer cannot make a profit by

31 Thus, and in contrast with Rothschild and Stiglitz (1976), an equilibrium exists. In Rothschild and Stiglitz,
like in this paper (in the region where investment is financed), screening operates through asking the seller to keep
some skin in the game. Here, however, screening through revenue sharing does not involve any inefficiency; relat-
edly, it is never profitable to entice a high type to pool with a low one and possibilities for screening for the high
types are limited due to the structure of the problem.

32 One could have in mind the limit of a symmetric model of type-independent buyer differentiation (as in
Rochet and Stole 2002) as the differentiation converges to 0.
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offering a trivial mechanism, which would create no gains from trade if the offer
were taken up. Suppose, therefore, that a buyer offers a nontrivial, incentive-com-
patible mechanism with utilities U™ (), while equilibrium utilities are the piecewise
linear U(-) as in the constrained efficient allocation. Because the mechanism is
nontrivial, U(f) > B for all §. Let 0 = inf{0| U™ (0) = Uy(0)}. If 6" > 6, the
convexity of U™ and the fact that the mechanism is nontrivial imply that:

Either (i) U™(6) > U"(#) for all § < 8™, and so for all § € (0,1]. Furthermore,
x7(0) = 0 for 6 > . Let all seller types select the deviating buyer’s offer. The
deviating buyer’s profit is bounded above by || 09 [OR, + S — U™(0)]dF,,(0), which
is nonpositive from the constrained efficiency of U™().

Or (ii) U™(0) > U*(6) for 6 € [0,0,], U™(0) < U*(0) on (0,,6,), and U™ (0) >
U*(0) for 0 € [0,,607] with 0, > 60,. The latter implies that x™(f) =0 for
0 € (0,,07], because otherwise (i) would obtain: Indeed, suppose that x™(6) = 1
for some 6 > 6,. Then because U™ is convex, dU""(6)/d0 = y(6) >y, and so

U™ (0) > U(#) on (0,,0,)

as well, a contradiction. The mechanism may also attract some types 6 > 6™, but
we know that such types do not bring in any profit as x™*(6) = 0 from Lemma 2.
So the mechanism cannot make money from the seller on [6,, 1] and does not attract
types in (6,,6,). If U™(-) = U"(-) on [0,6,], let the seller not accept the deviating
buyer’s offer when 6 € [0,6,]; the deviating buyer then makes a nonpositive profit.
If U™(0) > U*(0) on [05,60,] and U™(0) = U*(6) on [0,65] with 0 < 6; < 6, then
let all seller types in [0, 6,] select the deviating buyer. Because profit is increasing
in type in the zero-profit, however, constrained efficient allocation (Lemma 4) and
rents are higher on [0,0,] in the U™ () allocation, again the deviating buyer makes a
nonpositive profit.

Finally, when 6™ < 6, the proof in part (ii) of the case 8™ > @, still applies and
S0, again, the deviating buyer cannot make a positive profit.

A. Equilibrium Selection

In Section IV, we will take the constrained efficient outcome to be the continu-
ation equilibrium of the subform in which the seller has decided not to accept the
government’s offer and the market assigns posterior beliefs F,,(-) to the seller’s type.
Although this selection may involve a slightly optimistic view of how markets func-
tion, this equilibrium is the unique equilibrium outcome under the following “robust
choice” refinement:

Robust Choice.—Consider two IC utility schedules U(-) and U(-). Suppose
that U(6,) = U(6,), that U(0) > U(0) for all 0 € [0,6,] where 6, > 6, and that
U(0) > U(0) to the right of 6, (U(0) > U(0) on [0},0,] where §, > 0,). Then type
0, selects schedule U(-) over schedule U(-).

One motivation for this refinement goes as follows: Suppose that the seller faces van-
ishingly small uncertainty about her type such that /(0| 6,) /f(0'| 6,) — 0for6 > 0" >
0, Then choosing U(-) dominates choosing U(-) before the limit is reached. Robust
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choice is thus (much stronger than, but) in the spirit of the elimination of weakly dom-
inated strategies. From the proof of Proposition 5, the constrained efficient allocation
is an equilibrium outcome consistent with robust choice. The following result shows
that this is the unique such equilibrium allocation:

PROPOSITION 6: Under robust choice, the unique equilibrium outcome is the con-
strained efficient outcome.

IV. Market Rejuvenation
A. Description of Government Intervention

The government builds a voluntary-participation mechanism. A mechanism con-
sists in the choice of a subset ©, of types in [0, 1] who participate in the scheme,
and for each type 0 in ©,, a financing decision x,(¢) € {0, 1} for the new project,
and fixed payment z,(6) (independent of the outcome of the legacy asset) and
contingent payment y,(6) if the legacy project succeeds, both conditional on the
new project succeeding if x,(0) = 1. The seller receives 0 if the new project is
financed and fails.

Let x,,(0) € {0,1} describe the financing decision in the market for types in ©,,
and x(0) = x,(0) if 6 € ©,, and x(0) = x,,(0) if 0 € ©,, (Where ©,U 6,, = [0,1]
and ©,N 6, = f).

A seller with type 6 in [0, 1] derives utility U,(6) from participating in the govern-
ment’s scheme:

(5) U (0) = sup {z,(0) + Oy () + x,(0)b}.
{006,

The function U,(-) is increasing and convex. Incentive compatibility implies that

(6) U,

(0) > B forall ¢
if there exists at least one type ¢’ such that x,(6") = 1. An intervention that satisfies
(5),(6),and U,(#) > U,(#) for all #is said to be nontrivial and incentive-compatible.

B. Optimal Intervention: An Upper Bound on Social Welfare

Our strategy will consist in, first, looking for an upper bound on social welfare
and, second, showing that this upper bound can be implemented through a simple
government intervention. We look at the combined (government plus market) allo-
cation {x(-), U(-)}. As usual, let §° = inf{@| U(0) = U,(6)}. Obviously, 6" < 1 (if
U(0) > Uy(0) for all 0, reducing the rents U(-) by a uniform € would increase the
upper bound while preserving incentive compatibility). From Lemma 2, x(6) = 0
for @ > 0. In order to maximize welfare below 6": x(6) = 1 and U(#) = V(6y) for

0 < 6" where, as earlier,y = sup {y(0)}.
{01x(0)=1}
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An upper bound on welfare is therefore

W) = (1 + N[SF(0") + E[0] Ry

- A

’

0" 1
fo V(0¥ dF(6) + f Up(6) dF (6)

where y = y(6") must satisfy V(6"y) = Uy(0"). (We will later show that for the opti-
mal policy W = W(6").)
Letting 6, be defined by

(B — b
b + 90}1 = B, or 90(9*) = ﬁ

The rent is equal to B below 6,(y) and to Uy(0) + b(l - ai) between 6,(0°) and 0".
One has
0*

dw o bo
(7) W — (1 + @) - A fw) O

The first term in this derivative represents the efficiency gain from financ-
ing more types, while the second term stands for the increased rent for types in
[0,(6"), 0] from the necessary increase in the skin of the game. Because public funds
are costly (A > 0), thisincrease in rent represents a social cost. And so, at the optimum
0" > 6,(6).

The next proposition characterizes the upper bound on social welfare;
that is, in view of the following, implementability proposition, the optimal
intervention.

PROPOSITION 7 (Comparative Statics): The optimal intervention:

(i) involves full financing (6" = 1) if X < X} for some \| > 0, financing for
types 0 < 0" where 0" solves dW/d0" = 0 for \{ < X\ < A3, and no interven-
tion if A > A5

(ii) unless there is no financing, always involves a region with a cleanup of the
balance sheet/buybacks (U(0) = B) and a region in which the seller keeps
some skin in the game (0,(0%) < 6°);

(iii) is more extensive (68" increases) the lower the cost of public funds (), and the
higher the social value of the new project (S);

(iv) is more extensive than under buybacks.
That rescues are more extensive than under buybacks is natural: the possibility

of asking the seller to keep some skin in the game alleviates adverse selection and
makes the intervention less costly.
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FIGURE 4. LEAVING ENOUGH ADVERSE SELECTION IN THE MARKETPLACE

C. Implementation

Let us next note that the optimal intervention can always take the form of a clean-
ing up of the worst types followed by refinancing of (some of) the remaining ones
by the market. Furthermore, and as illustrated in the intervention cannot
be comprehensive (i.e., does not cover all types in [0,6"]). The reason for this is that
the market, if confronted with a population [6", 1], would in general want to finance
at least a fraction of these types. Anticipating this, types in [0, "] would refrain from
joining the government’s scheme.

PROPOSITION 8 : The optimal intervention is not comprehensive (the government
does not attract all types in [0,6"]). The upper bound on social welfare characterized
in Proposition 7 can be implemented by an intervention that attracts types in [0,0,]
for some 6, and leaves types in [0,, 1] to the market, where 0, is uniquely defined by

(8) fg [0R, + S — V(6y)]dF(6) = o.

g

PROOF: .

Let I1,,(6,.0) = | 03 [ORy + S — V(0y")]dF (). Note first that §° > 6,, and so
I1,,(0,0%) < 0. Second, I1,,(6,,67) > 0 for 6, close to §", since 'R, + S — V(67y")
=0'Ry + S — Uy(6") = S > 0. Thus, there exists a (unique) solution to (8).

Suppose that 6, > 0,(0") (where b + y*0,(0°) = B: see Figure 4). Then
by giving two incentive schemes {z = ¢,y =y" — n} such that ¢ = 6,7 and
{z = B — b + K,y = 0}, the government attracts types [0, 6,] and only those types.
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When ¢,7, and < converge to 0, the solution converges to the optimum. Thus, the
optimum can be approximated through a scheme yielding a unique continuation
equilibrium. One gets exact implementation for ¢ = n = xk = 0, but then the equi-
librium set of types accepting the government offer is not necessarily [0,6,]; the
allocation, however, is unique.’? Finally, when 0, < 0,(6"), then the equilibrium
allocation is again unique.

Cost of Interventions.—One might conjecture that interventions should be rea-
sonably cheap as sellers are eager to be financed and so are willing to part with
their legacy asset at a low price. This high willingness to sell, though, is already
accounted for by the market. In fact, the government at the optimum policy always
(and not only on average) overpays for the legacy asset or the stake: From (8) and
the fact that profit is increasing in § (Lemma 4(ii)),

n(f) < 0 forall 0 c O,

Ex Ante Moral Hazard.—As in the case of buybacks, we can add a stage, stage 0,
at which the seller chooses the distribution F(f|e) at increasing and convex cost
Y(e). The effort increases the distribution in the sense of first-order stochastic
dominance. The equilibrium utility U(0, e”) is given by the socially optimal rent for
distribution F(6|e") corresponding to the equilibrium effort e*. The expectation of
intervention always creates moral hazard:’*

PROPOSITION 9: Suppose that the market breaks down in the absence of interven-
tion and that the optimal government policy is not laissez-faire. The equilibrium
effort is smaller under a government intervention than under laissez-faire.

PROOF:
Under an intervention the seller chooses her effort e so as to maximize:

1

1
fo U(f,e)dF(0|le) — V(e) = B + j(; U(,e)[l — F(8|e)]dd — T(e),
while the laissez-faire effort is given by the maximization of
1
fo Us(0)[1 — F(0]e)]dd — T(e).

But U(6,e*) € {0,y, Uy(0)} where Uy(f) > y. By supermodularity, the optimal effort
under laissez-faire is higher than under intervention.

33 If y,, < ye, then all types in [0, "] join the government scheme and so y,, > ye, a contradiction. If y,, > y,, no
type joins the government scheme (from robust choice), and so the intervention has no effect.

34 We here assume that the government cannot commit. Were the government able to commit to a rent schedule
{U(-)} before the choice of effort, the optimal intervention would also need to account for the impact of interven-
tion on the choice of effort. While deriving the optimality conditions for the commitment case is straightforward,
specific results depend on what part of the distribution F marginal effort impacts most.
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D. Adding a Cost of Government Intervention

Interventions by the government involve multiple costs: administrative costs and
political backlash (increasing with the size of the intervention) for the government,
political constraints (cap on bonuses, etc.), and stigma of participation for the res-
cued entity. We do not attempt to embody all these potential costs into the analysis.
Rather, we content ourselves with the following exercise: Suppose that the gov-
ernment incurs an arbitrarily small per unit cost, £[f(0)df], of rescuing types in
[0,0 + df]; what is the optimal pattern of intervention?

PROPOSITION 10: As the unit cost of intervention € converges to 0, the optimal
intervention converges to the one characterized in Proposition 7. Furthermore,
there is a unique implementation outcome: There exists 0, (given by (8)) such that

e types 0 < 0, are rescued by the government;
* types 0 in [0,,0] are refinanced by the market.

Intuitively, the size of the free market is maximized if the government rescues the
worst types: this leaves more profitable types to, and therefore expands, the market.

V. Discussion

Other Causes of Freezing.—We have derived the implications of a common factor
of market dry-up, adverse selection. The widespread focus on toxic assets, lack of
confidence about the quality of these assets, counterparty risk, and losses associated
with inaccurate ratings all suggest that accurate information is not widely avail-
able prior to bailouts. But market freezes are reinforced by other factors, such as
some’ regulated banks’ strategies to avoid recognizing losses and having to raise
more capital, the shortage of financial muscle,’S heterogenous beliefs, or ambigu-
ity aversion.’’ The nature of optimal interventions, if any, depends on the freeze’s
proximate cause. Consider, for example, a regulated entity subject to a capital ade-
quacy requirement and owning an illiquid legacy asset subject to, and overvalued
by, historical cost accounting. Either potential buyers don’t know the value of the
asset and the adverse selection issues studied in this paper are relevant, or they do,
and then the optimal intervention, if any, consists in auctioning off the asset on the
market (de facto imposing fair value accounting), together with liquidity support
(of [B — S — 6Ry] in our model). If there is a very limited set of potential buyers
and so the government is worried about collusion (a sale at a favorable price so as to
boost government subsidies), then the analysis resembles that of adverse selection
developed in this paper.

35 Diamond and Rajan (2011) point out that in the recent crisis a number of regulated institutions had excess
book capital.

36 There is now a large literature, starting with Allen and Gale (1994), on the idea that prospective buyers able
to manage the asset are in limited number and may not have enough capital to purchase the asset. Allen and Carletti
(2008) make a case for the role of cash-in-the-market pricing in the freezing of the securitized asset markets.

37 Caballero and Krishnamurthy (2008).
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Asset Fungibility.—Our basic model resembles that of Myers and Majluf (1984),
except that, to be able to discuss buyouts, we assumed that the legacy asset and the
new project can be separated (i.e., are nonfungible). Let us briefly discuss the impli-
cations of fungibility; to remain in the spirit of Myers-Majluf, assume that R, = R|,
so in case only one activity succeeds, investors cannot know whether it is the legacy
asset or the new project. An incentive scheme then specifies a fixed transfer, and
rewards for one or two successes. Letting y(6) denote the reward for two successes,
1(0) the reward for one success (conditional on the new project being financed), and
t and y denote the highest such values, then

U(f) > max{B + 0t,b + (1 — O)t + 0y,U,(0)}.

The constrained-efficient allocation is slightly different from the one under non-
fungibility. For example, if § = 0 is to be financed and not to shirk, # > B — b, and
so for all 6, U(0) > B + O(B — b): the initial flat part of the constrained optimum
is now positively sloped.

Adverse Selection on New Project as Well.—We have not allowed for private
information about the new project. The analysis of two-dimensional screening is
likely to be complex. The insights can, however, be seen to extend to the special
case of perfect correlation between the legacy asset and the new project (so adverse
selection is de facto single-dimensional). We briefly explain why in the case of buy-
backs. Suppose, first, that none of the surplus is pledgeable (so B(6) = S(0) + I);
the financing condition is then p > I. Assuming that dS/df < R, there exists a unique
cutoff #” such that "R, = p + S(6"), and so the analysis of Section II carries through.
Second, suppose that some of the surplus is pledgeable, but the new project succeeds
when and only when the legacy project does, while b and B are known. In particular,
S(0) = 6R, + b — I for some R,. Again, the analysis is basically unchanged.

VI. Conclusion

The introduction already summarized the main insights. Let us discuss some other
applications and alleys for future research.

Other Public-Sector Applications.—The idea that participants in a scheme have
an eye on the subsequent free market has other applications. Sellers are reluctant to
show up at the discount window and countries have shunned the IMF’s contingent
credit line mechanism by fear of the stigma associated with participation in those
schemes, or, equivalently, in search of the positive signal sent by nonparticipation.’

Private-Sector Principals and Market-Tainting Strategies.—Mechanism-dependent
participation constraints also naturally arise in industrial organization, as when a dom-
inant firm with market power designs a nonlinear tariff, knowing that a competitive

38 Signaling occurs also at the stage of exit, and not only of entry. A case in point is the rush by Goldman, JP
Morgan, and other institutions to reimburse loans granted by US authorities, although this may also be explained by
the reluctance of managers to confront government interference.
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fringe of rivals will react with their own policies. Situations in which a dominant
operator moves first in a market marred by adverse selection include market segmen-
tation by a manufacturer or the selection of a clientele (through pricing and condi-
tions) by a venture capitalist, investment bank, or rating agency. Like in this paper, a
high-rent policy inside the scheme raises the agent’s outside option through a selec-
tion effect. The essential difference, though, is that the principal would strictly gain
from the absence of a market: while the market delivers too small an agent’s rent in
my framework, it delivers (from the point of view of the principal) too high a rent in
the market tainting application. By focusing on simultaneous offers, the competitive
screening literature has ignored the mechanism-dependent participation constraint
problem. This is an important alley for future research.

Contracting with Externalities—Contracts often exert externalities on parties not
involved in the contract (see the classic survey of Segal 1999). “Contracting with
externalities” is usually studied in symmetric information contexts, or ones in which
externalities are independent of private information. But it is easy to envision situa-
tions in which exactly what types turn down contract offers affects one’s willingness
to contract: in general, who tenders the shares, and not only how many shares are
tendered, matters for the posttakeover outcome if monitoring or dissonance are rel-
evant. In a nonexcludable public good model, an agent’s outside option may depend
on who agrees to contribute to the public good if some unverifiable effort or contract
incompleteness prevent an accurate ex-ante specification of contributions. The payoff
to belonging to or staying out of a cartel depends on privately known marginal costs.’
In these examples, and many others, participation constraints are endogenous.

Limited Commitment—We have assumed that the government can commit to a
rescue scheme. If the government cannot commit not to renegotiate, the sellers will
adopt a lower take-up rate and some will wait for a better offer later on. The protracted
recapitalization of Japanese banks is an interesting case in point (Hoshi and Kashyap
2010). This situation, in the absence of a market, has been studied in the literature,*
and has been shown to lead to a slower revelation of information and equilibrium
delays. The novelty here is that a market can open over time. The interaction between
renewed government offers and market opening is an exciting topic for future research.

Multisector Analysis.—Another limit to government intervention is that it may
indirectly benefit sectors that the government does not intend to rescue or just help.
For example, the government might want to rescue banks because they have small
depositors or because they are central to the credit and payment systems. But it may
not want to commit taxpayer money to the benefit of hedge funds. Yet if assets can
be traded between hedge funds and banks, banks are willing to purchase dubious
assets (i.e., assets they don’t know the value of) from hedge funds if they anticipate
that a government’s asset repurchase scheme will be set up.*! If this arbitrage does

39 The first example was suggested by Segal and Michael Whinston, the other two by Sandeep Baliga.

40 E.g., Dewatripont (1989), Laffont and Tirole (1990), and Hart and Tirole (1988).

41 Interestingly, He, Khang, and Krishnamurthy (2010) document that hedge funds and broker-dealers in 2008
sold assets to commercial banks, so those assets benefited from the government’s debt guarantees.
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not discourage the government from intervening, the government may then subsi-
dize hedge funds or banks without need for cash or both.

These and other exciting research alleys related to mechanisms with endogenous
participation constraints are left for future research.
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