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Abstract

In a large class of economies, competitive equilibria can attain the efficient alloca-
tion but coordination failures among private agents can lead to inefficient equilibrium
outcomes. This generates a role for policy to uniquely implement the desired outcome.
We consider an economy with a firm that needs to raise a fixed amount from a large
number of investors in order to finance an investment project. Absent government
intervention, there are multiple equilibria. In particular, there are cases when socially
efficient projects are not financed due to coordination failures. We study the optimal
intervention for a government that evaluates payoffs by using the most adversarial
equilibrium selection rule. The government does not know the investment project’s
return and and can learn about it from market outcomes. We show two main results.
First, there does not exist a policy that uniquely implements the efficient outcome.
Second, there exist policies which can that uniquely implement allocations that ap-
proximate the efficient one with arbitrary precision. These policies require ex-post
inefficient interventions by the government. That is, to learn the state of the economy,

the government must commit to funding projects that it knows are inefficient.

*First version: January 2023. We thank Marina Halac, Eduardo Davila, and Giancarlo Corsetti for valuable
comments.



Introduction

In a large class of economies, coordination failures prevent the efficient allocation from
being uniquely implemented. Examples include the bank run model of Diamond and
Dybvig (1983), models with endogenous financial frictions (Alvarez and Jermann (2000),
Gu et al. (2013)), models with default and rollover risk (Cole and Kehoe (2000)). See
the seminal contribution of Cooper and John (1988) for a general treatment. In some of
these cases, private contracts can be suitably amended so that multiplicity is no longer
an issue. However, there are also cases in which multiple equilibria emerge despite the
presence of unrestricted private contracts. In such economies, there might be a role for
government intervention to reduce multiplicity and potentially uniquely implement the
efficient outcome.

This paper studies the design of robust policy interventions in economies where co-
ordination failures occur in spite of unrestricted private contracts. In particular, we focus
on robust policy interventions. That is, we study the optimal intervention for a government
that evaluates payoffs according to the most adversarial equilibrium selection rule. To
do so, we consider a simple investment model in which coordination failures occur due
to non-convexities in the production technology. The government does not know the
investment’s payoff and relies on market prices to learn the state and make its intervention
decision. We show three main results. First, no intervention scheme can uniquely imple-
ment the efficient outcome. Second, the optimal intervention scheme approximates the
efficient allocation arbitrarily closely and involves subsidies to ex-post inefficient invest-
ment projects with strictly positive probability. Third, the intervention scheme does not
necessarily worsen the moral hazard problem for the managers. Increasing the probability
that good projects are funded increases the incentives to provide ex-ante effort, implying
that effort is higher under the optimal intervention scheme as compared with the worst
equilibrium.

We consider a simple economy where a firm has access to an investment project that
requires a fixed input cost in order to yield returns next period. The manager of the
tirm designs contracts to raise funds from a continuum of investors. Investors are risk
neutral and know the average return of the firm. Absent government intervention, we
show that an equilibrium with investment co-exists with one without investment, if the
average project returns are larger than the outside returns for the investor. The reason
for the latter is a classic coordination failure: if one investor expects other investors not to
lend to the firm it is optimal for her not to invest even if she knows the investment project
is profitable because she anticipates that the firm will not be able to raise the resources
to invest. If average returns are lower than the investors outside option then there is a

unique equilibrium with no investment.



We consider the role for government intervention. Governments have the ability to
tax investors and raise the required funds if needed. In this sense, the government is
a big player and immune from coordination failures. However, the government has an
informational disadvantage relative to the private agents: we assume that the government
does not know the average return but can learn about it through the market price of
private contracts. In the equilibrium with investment, the government can perfectly learn
the state. However, in either the no-investment equilibrium when returns are high or the
equilibrium when returns are low, the price of private contracts will be zero, implying
that the government cannot learn the state.

The first main result is that there does not exist an intervention scheme that uniquely
implements the efficient outcome. By the efficient outcome we mean invest if and only if
the project returns are greater than the outside return for investors. The reason for this
is that efficiency requires the government to not intervene if it observes a zero price. But
then it is forced to not intervene in the no-investment equilibrium when project returns
are high, implying that some good projects may not get funded.

To solve for the optimal policy, we follow a robust approach and consider the most
adversarial selection mechanism from the government’s perspective. Our second main
result is there exists an optimal intervention scheme that can approximate the efficient
allocation with arbitrary precision. As part of this policy, the government commits to
funding projects that are ex-post inefficient. Consequently, prices are informative of the
project returns which allows the government to ensure that good projects are funded. In
the proof, we show that doing so only requires the government to commit to bad projects
with a vanishingly small probability. We also show that the restriction to the market-
based interventions is without loss of generality and that mechanisms with more general
message spaces cannot improve outcomes.

One insight from our work is that commitment is needed to implement the best robust
policy for reasons which are in sharp contrast to that with government bailouts. With
bailouts, the optimal Ramsey policy has the government committing not to intervene to
bail out ex-post efficient projects to provide the correct incentives to private agents ex-
ante. Here, the government must commit to fund ex-post inefficient projects to ensure
that efficient projects are always implemented. If the government cannot commit to
such interventions, either there is no intervention and multiple equilibrium outcomes are
possible, or the government directly funds all projects without acquiring any information,
essentially shutting down private markets.

In light of the large literature on bailouts and moral hazard one may wonder if such
mechanisms may distort the incentives of managers. Suppose the manager can take an
action that affects project returns. While the fact that low return projects are occasionally
funded has a negative impact on the managers incentives, the ability to always fund good
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projects increases their incentives to exert effort. Asthe probability of funding bad projects
goes to zero, the negative incentive effects go to zero as well.

Related literature Our paper builds on a literature that studies unique implementation
with private contracts. See for instance Winter (2004), Halac et al. (2020), Camboni and
Porcellacchia (2021), and Halac et al. (2022). In particular, Halac et al. (2020) study the
problem of a firm raising a fixed amount of funds from N investors who are heterogeneous
in their endowments. As in our model, this fixed startup cost generates non-convexities
which lead to multiple equilibria. They provide conditions under which private con-
tracts can uniquely implement the investment outcome. The main difference with our
environment is that we focus on conditions under which private contracts cannot achieve
unique implementation. We show that these conditions are equivalent to the existence of
sufficient collateral so that lenders can be compensated if investment does not place.

Our paper also relates to the macro literature that studies the role for policy to uniquely
implement desired outcomes. See for instance Bassetto (2005), Atkeson et al. (2010),
Kirpalani (2015), Roch and Uhlig (2018), Bocola and Dovis (2019), Sturm (2022) and
Barthelemy and Mengus (2022). The main difference between our environment and this
literature is the assumption that the government/policymaker cannot perfectly observe
the state. One of our main results is to show that in this case the optimal mechanism
requires both the participation of markets and the government, and that either agent in
isolation can only achieve sub-optimal outcomes.

A closely related paper is Valenzuela-Stookey and Poggi (2020) who the study imple-
mentable outcomes when a principal (a government) takes an action based on information
learned from market outcomes. Like in our paper, this implies that prices in turn can de-
pend on this intervention policy leading to multiple equilibria. The main difference
between this and our paper is that we are interested in economies in which there is mul-
tiplicity absent government intervention and consider the role for policy to help uniquely
implement the efficient outcome.

Our paper is closely related to the global games literature that studies how bailouts and
government interventions affect the equilibrium set and the incentives to provide effort.
See for example Morris and Shin (2006) and Corsetti et al. (2006). We share with this
paper the ideas that government intervention can help implement the efficient outcome
that interventions can encourageindividual effort and so do not necessarily create moral
hazard problems. We differ from these papers because we do not rely on a global games
selection to render the equilibrium unique. In our economy, prices are critical because they
provide information to the government about the state which in turn affects the optimal
intervention probability. It is well known that prices introduce multiplicity even if the
common knowledge assumption is relaxed(see Atkeson (2000), Angeletos and Werning
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(2006) and Hellwig et al. (2006)).

Our paper provides another perspective on the differences between centralized (gov-
ernments) and decentralized mechanisms (markets). Acemoglu et al. (2008) argue that
centralized mechanisms are worse at collecting information about agents types but do not
necessarily satisfy individual rationality constraints. Anonymous markets on the other
hand feature the opposite. Similarly, we argue that markets might be better at aggregating
information due to price mechanisms. However, the benefit of governments/centralized
mechanisms are that they can solve coordination problems and help uniquely implement
desired outcomes. This paper emphasizes the complementarity between markets and
government interventions: markets aggregate information and the government, a large
player, ensures that there are no coordination failures.

The paper proceeds as follows. Section 1 lays out the environment and Section 2
characterizes the set of private equilibria. In Section 3 we consider the problem for
a government interested in unique implementation and Section 4 considers the set of
implementable outcomes if we have more general mechanisms. Sections 5 considers the

incentive effects for managers. Section 6 concludes.

1 Environment

We consider a simple environment in which multiple equilibria can arise because of static
coordination problems between non-atomistic lenders.

Lett = 0, 1. The economy is populated by a continuum of non-atomistic investors who
are risk neutral and require an expected return of R > 1. Their endowment in period 0 is
E. There is a firm with access to a project that requires K units of the consumption good in
period 0 as a fixed investment cost which if paid generates outputy = 71 (0 + v, ¢) in period
1, where v 4 0 is known in period 0 before investment and ¢ is mean-zero and realized
in period 1. If the investment cost is not paid, the firm generates output v. Thus, a firm
is characterized by (0,v). We assume that e ~ F(¢), 0 ~ G (0) and v ~ H (v). In addition,
we assume that supp (y) = [0,00) and E [t (6 + v, €) | 6 + v] = 0 +v. For example, we can
assume that 7t (0 + v, &) = exp (6 +v— %02 + s) and ¢ ~ N (0, 02).

Investment is undertaken by a manager who is the residual claimant on the firm’s
cash-flows in period 1. She has no initial endowment and so must raise resources from
the lenders. The manager can design any contract in order to raise resources from the
lenders but is subject to limited liability.

To simplify the environment, we assume that all investors are symmetrically and
perfectly informed about 6. This assumption is without loss of generality since if we
assume that investors observe noisy signals about 0, the equilibrium price of the financial



contract will perfectly reveal 0 to all investors.

Efficient allocation Efficiency dictates that the project should be funded if and only
if 0 > RK. Thus, the expected output level associated with the efficient allocation is

W*:v+/ (0 — RK) dG (0).
0>RK

2 Private equilibria

We begin by defining a contract. A contractis (R' (0,v,¢),RN (v)) where R' (8, v, ¢) is the
return lenders receive conditional on investment and shock realization ¢ and RV is the
return conditional on no-investment. Let B be the quantity of such contracts issued and q

be the price of such a contract. Feasibility requires that

R(0,v,e) < 128,
B
wherez =0 + v and .
RN (v) < T2

Although we let the set of contracts be unrestricted, it is illustrative to start with the

assumption that the manager can only issue standard debt contracts. A debt contract is one

RI(G,v,e)::rnhl{l,ZEQi%iXiil}.

in which

(1)

That is, the manager pays one unit of the consumption good per unit of debt if there are
enough resources available or the output is split equally between all investors. There are
two types of debt contracts. The first, which we define as collateralized debt, is one in which
RMN > q~! so that the manager pledges at least part of v conditional on no investment. The
second, which we define as non-collateralized debt is one in which RN = q so that investors
just receive their invested funds back if there is no investment.

The timing is as follows: first the manager issues debt with face value B (either
collateralized or non-collateralized); next, after observing B, q, and (z,v), investors decide
whether to lend. The lending decision can depend on the realization of a coordination
device & that is uniformly distributed over [0, 1]. The equilibrium price must satisfy

q(B,G,v,&):% [H/Rl(s) dF (¢) + (1 —T) RN )

where [ is an indicator function which takes a value of 1 if gB > K and the investment is

undertaken.



A private equilibrium is a debt contract (RI (0,v,e),RN (0, v)), an amount of debt B (0, v)
and debt prices q (B, 0,v, &) such that for any (6, V), i) the debt contract and quantity are
optimal for the manager i.e. (R'(8,v,€),R" (8,v),B (8,v)) solve

1
max / {]I (&) /max {m(z,e) —R'(¢)B,0} dF (e) — (1 —L(&)) (v—RN)| d&,
RI(e),RN,B 0
ii) equilibrium price satisfies the investors” optimality condition (2), iii) I(§) = 1 if
q(B,0,v,&) B (6,v) > Kand 0 otherwise.

The following proposition characterizes the set of equilibrium outcomes.

Proposition 1. i) Suppose that v > (R — 1) K. For good projects, ® > RK, the manager issues
collateralized debt and there is investment for sure; for bad projects, © < RK, the manager issues
no debt and so no investment takes place. Thus, the unique equilibrium outcome coincides with
the efficient allocation. ii) Suppose that v < (R —1) K. For good projects, an equilibrium with
investment always co-exists with one without investment; for bad projects, the manager issues no
debt and so no investment takes place. Thus, the efficient outcome is not the unique equilibrium
outcome.

Proof. To prove the proposition, we first define some notation. Assuming there is

investment, define
q'(B.z) = %/min{l,r((z,e)/B}dF(s)

This is the debt price in case of investment. Also, for 6 > RK, define B* (z) and q* (z) as:

B*(z) = K/q" (2] 3)
4" (z) =q' (B*(2),2).

These are the debt issuance and price that arise in the equilibrium that implements the
efficient allocation. If I = 0 then define

1
N (B,v) = RN
q" (Bv) =
First, suppose that v > (R—1)K. Suppose also that the manager of a good project,
0 > RK, characterized by (v, z) issues B* (z) of collateralized debt. First, we show that any
equilibrium outcome has investment taking place, i.e., qB* (z) > K. To see this, suppose
by way of contradiction that there exists an equilibrium with qB* (z) < K. In this case,
I=0and

q=q" (B,V)Z%min{l,qu%}.

There are two cases to consider. First, if ¢ +v/B > 1, then q = 1/R. Since by assumption



q* (z) < 1/R then
qB*(z) > q" (z) B* =K

obtaining a contradiction. Second, if q +v/B < 1. Then,

where the first equality follows from the definition of price and the second from the
assumption on v. In this case we have a contradiction as well.

Next, we show that it is optimal to issue collateralized debt equal to B* (z). Since
qB* (z) > K, the manager can always guarantee himself a payoff of

:/max(ﬂ(z,e)—B* (2),0) dF (¢) = v + 8 — RK.

Clearly, it is not optimal for the manager to issue more collateralized debt than B* (z) as it
will simply lower his profits. In addition, issuing less than B* (z) is not optimal because
the manager cannot raise K and implying that his payoff will be less than v. Finally,
issuing non-collateralized debt is not optimal because there is always an equilibrium with

no investment and q = 0 and so in this case the payoff is
Vi(z)+(1-0gv< Vi (z)

where ( is the probability that lenders coordinate on the good equilibrium. Therefore, it
is optimal to issue collateralized debt.
Second, suppose that v < (R — 1) K. In this case, if the manager issues collateralized

debt with face value B and investors believe that no investment will take place,

qB = qN (B,v)B = %mm{Lq+%}B

“(&rm)®

qB <

or, rearranging

v < K

R—1
where the last inequality follows from the assumption that v < (R — 1) K. Of course, this
is also true if the manager issues non-collateralized debt. Thus, if lenders believe that
there will be no investment, the firm will not be able to raise enough resources thereby
validating the beliefs. Therefore, there always exists an equilibrium with no investment
even though projects are good.

Finally, it is straightforward to see that a manager with a bad project will always issue



zero debt because its value of doing so is less than v. Q.E.D.

The proposition shows that if the collateral value of the firm is sufficiently large,
v > (R—1) K, then a manager with a good project, 6 > RK, can always raise K by issuing
collateralized debt. This because the collateral value, v, guarantees the investors a rate
of return R even in the case that other investors choose not to invest and the investment
project is not funded. This breaks the coordination problem among investors and implies
that the unique equilibrium outcome is efficient. This equilibrium is characterized by
(g*, B*) which solve

g = %/min{l,ﬂ(z, e) /B*} dF (e)

and
q*B* =K.

When the collateral value is small, v < (R—1) K, it is not possible to guarantee an
individual investor a return of R independent of other investors’ choices. Thus, there can
be an inefficient equilibrium where 8 > RK but qB < K and the investment project is not
financed.

Note that if v < (R — 1) K we cannot characterize the type of debt being issued and
the amount of debt. This is because, these choices can in principle affect the equilibrium
selection. To see why, let V* (z) denote the payoff for the manager in the best equilibrium
when 0 > RK and he issues B* units of debt. Then, the manager’s expected payoff
conditional on issuing fully collateralized debt (RN = q +v/B), is

CV* (z)

where ( is the probability that investors coordinate on the best equilibrium. If instead the
manager issues non-collateralized debt, his payoff is

CVe(z)+(1—=C)v

where (' is the probability that lenders coordinate on the investment equilibrium. Note
that here the payoff for the manager in the no-investment equilibrium is v because the
debt is not collateralized i.e. it offers a zero payout if qB < K. If { = (' then issuing
non-collateralized debt is better because it allows the manager to retain v when invest-
ment cannot be financed. However, it may be optimal to issue collateralized debt if the
equilibrium selection rule depends on the choice of contract.

It is straightforward to relax the restriction that managers can only offer debt contracts
as in (1) and show that our results generalize to any feasible contract. In particular, there

is multiplicity if and only if v < (R—1) K. The idea is that to ensure that investment is



undertaken for sure if 0 > RK, the manager must guarantee that each investor receives
a return R whether the investment is undertaken or not. This is necessary to ensure
that an individual investor’s decision to lend does not depend on other lenders’ decisions.
Normalizing the investors endowment to K, the manager needs a measure one of investors
to invest in the project. If v < (R — 1) K the manager can guarantee a return of at least R
if no investment takes place to at most a measure vK/ (R — 1) < 1 of investors. Thus, the
remaining investors would participate only if they believe that others will and so multiple
equilibria can exist.

The assumption that lenders are non-atomistic is not important for this result but
it is useful to think about market mechanisms in which investors act as price takers.
Importantly, even if there are a finite number of lenders, private contracts can uniquely
implement the efficient outcome only if the collateral value, v, is sufficiently high. For a
low value of collateral, private equilibria cannot rule out the no-investment equilibrium for
good projects. Consider for example the case in which atleast N > 2 investors are needed
to fund the project. Let the investors” endowments be E; such that Z]i\; Ei = K (ruling
out integer issues without loss of generality). Using the insight from Halac et al. (2020),
unique implementation of the efficient outcome can be achieved if it is possible to order
agents by their endowment size from lowest to highest and make investment a dominant
strategy for each investor n given that all previous investors indexed by i € {1,...,n — 1}
have invested in the project.! This requires R} > RE; for i = 1,...,N — 1 noting that
investor N will always invest since her choice is pivotal. Combining this with the resource

constraint

z

—1

z
L

Rll\lg Ei-f-\)

i=1 i=1

implies that the amount of collateral needed is

N—-1

i=1
In particular, in the symmetric case in which E; = K/N, the above reduces to

N—-1

v}Z_(R—l)K

i=1

N—-1
N

In our environment, making investment a dominant strategy for investors with small endowments
minimizes the amount of collateral needed. In Halac et al. (2020) instead, the cost minimizing way to make
investment dominant is to ensure that investors with large endowments invest no matter what investors
with small endowments are doing. This is because in their environment investment is probabilistic and
depends on the amount invested. Therefore, investors with higher endowments require lower returns in
order to participate and so it is cheaper to make investment dominant for high endowment agents.
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which converges to the cutoff in Proposition 1 as N — oo.

3 Market-based interventions

Suppose that v < (R — 1) K so that private contracts cannot uniquely implement the good
outcome. We now introduce a government who lacks knowledge about the state of the
firm (6,v) but can tax lenders and finance the project.? The government can observe the
price and the type of the contract offered by firms. We call this type of intervention market-
based because the government can condition its actions on the equilibrium objects B and
q. There are two main results in this section. First, we show that there exists no market-
based intervention that uniquely implements the efficient outcome. Second, we show that
that government can design a market-based intervention policy that can approximate the
efficient outcome with arbitrary precision. Under this policy, the government learns if
the investment project is profitable by observing the equilibrium (B, q) and commits to
funding good investment projects (i.e., © > RK) with probability one but no intervention
is necessary along the equilibrium path and bad investment projects (i.e, 8 < RK) with a
positive (but vanishing) probability. One can interpret such a policy as one in which the
government commits to ex-post inefficient bailouts.

We focus on cases with v < (R — 1) K and non-collateralized debt. If v > (R — 1) K and
0 > RK then collateralized debt ensures that investment takes place. And so in this case
managers will not have an incentive to issue non-collateralized debt.

The timing is as follows:
¢ The government commits to an intervention probability n (B, q);

* The investment project’s quality (0, v) is realized and observed by the manager and
the lenders;

* The manager issues debt B;
* A sunspot (is realized and the price of debt q is realized;

e If qB < K, the manager can ask the government for assistance. If assistance is
requested, the government makes a transfer T = K — qB with probability n (B, q);

e Finally, ¢ is realized and contractual payments are made.

We now characterize the outcomes using backward induction.

2We assume that the government knows the investors” opportunity cost R but we could allow that the
government does not know 0 and/or R as 0/R is a sufficient statistic for the optimality of investment.
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Continuation equilibria given (6,v,B) The equilibrium price if lenders anticipate that
assistance will be requested is

q= %H/min{l,ﬂ(z,e)/B}dF(ﬁ)

+ R =D 1= n(B.a)a+n(B.0) [ ninflw(ze) /BHaF ()

or

q_%W+U—Dn$AHA&3)
-

+(1=D(1—n(B,q)
where
AlzB) = /min{l,ﬂ(z,a)/B}dF(e)

is the expected payoff on debt conditional on investment. The continuation equilibrium
outcome is a debt price q and an investment probability o; (o, q) can take on two forms:

either the investment is undertaken without government intervention (¢ = 1), and

qB > K 4)
q=3A(zB).

or the investment is undertaken only with government assistance (o = 1 (B, q)) if the

manager asks for it and

qB < K 5)

o

TTRo1r AP ©®)

The manager will ask for assistance if and only if the payoff associated with assistance,

V< (z,v,B,q) :n/max{ﬂ(z, e)—B}dF(e)+(1—m)v

is greater than the value of not requesting assistance, v. Thus, assistance is requested if

and only if
/max{rt(z,e)—B}dF(s) > V. (7)

We can then define the set of investment probabilities consistent with a continuation
equilibrium given the history (6,v, B) as

X (v,0,Bn) = {0 : 39 such that either (4) holds or (5)-(7) hold}
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Figure 1: Equilibrium determinacy

a,n
¥(0m)

Given a policy 1 (B, q), there can be multiple equilibria with different investment proba-
bilities.

Figure 1, illustrates how to identify the set of equilibria for a candidate intervention
policy function 1 (B, q). The blue lines are the indifference conditions of investors for a
given B and different values of z = 0, 61 < Oy < 0. That is, given a probability of
investment o, q is the maximal price at which they are willing to invest. This is just the
inverse of (6), 0 = q(R—1) /(A (0 +v,B) — q). The probability of investment given q is
represented by the red line. If ¢ < K/B, then the resources collected from the investors are
not sufficient to finance K and the probability that the investment is funded equals to the
probability of receiving government assistance. Thus, for q < K/B we have o0 =1 (B, q).
For q > K/B, the price is sufficiently high so that the investment is implemented with
probability 1 with no assistance in equilibrium. Thus, the set of investment probabilities
consistent with a continuation equilibrium given (0, v, B) is the intersection between the
red and the blue lines (for a given 0) in Figure 1. For 6y and 0y, there is always an
equilibrium with o = 1. For 6y, this is the unique equilibrium. For 0,4, there is another
equilibrium with assistance. For 0, the project output is too low to have an equilibrium
without assistance. Thus, there is only one equilibrium with assistance and o € (0, 1).
Finally, note that if n (B, 0) = 0 and there is no assistance, for any realization of 6, there is
always an equilibrium with o (0) = 0 and no investment as shown in Proposition 1 for the

case with low collateral.
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Debt issuance decision We now characterize the manager’s problem at the beginning
of the period. Let

M(B,z) = /max{ﬂ (z,e) —B,0}dF (¢)

be the expected manager’s payoff conditional on investment. A debt issuance decision is

optimal if
B(0,v) e argméxx/ w(B,o)olT(B,0+v)do forsomepn(B,:) e A(Z(0,v,B(0,v)n)).

That is, the debt issuance decision must be optimal given some belief about the equilib-
rium selection, where these these beliefs are drawn from the set of possible equilibrium

investment probabilities.

Best robust policy We now solve for the optimal government’s policy. To evaluate wel-
fare associated with a given policy, we need to specify a selection mechanism because,
in general, multiple equilibria can exist. There are many selection mechanisms we could
consider. For example, under the Ramsey approach one considers the most optimistic se-
lection in evaluating payoffs, the best equilibrium is always chosen and no intervention
is ever necessary. Under the Robust approach, we use the most adversarial selection cri-
terion from the government’s perspective. In this case, the equilibrium with the highest
investment probability is chosen if 6 < RK and the equilibrium with lowest investment
probability is chosen if 6 > RK. We denote these two probabilities by ¢ (8,v, B (6,v) n)
and o (0,v,B (0,v)n):

G(6,v,B(0,v)In) = max o, o(0,v,B(6,v)n) = min 0.
€L (6,v,B(6,v)n) €L (6,v,B(0,v)n)

Moreover, we consider debt issuance decisions that minimize the government’s value
under the most adversarial selection. The debt issuances must satisfy the following

incentive compatibility constraint:

RK
B() e argrél(i.r)l/e 0(0,v,B(0,v)In) (6 —RK)dG (0) (8)

0
+/ (6,v,B (6,v)[n) (6 — RK) dG (0)
RK

subject to

B(0,v) € argmgxcr(B, 0,v)TT(B,06+v) forsomeo(B,0,v)e X (0,v,B(0,v)n).
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The government anticipates that the manager will choose the level of debt that minimizes
the value of the worse equilibrium for the government subject to the requirement that
there exists a set of continuation probabilities consistent with a continuation equilibrium
that makes this B a best response. Clearly, if & (6, v, Bln) is a singleton {o (8, v, Bm)} for all
(0,v, B), then condition (8) reduces to

B(0,v) € argmng(B,e,v)ﬂ(B,e—kv). )

The optimal robust policy solves

RK
W=  sup / 5(0.v.B (0.) In) (6 — RK) dG (0) (10)

0
+/ (6,v,B (6,v)[n) (6 — RK) dG (0)
RK

subject to the incentive constraint for debt issuances (8) and
Y (0,v,Bn) # 0 forall (6,v,B). (11)

The last constraint requires that the chosen policy 1 has at least one equilibrium for all
(6,v, B). To see why this is needed, consider the following example. Supposen (0) = a > 0
and 1 (q) = 0 for all g > 0. This policy can appear desirable because it ensures that for all
0 > RK there exists only one equilibrium with o = 1 and it rules out the outcome with no
investment. However, for © € (0, RK), no equilibrium exists.

The equilibrium prices associated with the best robust policy are

5(6,v,B(8,v)In) )
q(B,8,v) = R Traovsonm A (2B) if 0 <RK o
T o(6,v,B(6,v)In) ) .
R—1+0(0 v,B(eT;)m)A(Z,B) if © > RK

The following proposition shows that no policy can uniquely implement the efficient

outcome-i.e. investment with probability one when 6 > RK and no investment otherwise.
Proposition 2. No policy can uniquely implement the efficient allocation.

Proof. Consider an equilibrium outcome: (B (v,0),q (v,0,B),n (B, q)). If the unique
equilibrium outcome coincides with the efficient allocation, then, if © > RK the probability
of financing the project is one and zero otherwise. Consider a manager with a project of
type 61 < RK and v = v = 0. Under the efficient allocation, this project is not financed
for sure. Thus, (B, q (vi,01,B)) = 0 for all B. The requirement that this must hold for
all B follows from the observation that since vi = 0 and the manager is subject to limited

liability, he will always try to issue some debt if n (B, q (vi,0,B)) > 0 for any B. Thus,
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q(vL,01,B) =0 forall B and so
n(B,0) =0 forall B.

Now suppose that 6 > RK. Since, n1(B,0) = 0, for any level of issued debt B, there
exists an equilibrium in which 1 (B,0) = 0, ¢ = 0 and no investment takes place. In
particular, under the adversarial equilibrium selection rule, investment never takes place
when 6 > RK. Thus, we cannot uniquely implement the efficient allocation. Q.E.D.

The proof follows from the observation that if ) (B, 0) = 0 then the government cannot
distinguish between bad projects and bad equilibrium outcomes with good projects based
on the price and face value of debt. This implies that any policy which prevents investment
when projects are bad (as is consistent with efficient equilibrium) must be also be consistent
with an equilibrium outcome where no investment takes place when projects are good.

More generally, if the government wants to avoid ex-post inefficient investments, it must
be that n (0, B) = 0. But then it is not possible to rule out coordination failures among
investors for projects with 6 > RK. Thus, under the most adversarial selection rule, a
necessary condition for investment to take place when 6 > RK is 1 (0, B) > 0. If not, then
the selection criterion implies that no good project is ever started because o (6jn) = 0. This
attains a lower value in (10) than a policy that always fund any projects if [ 0dG (6) > RK.
This implies that under the optimal robust policy, bad projects are occasionally funded.
In other words, the government must commit to funding ex-post inefficient investment
projects in order to implement the investment outcome when projects are good.

The next proposition shows that we can construct a sequence of policies that uniquely
implements an outcome in which efficient investment projects are always financed and
the probability of ex-post inefficient investments is vanishingly small. Consequently, the
efficient outcome can be approximated with increasing precision. We refer to such policies
as the optimal robust policy since there do not exist any others which are feasible in (10)

and can strictly dominate them.

Proposition 3. There exists a policy that can approximate the best outcome arbitrarily closely and
attains the supremum in (10). This policy commits to ex-post inefficient investments with some
strictly positive probability.

The formal proof for this proposition is provided in the appendix. Here we describe
its logic. We construct a sequence of intervention probabilities, debt issuances and cor-
responding debt prices {n. (B, q),B, (0,v), qn (B,0,v)} parameterized by a parameter
h,, € (0,1) as follows: for any z* and corresponding B = B* (z*) define

(R—1)

Eqmehn(q*(Z*)—q)- (13)

Mn (B, q)
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Figure 2: Equilibrium for {n,}

o, | o(B,0) |
' 1 ____________________ [Rppe——
ey i
GQ(Bv 9) i
0 limy,, 0 0, (B, 0) !
0* 0
For each (B, 6,v), the debt prices g, (B, 0, v) are the unique solution to
B (R—1)
Finally, debt issuances are defined by
B, (0,v) =arg  max  mn(B,qn (B,0+Vv))[T(B,0) —V]. (15)

BerangeB*(-)

The constructed policy is feasible for the problem in (10). In fact, as illustrated in the first
panel of Figure 2, for any (B, 8,v) and h,, > 0 there is a unique continuation equilibrium
(q, o) where q is the solution to (14) i.e. the intersection betweenn,, (B, q) and the investors’
optimality condition (12) that can be rearranged as the right side of (14). Thus, X (6, v, Bn)
is non-empty and constraint (11) is satisfied. Moreover, since continuation equilibria are
unique then X (6, v, Bn) is a singleton and (8) simplifies to (9) which is satisfied because
of (15).

As illustrated in Figure 2, the unique continuation equilibrium has the property that
if z > z* then there is investment for sure while if z < z* then the investment probability
on (B, z) is strictly positive but strictly less than one. As h,, decreases, this probability
decreases and it converges to zero as h, — 0. In the limit, o,, (B, z) converges to a step
function that takes value O for all z < z* and 1 for all z > z*.

The last property ensures that the optimal debt issuance converges to B* (6 4 v) for all
0 such that © > RK. In fact, if B < B* (0 + v) then the project will be implemented with a
probability close to zero while the probability is one for all B > B* (0 +v). The fact that
B, (6,v) — B* (0 + v) then follows from the observation that issuing more debt decreases
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Figure 3: Equilibrium outcome as h, — 0

v 1
Issue B = B*(0 + v) of collateralized debt
oc=1
No assistance, private contracts enough
Kr-v)( ______ _

Issue B =0
Issue B = B*(0 +v)
c=1

Issue 0 < B < B*(6 +v) Assistance only off-path

op, > 0but o, — 0

Vanishing assistance on-path

0 RK 0

the value of equity as IT (B, z) is decreasing in B. For an investment project with 8 < RK
there are two possibilities: if v is sufficiently high, then the manager will issue zero debt to
avoid losing its collateral value. If instead v is sufficiently small, then the manager will try
to issue some debt to receive a subsidy but as h,, goes to zero the probability of receiving
this subsidy is arbitrarily small. In this sense, the constructed policy ensures that there is a
unique equilibrium that is arbitrarily close to the efficient allocation with minimal subsidy
given to inefficient projects on path. Efficient projects instead are implemented without
any government intervention. This property of the equilibrium outcome associated with
the best robust policy is summarized in Figure 3.

Note that there is a discontinuity at h,, = 0. If h,, = 0, then the intervention policy
coincides with the investors indifference conditions and there is always an equilibrium
with no investment when 6 > RK. So for any h, > 0 — no matter how small — we have
o = 1 for ® > RK but at h,, = 0 then o € [0, 1]. Thus, the robust policy approximates the
efficient allocation but cannot exactly attain it.

In Appendix B we show that the analysis extend to a dynamic model where investment
opportunities arise in every period.

Information and commitment Along the proposed sequence of intervention policies,

information about the market equilibrium outcome (B, q) allows the government to learn

whether the project has expected returns above or below RK. In fact, conditional on B, the
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unique equilibrium price is a strictly monotone function of z = 0+v. Thus, the government
can infer z by observing (B, q). Moreover, using information about the chosen B, the
government can learn whether 6 > RK or not. As argued above and illustrated in Figure 3,
if @ > RKand v < (R — 1) K the manager will issue debt B, (6,v) — B* (6 +v). Thus, if the
government observes (B, q) such that it implies z < B*~! (B) then the government knows
that this investment has an expected return less than RK because the manager issued a
small amount of debt with the prospects of receiving assistance. Thus, the government
knows whether the investment it is financing has high or low returns.

Even though the government can ex-post (i.e. after observing the price q) identify
managers with low expected returns asking for assistance, it must commit ex-ante to
providing them transfers (albeit with a vanishing probability). Not doing so will result in
n (B, q) = 0 and, as argued above, then no-investment is always an equilibrium outcome
for high return projects. Thus, funding inefficient investment projects is necessary to
guarantee that efficient investment projects are undertaken for sure.

This property of the best robust policy requires commitment on the part of the govern-
ment. If there is no commitment technology and v = 0, then there are two possibilities:
either there is no intervention at all and there is multiplicity which implies a value for
the planner W = 0, or the government directly funds all the investment projects without
acquiring any information which implies a value for the planner W = [ (6 — RK) dG (8).

In particular, if

/(e—RK) dG(0) <0 (16)

then the robust policy without commitment hasn (B,0) = 0 for all B. If n(B,0) = 0 then

the worst equilibrium has q = 0 for all 6. In this case, the distribution of projects quality

is G (0) so by (16) it is ex-post optimal to have n (B,0) = 0. Thus, there is always an

equilibrium with q (6) = 0 for all 6 and n (B (6), q (6)) = 0 along the equilibrium path.

This is because the government does not have incentives ex-post to finance bad projects.
Consider now the case in which the average project is good, i.e.

/ (0~ RK) dG (8) > 0 17)
In this case, q (0) = 0 for all 6 cannot be an equilibrium outcome because (17) implies that

the government will have incentives to provide assistance with probability one ex-post.
Then q (0) must be positive for some 0. If the price is positive, the government will learn
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the underlying 0 because there cannot exist 6; # 0, such that

a=n.a %P1 nsq)g
qzn(B,q)@Hl—n(B,q))q

since A is strictly increasing in 0. Thus, for all q > 0, sequential optimality on the part of
the government will require that 1 (B, q) = 0 for bad projects and 1 (B, q) = 1 for good
projects. And so, for 6 < RK, q = 0. But then this implies there can be a coordination
failure when 6 > RK which in turn implies that n1(B,0) = 0 cannot be sequentially
optimal. Therefore the set of robust policies is empty because condition (11) cannot be
satisfied while imposing that n (B, q) is sequentially rational for the government. In this
case, what the government can do is to finance all projects directly by providing K to the
manager without learning anything from the market. In this case the government can
guarantee an expected payoff of [ (6 — RK) dG (6) > 0.

Interestingly, longer horizons and repetition of the policy game do not help provide
the government with incentives to finance inefficient investments ex-post. This is because
if the good equilibrium can be uniquely implemented in the best sustainable equilibrium,
then this is also true in the worst. Therefore, there are no dynamic gains that can provide

incentives. See Barthelemy and Mengus (2022) for a general version of this argument.

4 General mechanism

So far, we have relied on a market-based mechanism where dispersed information is
aggregated through prices which serve as the only way through which the government
can learn about the state. Government interventions are therefore functions of market
outcomes, namely B and . An alternative way for the government to learn about the
state is to use a general mechanism where the manager and the investors send a message
to the government. In this section, we show that the market-based intervention described
above cannot be improved upon by a general mechanism.

To ease notation, in this section we assume that v = 0. A mechanism M = (M,y) is a
message space M = [ ;. o.1) M x M, where M denotes the message space of investor i and
M' the message space of the manager, and an outcome functiony = (1, k, 1, 'n1, X1, XN1)
M — RS where t(m,m) € [0,1] denotes the investment decision and k! (m,m), the
contribution of investor i, ri (m, m,y) and x; (m, m,y) denote the payoffs to the investor
i and the manager if investment takes place, and i, (m, m) and xn (m,m) denote the

payoffs if no investment takes place.
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A mechanism is feasible if

if 1 (m, m) =1 then / k' (m,m) di > K, (18)
[t imom oy diex tmmy) <, (19)

and
/Tli\u (m,m) di+xnp(m,m) <0 (20)

where y = (0, ¢). The first constraint says that investment only takes place if at least K
units of resources and raised while the second two require that the payoffs to the manager
and investors are resource feasible in each state. Finally, we require that a mechanism

satisfies the manger’s limited liability constraints,

x1 (m,m,y) >0, xn1(m,m,y)=>0. (21)

A mechanism M induces a reporting game with the following timing: First, each investor
receives a noisy signal of 0: 0" = 6 +u' with u* ~ N (0, 0,,) while the manager observes .
Next, the managers and investors report (m, m'). Given the message profile, investment
and payoffs are determined according to y. Thus, a reporting strategy profile (m, m) is an

equilibrium of the reporting game induced by M if and only if

m(0) e argmﬁ%x/L(m,m(e))/xI (m,m(0),y)dP (y|6 +v)dG (0,v)

+ [ (1= mm (0))) xur (. m (6) ,v) 4G (0.) 22)
and
e (0-+ ) € argmax [ 4(me,my (6)) K~ ki (my, m_ (6)) 3)
n %/m (my,m_; (8),0+¢)dF (¢)| dG (616 + wy)

+ / (1—1t(my,m_;(0)))KdAG (0|6 + uy)

where the first condition is the incentive compatibility constraint for the manager and the
second the analogous constraint for the investors.

We now consider the outcomes that can be implemented by a mechanism. We focus
on investment outcomes. As in the previous section, we let o (8) be the probability that
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investment project 0 is undertaken. A mechanism M implements the outcome o if there is
an equilibrium reporting strategy profile (m, m) of the reporting game induced by M such
that 1 (m (6) ,m(0)) = o (0) for all 6. We say that the mechanism uniquely (or strongly)
implements the outcome function o (0) if such reporting strategy profile is the unique
equilibrium of the reporting game induced by M.

Proposition 4. There exists no mechanism that uniquely implements the efficient allocation if

investors have noisy information about fundamentals ©.

Suppose by way of contradiction that there is a mechanism M that uniquely implements
the efficient allocation with o (0) = 1if ® > RK and o (0) = 0 if © < RK. First, we show that
the investment decision cannot depend only on the manager’s report. To see why, suppose
we have an investment rule ( (m, m). Consider a manager with 6 < RK. The manager’s
value with no investment is then xn; = 0. Thus, such manager will always have incentives
to report a message such that investment take place with positive probability even if
0 < RK. This is because to induce investment when 0 > RK, it must be that x; > 0 for
some realization of y.

Thus, the mechanism must elicit some information from the continuum of investors.
Consider 0y for which it is optimal to invest and 6; = 0y — a for which it is not optimal
to invest. By the argument above, we can abstract from the manager’s report since it
will always make a report that leads to investment. Let my = {mi (GH + ui)} and
mp = {m' (81 +u') } be the equilibrium report profile sent by the investors in these two
states. Under the assumption that the efficient allocation is the unique outcome then

t(mu) =1, (my) =0.
But now, fixing the mechanism, consider these alternative reporting strategies
m' (6') =m' (6" —a)

If the mechanism is anonymous i.e. it depends only on the distribution of reports, then
m' is an equilibrium reporting strategy because no agent i can affect the equilibrium
outcome. This implies that the mechanism implements another outcome other than the
efficient allocation because 1 ({m' (8 +u')}) = 1(m) = 0.

Suppose now that the mechanism is not anonymous. In particular, consider the ex-
treme case of a dictatorial mechanism. That is, the investment decision is determined
by the report of one agent only. Since signals are noisy, the designer will not learn the
true 0 and there will be cases with inefficient investments or efficient investments not

undertaken.
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More generally, consider any mechanism that only depends on the reports of a subset
of investors J C I. A necessary condition to implement the efficient allocation is that the
mechanism designer needs to know 6 with certainty. But then, this implies that J must
be a continuum. In this case, using an identical argument to that above we can show that
since no agent is pivotal, multiple coordination equilibria exist.

If the signals received by the investors are perfectly informative, o,, = 0, one can design
a mechanism that uniquely implements the efficient outcome by making any investor
pivotal. For instance, let M' = © and make agent i* be the dictator so

1 mY >RK

0 o/w

t(m) =

and let

. - . K m‘ > RK
1 (0) =y, T;(0)=0, k'=
0 o/w

Investor’s i*’s reporting strategy then solves

max L (m, m_;) (19) + (1 —t(m,m_;)) K=max {16, K}
m R R
Thus, investor’s i* will report m > RK if and only if © > RK. This is the unique reporting
strategy as it does not depend on the reporting strategies of other agents. Thus, the
efficient allocation is uniquely implemented.

Note that the market mechanism is not a special case of the general mechanism we just
described. When investors receive a noisy signal 8 = 6+u' and there are no noise traders,
the equilibrium price is fully revealing about the state and individual investment decisions
do not depend on the signal 6. Thus, we cannot recast the competitive equilibrium as
a reporting game where investors report a (6') and the outcome functions depend on
equilibrium prices as a sufficient statistic of the profile of reports. We conjecture that there
is a mapping between the market mechanism and the general mechanism in the presence
of noise traders as in Grossman and Stiglitz (1980) or the more recent analysis in Albagli
et al. (2021).

5 Moral hazard

We now discuss how the intervention affects managers’ incentive to generate investment
projects. A large literature emphasizes the potential problem of interventions and bailout

policies for incentives as in the seminal paper by Kareken and Wallace (1978). These
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concerns are only partially operating in our environment. The best robust policy can in
fact increase incentives to exert effort ex-ante because it ensures that good projects are
implemented and therefore rewards the manager’s effort.

To see this, suppose that the manager can take an action that affects the value for 6.
Say 0 € {0;,0}and 6; < RK < 0. Without any intervention, the manager’s problem is

mngf(GM) C/max{ﬂ(e, ¢)—B*(0),0}dF (¢) —c(a)

0
= mC?XZf(em) (6 —RK) —c(a)
]

where ( is the probability that investors coordinate on the good equilibrium. As we
showed in Section 2, ¢ € [0, 1]. Thus, the private equilibrium effort a can be anything from
0 to the efficient level a*, a* = argmax, ) 4 f(6]a) (6 — RK) —c (a).

Under the optimal robust policy in Section 3, if 6 = 0, the manager’s value converges
to (6 — RK); if 6 = 0; the manager’s value is greater than 0 but it converges to 0 as h, — 0.
Thus, under the sequence of intervention policies that approximates the efficient alloca-
tion, effort a is going to be lower than a* along the sequence but a — a* as h,, — 0
and the probability of supporting inefficient projects goes to zero. Thus, the intervention
increases effort relative to the worst case scenario in the private economy without inter-
vention. Conversely, it reduces incentives to exert effort relative to the best case scenario
for the market economy but this effect vanishes as the probability of financing inefficient
projects vanishes.

The next proposition summarizes this argument:

Proposition 5. Along the sequence of intervention policies that approximate the efficient allocation
described in (13),0 < a,, < a* but a,, - a*as h,, — 0.

Suppose manager can take an action that affects the value for v. Then, absent gov-
ernment intervention, there could be over-production in v because the manager values
the benefits of restricting the set of states where multiplicity can take place. In this case,
a < a®l but a®? > a* = 0. Thus, the optimal robust intervention is welfare improving
in this dimension by reducing the excessive amount of effort in private equilibria. For
example, for fear of bad equilibrium, private agents may produce too much collateraliz-
able assets or — thinking more broadly — borrowers may issue too much long-term debt
in economies with rollover risk as in Cole and Kehoe (2000). The optimal intervention

reduces these incentives.
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6 Conclusion

We study an economy where coordination failures lead to multiple equilibria. We show
how a government that lacks information about the state of the economy can use informa-
tion contained in prices to uniquely implement an outcome that approximates the efficient
one arbitrarily closely. The government does so by committing to fund projects that are
ex-post inefficient with a small probability. This paper highlights the complementarity
between markets and government interventions: markets aggregate information and the
government, a large player, ensures that there are no coordination failures.

We expect that the arguments in this paper to extend to other economies where non-
convexities and increasing returns lead to multiple equilibria, for example, industrial
policies in the presence of external effects as in Sturm (2022). One area that deserves
further study are economies in which multiplicity arises due to dynamic coordination
problems. We study this problem in a companion paper, Dovis and Kirpalani (2023).
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Appendix

A Proof of Proposition 3

We construct a sequence of intervention policies and show that the sequence of induced
equilibrium outcomes converges to the efficient allocation. Thus, this class of interven-
tion policies can uniquely implement an outcome which approximates the efficient one
arbitrarily closely.

Fix any z* and corresponding B = B* (z*) where B* (z*) is defined in (3). For some
h, € (0,1) define

(R—1)

= qm+hn(q* (z) —q).

Mn (B, q)
Recall that in order for an outcome to constitute an equilibrium, from the investors opti-

mality condition (12), it must be that

(R—1)

nn (B, q) “9A B —q

Thus, if z = z* then, given the definition of n,,, we have an equilibrium iff q* (z*) — q = 0.

Thus, there exists a unique equilibrium outcome: q = q* (z*) = A (z*,B) /Rand 0 = 1.
Consider now z # z*. The relevant case is if z < z*. Suppose that a firm with this z

issues B = B* (z*) # B* (z), where B* (z) > 0if ® > RK and B* (z) = 0 if 6 < RK. In this
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case, the equilibrium price solves

l(q) =r1(q) (24)

where
(R—1)

A(Z’*7B) _q

(R—1)

= AlzBl-q

+hn(q"(z)—q), 7(q)=gq

Note that 1 (q) and r (q) are increasing, continuous, and convex functions of q. Moreover,
1(0) > r(0) and 1 (1) < r(1). Thus, there exists q such that 1 (q) = r(q). The solution is
also unique because of the convexity of 1(q) and r(q). Given n, (B, q), define q, (z,z*)
to be the corresponding solution to (24) and 7, (z,z*) to be the implied intervention
probability.

Next, we show that 1j,, (z,z*) and g (z,z*) converge to zero as h,, — 0. To this end,
rearrange (24) as

f(qn (z,2"))

=R G ) —an 2, 2))

(25)

where

q q
A(z,B)—q A(z*,B)—q

and, because A (z,B) < A (z*,B),

A (z,B) _ A (z*,B)
(A(z,B)—q)® (A(z*,B)—q)

f'(q) = 5 > 0.

From (25), as h,, decreases, it must be that q,, decreases since f(q) /(q* (z*) — q) is in-

creasing in q. Thus, {qn (z,z*)}is a decreasing sequence. Suppose by way of contradiction

that it converges to something strictly positive. Then the right side, f (q) / (q* (z*) — q) , is

strictly positive and we have a contradiction. Thus, q, (z,z*) — 0 and so does 11, (z,z*).
Summing up, we have shown that

1 ifz>z*
lim A, (z,2") = (26)

hn—0 0 ifz<z*

We now turn to construct the series for debt issuances. For any debt level in range of
B* (z), we can define o,, (z, B) =1, (z,z*) where z* is such that B = B* (z*). We now have
to check the incentives to issue debt for a manager with (6, v). The optimal debt solves

B, (0,v) =arg  max on (0 +v,B) [/max{ﬂ(e +v,e) —B}dF (e) —v| +v. (27)

BerangeB*(-)

By construction, this level of debt satisfies the incentive compatibility constraint (9).
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Thus, the constructed sequence {0, (B,q),qn (B,0,v),B, (6,v)} is feasible for the
problem in (10) for any h,, > 0. Next, we show that the equilibrium outcome must
converge to the efficient allocation. Note that if a manager with 6 > RK issues B = B* (z*)
then he will find it optimal to request assistance as (7) holds. Therefore, if the manager
chooses the debt level associated with the good equilibrium, B* (z*), the efficient outcome
is the unique equilibrium outcome.

We now show that {B,, (6,V)} converges (point-wise) to B* (6 +v) for all 6 > RK. To
see this, fix (0,v) such that & > RK. Consider any A > 0. If the manager chooses
B = B* (0 + v) then the manager’s value is V* (8,v) = 6 — RK 4+ v. Clearly, it will never
be optimal to choose B > B* (0 4 v) as this only increases repayments. If the manager
chooses B < B* (6 +v) — A, the manager’s value is

Va=0,(0+v,B) {/max{n(e%—v,s)—B}dF(e)—v +v

<on(0+v,B"—¢)0+v

because oy, (0 + v, B* — A) is strictly increasing in B, so 0, (6 +v,B) < 0, (06 +Vv,B* — A)
for all B < B* — A. Since {0y, (0 +v,B* — A)} converges to zero, there exists N such that
on (0+v,B*—A) < 6 for all n > N, where 6 is defined as 6 = (6 — RK) /0. Thus, for
allm > Nja, Vi, < V* and the optimal B,, (6,Vv) in (27) cannot be less than B* (6,v) — A.
Therefore, for any A > 0, there exists N, such that for all n > N we have [B* (0,v) —
B, (0,v)| < A. Thus, By, (6,v) converges to B* (6, v) for any 6 > RK.

For 6 < RK, if v is small enough, it may be optimal for the manager to issue B > 0 in
order to induce intervention on the part of the government. However, by (26), when h,, is
close enough to zero, the probability of such an intervention is close to zero.

Summing up: we show that as h,, — 0: i) if 8 > RK then B,, (6,v) — B* (0 +v) and
on (0+v,B,(0,v)) — 1;ii) if 8 < RK then 0,, (6 + v, B,, (6,v)) — 0. Thus, in the limit the

welfare converges to W* and we can uniquely approximate the efficient allocation. Q.E.D.

B Dynamic model

We now consider a dynamic version of the economy to study the interaction between
private contracts and government interventions. We start with a simple 3-period version
of the model with t = 0, 1, 2. It is straightforward to show that our characterization holds
for any arbitrary horizon. As before, in t = 0 a manager with no funds attempts to raise
funds to finance an investment project that yields y; = 7 (6, €;) in period 1. In addition,
in period 1, the manager has available another project which also requires an investment

K in period 1 and yields output y» = 7 (04, €3) in period 2. We assume 6, and 6, are
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independent. Private investors and the manager observe 0, in period 0 and 9, in period
1. Production efficiency dictates that a project should be funded if and only if 6, > RK.

Private equilibria In period 0, a manager with a project 6, offers an amount B of
contracts that promise a state-contingent return {Ro; (y1,61), Roz2 (Y1, 01,y2)}. Let qo be the
price of such contracts. In period 1, after observing (y;,0;), the manager can issue B,
new contracts to new investors promising a repayment Ry, (y2), which has price q;. If
investment is undertaken in period 0, feasibility requires that

doBo = K.
If investment is undertaken in period 1, feasibility requires

K+ BoRo1 (y1,61) ,
BoRo2 (Y1, 01,Y2) + B1R12 (y2)

Yy +q1By

P
Yo 2

and if there is no investment y; > BoRy; (Y1, 01). Critically, we assume that Ry (y1,6:) > 0
so that period 0 investors cannot be forced to make payments in period 1. Alternatively,
we could assume that they have zero endowment in period 1.

Proposition 6. In period 0, if 6, > RK then an equilibrium with investment in period 0 always
co-exists with one without investment; if 0y < RK depending on equilibrium selection in period 1,
there may be an equilibrium with investment. In period 1, conditional on investment in period 0,
if 01 > RK, an equilibrium with investment co-exists with one without investment if and only if
y; < K.

In period 1, there can be multiplicity if and only if y; < K and the manager needs to
rely on new external funds to finance the investment. In fact, suppose that there is a state
(y1,01) withy; > Kand 6; > RK where the manager relies on period 1 investors to fund
the investment and with some positive probability there is coordination on the equilibrium
outcome without investment. If this is the case, then it must be that Ry; (y;,0;) = R and
available funds are less than K, y; — R < K. This cannot be part of an equilibrium because
the coordination failure can be avoided by setting Ry; (y1,0:) =y — K > 0 and delaying
payments until period 2 by setting Ry, (y1, 0;) such that [ Ry (yy, 01,7 (01, €2)) dF (e2) = RR.
Finding such delayed payments is feasible because 8; > RK and R < K. Clearly, the
manager is better off delaying payments and investing since he is the residual claimant of
output. If y; < K, the constraint that Ry, (yi,6:1) > 0 requires that the manager must raise
at least some funds from period 1 investors. Thus he is exposed to coordination failures

as in Section 2.
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The above argument implies that private equilibrium contracts must involve the delay
of payments in periods in which period 1 investment project is profitable. This is possible
also if contracts cannot depend on 0, because it is not verifiable. In this case, the manager
can issue state contingent debt that promises to repay in period 1 contingent on y; only,
Ro1 (Y1) but with the option to delay or rollover the payments until period 2 upon investing

in the new project and repay RIS' (y;) implicitly defined as

Ro1 (91) = /Hlln {T[(RK, 8) ,RTOH (91)} dF (8) .

We call this the rollover option. The manager will only exercise the rollover option if

0; > RK. In fact, the manager’s payoff for exercising the option is
1
V(0 =y — K+ ¢ /max {m(01,¢) —R™" (y1),0} dF (e).
Thus, if 8; < RK

1
Vol (g,) <yl_K+E/max{T{(RK,€) __ Rrou (yl),()} dF (¢)

R
=1Y; — Rn (Ul)

:yl—K+l [/H(RK,E) dF (¢) — Ro1 (Y1)

— Vnofroll

If instead 0, > RK, a symmetric argument implies that exercising the rollover option is
better than no investment in period 1:

Vroll (e) >y, — R01 (Ul) — Vno—roll.

Note that the rollover option does not have to be necessarily exercised in equilibrium for
ensuring that all projects with 0, > RK are undertaken. The mere existence of this option
rules out coordination failures in period 1. In fact, an individual investor is assured that
even if other new investors do not invest, the manager will exercise the option. Thus, the
equilibrium is unique. In the case proposed above, the manager does indeed prefer to
issue new debt from period 1 investors because it can do so at a lower interest rate than
R (y;) if 81 > RK. This because R™'"! (y;) must be sufficiently high to prevent manager
with 6; < RK to roll over the debt repayments and gamble for a high realization of y
when 0, is not contractible.

Multiplicity in period 0 is similar to the two-period version, but in the multi-period
economy there can be equilibria with over investment while in the two-period economy,
the bad equilibrium always has under investment. In particular, in the multi-period
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economy there are equilibria with 6, < RK and investment being undertaken in period 0
to reduce set of states where multiplicity can arise in period 1. To see this, assume that
in period 1 investors coordinate on the bad equilibrium for sure. Thus, the value for a

manager with 8, < RK is 0 if there is no investment. If instead he invests in period 0 his

1 1 1
—|K—=0 +—/ / (—K+—9)dF£ dG (0
( R 0) R Jr(00.e1)>K Joy>RK R’ (1) dG(8:)

This value can be positive if the option value of investing in period 1 is sufficiently high.

value is

This is an example of when inefficient over-investment in private equilibria can arise to

increase the collateral value, as discussed in the last paragraph of Section 5.

Robust intervention We now show how the government can uniquely implement an
allocation that is arbitrary close to the efficient allocation using a scheme similar to the
one described for the two-period economy.

Proposition 7. There exists a policy that can approximate the best outcome arbitrarily closely.
This policy commits to ex-post inefficient investments with some strictly positive probability in
period 0 and in period 1 ify, < K. The optimal scheme does not make any transfers to investors.

To minimize the amount of intervention, the government commits to provide assistance
only to managers that issue debt contract with the rollover option. In particular, 1, (Bo, qo)
is the same as the two-period case, whilen; (By, qo, Y1, B1, q1) equals to zeroif y; > Kand it
is equal to the one in the two-period case whenever y; < K. The government intervention
does not make any transfers to debt holders.

To understand how this intervention scheme approximates the efficient allocation,
consider first period 1. As shown above, if y; > K there is a unique continuation private
equilibrium that corresponds with the efficient one. Thus, there is no need for government
intervention, The government will then commit not to intervene whenever y; > K.

Suppose now that y; < K. In this case, the environment is identical to the two-period
one described in previous section except that the amount of resources to be raised is
K 4+ Ro1 (y1) —y1 > 0. Thus, absent government intervention there are two continuation
equilibria. The government can use an identical policy to the previous section to uniquely
implement an allocation arbitrary close to the efficient outcome with some vanishing
assistance for inefficient project.

It is important that the intervention in period 1 does not insure period 0 investors
against the realizations of y;. This is because of two reasons. First, insurance will affect
the information content of debt prices in period 0. In particular, full insurance will make

period 0 price insensitive to 6, and therefore the government cannot use prices to learn the
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investment profitability. > Second, the government does not want to subsidize investment
in the bad project in period 0. If the government provides any transfers to period 0
investors, it incentivizes investment in investment projects with 8, < RK. And so not
providing transfers avoids the usual over-investment issue inherent in models with moral

hazard and bailouts.

3See Dovis and Kirpalani (2022) and Bond and Goldstein (2015) for economies where interventions affect
the information content of prices.
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