
MARKET FREEZE, SIGNALLING-BY-WAITING, AND OPTIMAL

GOVERNMENT INTERVENTIONS

ASHUTOSH THAKUR

Abstract. We try to understand how the signalling by waiting mechanism

functions in a multi-period model to overcome adverse selection in markets, and
then, we evaluate both the relative costs and the efficacy of various government

intervention policies: changing interest rates, quantitative easing, bailouts, and

TARP. We find that the optimal government intervention to a market freeze
depends on the degree of adverse selection in the market.

1. Introduction

The topic is motivated by the asymmetric information problem often faced by
buyers in a market, famously depicted in Akerlof’s Market for “Lemons” (1970);
however, it is particularly relevant to the recent market breakdown and economic
slump in the United States. The 2008 financial crisis was partly triggered by the
development of new, complex financial innovations—such as mortgage-backed se-
curities and collateralized debt obligations—whose pay-off schemes were so compli-
cated that their exact valuations could not be deciphered by the buyers (and some
would argue sometimes not even by the sellers themselves). Thus, a typical adverse
selection concern led to a classic market freeze in these asset classes. The govern-
ment responded with various policies including substantial bailouts, quantitative
easing schemes, and the Troubled Asset Relief Program (TARP) in the hopes of
overcoming adverse selection, rejuvenating the market by providing ‘credible’ sig-
nals to buyers, and injecting liquidity into the system to jump-start the economy
from its downturn. We model such a market and consider the implications of such
governmental interventions.

In this paper, we analyse the notion of adverse selection, or the undesired in-
efficiencies arising in markets due to asymmetric information between buyers and
sellers. Complete and symmetric information amongst market participants is not
always a reasonable assumption to make; in practice, information is often different
for each agent. Thus, imperfect information (a player doesn’t know what other
players have done before hand) and incomplete information (a player doesn’t know
other player’s complete characteristics) are often at the heart of economic interac-
tions. In the case of asymmetric information, uninformed players worry that the
informed players have incentives to exploit their informational advantage and mis-
lead the uninformed players in order to extract surplus. Hence, this suspicion on
the part of uninformed players, leads to overly cautious actions and an inefficient
equilibrium in the market.

Date: February 20, 2015.
A special thanks to Yuliy Sannikov, Stephen Morris, Matias Iaryczower, Nemanja Antic and

Rohit Lamba for their guidance and comments.

1



2 ASHUTOSH THAKUR

In our model, while sellers are informed about their own asset’s valuation, buyers
cannot decipher the quality of a given asset in the market. Each seller signals his
asset’s worth by either selling now or waiting for another period (at the risk of his
asset defaulting in the interim). We assume all types of assets are valued more by
buyers than by sellers. However, despite this dynamic signalling mechanism, the
market equilibrium is often inefficient: taking too much time for the assets to be sold
and not being able to sell all assets to buyers in the market. To overcome these
shortcomings, the government intervenes with policies such as changing interest
rates, quantitative easing, bailouts, and government asset purchases to alleviate
the market freeze. We find that when buyers’ valuations of the assets are high
and asymmetric information is less of a problem, it is most cost-efficient for the
government to allow the market to function by itself in the early periods and then,
to step in at the end and purchase the remaining unsold assets from the sellers.
However, when buyers’ valuations of the assets are low and adverse selection arising
from their informational disadvantage is rampant, it is most cost-effective for the
government to commit to providing bailouts to buyers whose assets default at the
last time in which the market functions.

Our simple model consists of a market for assets with different pay-off distribu-
tions. An asset defaults with probability θ in each period and there is a continuum
of such assets on the probability space of θ (i.e., there is an asset for each θ ∈ [0, 1]).
The market consists of buyers and sellers. Each seller is endowed with one asset
and is aware of his asset’s θ value; however, the buyers do not know the θ value
for any given asset which is offered in the market. The buyers’ prior belief is that
each asset has default probability which is uniformly distributed on [0, 1]. The
market operates for n periods marked by times t1,t2,...,tn+1; at time tn+1, if the
asset has not defaulted, it pays 1 to whoever holds the asset. At each time ti for
all 1 ≤ i < n+ 1, the buyers post a market price Pi, and sellers can either sell the
asset for Pi at ti or wait for a period. If a seller sells his asset to a buyer, the asset
can no longer be re-sold on the market. The discount factor in each period is δ > 0.

We assume the condition that the buyers are the ‘natural’ owners of the asset in
that they value the assets more than the sellers, so there are always positive gains
from trade under complete information. Assuming that buyers always outnumber
sellers, we normalize the seller’s utility to be the discounted value of the asset with
default probability θ and set buyer’s utility for any asset with default probability
θ to be the discounted value of the asset with default probability θb for some fixed
0 ≤ b < 1 (assume all buyers are identical with unit demand and same benefit
value b). Furthermore, we assume that all the gains from trade are accumulated
to the sellers. These stylized assumptions are necessary to ensure that buyers have
incentives to buy and sellers have incentives to sell in the market.

In this dynamic setting, each seller overcomes the asymmetric information prob-
lem by signalling to the buyers his asset’s worth (i.e., distribution of pay-off) by
waiting: not selling at the current price at the current time. For the seller, waiting
is costly (i.e., risky) because the asset may default in the interim period between
the current time and the next. However, waiting is a riskier option for those sellers
who hold weaker assets (i.e., higher θ assets). Therefore, at each time, impatient
sellers who face a higher risk of default will sell at the current time, while those
sellers who can afford to be patient will wait for the next period. Thus, we reach an
equilibrium where weaker assets are put on the market at earlier times and sellers
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with stronger assets (low enough θ) signal their asset’s superiority by putting assets
on the market at later times (if at all). Since stronger assets are sold in the market
at latter times, the prices at subsequent times are strictly increasing.

We develop this multi-period model and once we have solved for such an equilib-
rium, we consider the implications of various government interventions and policy
options on this equilibrium. What is crucial to understand is that overcoming
adverse selection by waiting can be a long, drawn-out process. It may be in the
government’s (and also the buyer’s and seller’s) interest to expedite this process
and resolve institutional pressures such as systematic lack of liquidity, low velocity
of money, etc., even if it may come at a cost for the government.

These pressures are particularly hard-felt during times of economic crisis or un-
certainty. For example, if prominent financial institutions such as banks, which play
a pivotal role in getting an economy out of a recession, face liquidity constraints
because they are sitting on complex legacy assets such as MBSs and CDOs, the
system becomes unresponsive to other government policy and the recession may
loom around for longer.

Thus, we analyse how government policies such as changing interest rates, quan-
titative easing, bailout plans, and Troubled Asset Relief Programs could affect the
market outcome. The multi-period setting allows us to consider government com-
mitment and renegotiation of contracts which hold great significance when reces-
sionary period is prolonged. We consider the moral hazard implications of bailout
plans and whether they skew market functioning. Furthermore, we consider how
the government can buy some risky assets and sell them in separate markets to
overcome adverse selection and lower government costs and risks. The possibilities
for market design here are quite rich and the model yields important implications
for optimal government and monetary policy responses to alleviate market freezes
and combat economic downturns.

2. Literature Review

In the early 1970s, the works of Akerlof, Spence, and Stiglitz involving informa-
tion asymmetry proved to be a watershed moment in the development of market
theory and game theory modelling. Economic theory prior to this work was fo-
cused on modelling in purely competitive environments with general equilibrium
models assuming equally informed agents with same information sets. However, as
was pointed out, perfect and complete information are seldom practical assump-
tions when attempting to model reality. Collectively, these three papers under-
scored that information asymmetry between agents is fundamental in every market
transaction: whether between borrowers and lenders, employers and employees, or
insurance companies and insured.

Akerlof (1970) highlights the difficulties buyers face while discerning quality of
goods offered by sellers in the market due to trading under asymmetric information.
Informational asymmetry arises from sellers being privately informed about the
quality of their assets; whereas, buyers are not able to discern the quality for any
given asset in this “market for lemons.” Both buyers and sellers value the asset
based on the underlying quality; however, this asymmetry of information leads to a
market equilibrium where only low-quality assets are traded, despite buyers willing
to pay a premium over the seller’s reservation price for each asset. With the advent
of information asymmetry, price theory in markets became increasingly concerned
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with where information resided and how inferences were to be made using signalling
(actions taken by the informed party) and screening (actions initiated or required
by the uninformed party) mechanisms. Spence (1973) models a labor market where
employees can signal their marginal productivity of labor by enduring the cost of
education and since employers can observe education levels of workers, there exists a
self-fulfilling equilibrium based on offering different wages corresponding to different
education levels. Rothschild and Stiglitz (1976) model market interaction between
an insurance company and its clients, where the insurance company is uninformed
about its client’s risk-types (high or low). Clients who are of the high risk type have
incentives to not divulge this private information to the insurance company. Thus,
the insurance company screens and separates the two types of clients by offering
a menu of insurance schemes: for example, in the separating equilibrium the high
risk individuals purchase full insurance and low risk individuals purchase partial
insurance.

We consider what is fundamentally the very same problem of adverse selection
arising from asymmetric information, but in a multi-period setting. The signalling
mechanism in our model is the seller’s decision of whether to put the asset on
market in the current period or whether to wait. Our analysis of government in-
terventions considers the consequences of screening and separating mechanisms in
hopes of overcoming the problem of adverse selection. In a sense, many similar
dynamics arise in our approach and in the literature on repeated bargaining under
incomplete information.1 However, our model deals with the interplay of asymmet-
ric information in a market setting with many buyers and sellers trading different
quality assets over multiple periods.

Dynamic adverse selection models in market settings have been analysed to a
much lesser extent. Kremer and Skrzypacz (2005) analyse a base model which is
a bit similar to ours, with a costly signalling by waiting mechanism undertaken by
sellers in a dynamic setting; however, this paper is concerned with the impact of in-
formation revelation about assets from external sources on the market equilibrium.
Daley and Green (2011) consider the interplay of gradual information aggregation
and market rejuvenation in a continuous-time model. Fuchs and Skrzypacz (2013)
show that in some cases efficiency can be improved in the market for ‘lemons’ by
temporarily closing markets rather than allowing continuous trading. Perhaps the
closest paper to our model is Jenssen and Roy (2002) which concludes important
limiting results of our model. Namely, that our price mechanism sorts sellers with
higher quality assets to enter the market in subsequent periods causing the price
and average quality of goods traded to increase over time.2 Our paper is however
more concerned with the welfare and efficiency of this price mechanism.

As a direct consequence of information asymmetry in markets, there has been
a fundamental questioning of the laissez-faire notion that markets unerringly lead
to most efficient outcomes (“Market Fundamentalism”). Recently, huge emphasis
has been placed on mechanism and market design to guide markets to yield the

1Repeated Bargaining models with one-sided private information most similar to our model
can be seen in Ausubel (1989), Gul, Sonnenschein, and Wilson (1986), Evans (1989), Fudenberg
and Tirole (1983), and Vincent (1989).

2See Camargo and Lester (2014) and Chiu and Koeppl (2011) for models of government inter-
vention against adverse selection, for markets with search frictions.
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‘wanted,’ efficient equilibrium outcome. Efficiency of markets with adverse selec-
tion has been studied by Wilson (1979) who concludes that allocation of goods
in the market for lemons can depend heavily on the pricing mechanism: whether
prices are set by sellers, buyers, or auctioneers. Fuchs and Skrzypacz (2015) study
government interventions in terms of taxes and subsidies with a dynamic adverse
selection model. Philippon and Skreta (2012) consider the impact of government
interventions in a static economy of borrowing and investment under asymmetric
information, concluding that the optimal instrument for interventions should mirror
the contracts used by participants in the private market. Tirole (2012) considers
the impact of government intervention— similar to TARP or Quantitative Easing
policies where the government buys the worst quality assets from the market—on
rejuvenating a market freeze plagued by adverse selection in a static model. In this
paper we study the effectiveness of this and other possible government interven-
tions in alleviating the two fundamental concerns of efficiency and welfare arising
from the multi-period signalling by waiting price mechanism: how to expedite the
time it takes for this entire mechanism to clear the market and how to mitigate the
problem that in a finite number of periods, not all the assets might be traded.

3. Two-Period Model

We will focus on a simple two-period version of our model with n=2.3 Thus we
consider the discrete time space: t1—t2—t3 (i.e., the market operates at times t1
and t2 and assets which do not default, pay 1 at time t3 to their owners). Let P1,
P2 be the market prices at times t1 and t2.

Figure 1. Two-Period Model Tree.

Consider the cut-offs 0 ≤ x1 ≤ x2 ≤ 1 dividing the θ space into three intervals:
[0, x2), [x2, x1), and [x1, 1].

Assets with θ ∈ (x1, 1] are put on market at t1, assets with θ ∈ (x2, x1) are put
on market at t2, and assets with θ ∈ [0, x2) are never put on market by the sellers.
This model lends itself to 4 conditions in 4 unknowns: x1, x2, P1, P2:

3See Appendix B for generalization to n-periods; however, we will focus on the two period
model in this paper as it provides all of the crucial intuition and results.
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Seller with asset θ = x1 is indifferent between selling at t1 and t2

P1 = δ(1− x1)P2 (1)

Seller with asset θ = x2 is indifferent between selling at t2 and not selling

P2 = δ(1− x2) (2)

P1 equals the average value of buyer’s expected valuations of assets with θ belonging
to (x1,1] which are put on the market at t1:

P1 =
1

1− x1

∫ 1

x1

(1− θb)2δ2dθ (3)

P2 equals the average value of buyer’s expected valuations of surviving assets with
θ belonging to (x2,x1) which are put on the market at t2:

P2 =

∫ x1

x2
(1− θb)δ( 1

x1
)dθ

x1−x2

x1

=
1

x1 − x2

∫ x1

x2

δ(1− θb)dθ (4)

One must note that since buyers earn zero expected net surpluses, they are
indifferent between buying at any time and not buying at all.

The only equilibrium solution which falls in the relevant range, xi ∈ [0, 1] and
b ∈ [0, 1), is

x1 =
−b3 + 5b2 −

√
3
√
−(b− 1)2(b4 − 4b3 + 4b2 − 12)− 6b+ 6

2b(b2 − 2b+ 3)
(5)

and

x2 =
b

2− b
∗
−b3 + 5b2 −

√
3
√
−(b− 1)2(b4 − 4b3 + 4b2 − 12)− 6b+ 6

2b(b2 − 2b+ 3)
(6)

From the equilibrium solution set graphed in Figure 2, we observe that at b = 1,
the model breaks down as buyers no longer value the assets more than the sellers
and thus there is no incentive for trade in the market in equilibrium (we ignore
this case). Furthermore, in equilibrium, as b increases (i.e., the buyers considers
the asset to be riskier), both x1 and x2 increase to 1, thus there are less assets sold
on the market in equilibrium. However, as b becomes very small (i.e., the buyers
consider assets to be less risky), both x1 and x2 decrease to 0, thus more and more
assets are sold in the market at an earlier time.

The most important take-away from this equilibrium is that despite establishing
a market mechanism where sellers are able to signal their assets’ valuations to un-
informed buyers through the selling-waiting action choice, market failures provoked
by the asymmetric information problem still remain. First, this price mechanism
takes time to work and this delays trade in the market despite market transac-
tions under complete information being weakly better for all buyers and sellers (as
b < 1). Second, for all b 6= 0 , x2 > 0, so not all assets are sold on the market de-
spite each asset being valued more by the buyers than by the seller. Consequently,
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Figure 2. Graph of x1 and x2 versus 0 ≤ b ≤ 1 in equilibrium.

since all assets are not necessarily sold on the market and because buyers are in-
different between buying and selling while all sellers are at least weakly better off
from trade, the equilibrium outcome is not necessarily socially optimal considering
overall welfare and utility maximization.

We can quantify these social welfare losses. Since only assets with default prob-
ability θ ∈ [x2, 1] are sold by t3, the total social utility lost in the market is (buyers
utility lost from unsold assets in the market)-(seller’s utility from holding unsold

assets)
∫ x2

0
(1−bθ)δdθ−

∫ x2

0
(1−θ)δdθ =

x2
2

2 δ(1−b). We note that the social welfare
loss is increasing in δ and decreasing in b (as buyers’ benefit from buying assets
falls, we find less social welfare loss from sellers holding on to assets and not selling
them on the market).

Government interventions try to overcome or alleviate these short-comings as
the government wants markets to work efficiently (markets clearing and operating
quicker) and provide socially optimal outcomes (all assets traded on the market
so that the surplus from buyers’ higher valuations are enjoyed by the sellers while
buyers are indifferent between buying and selling).

4. Analysis of different government interventions and policies

We consider both the positive and negative impacts of policies used in practice
as well as try to come up with the most cost-efficient, equilibrium-improving in-
terventions, since although the government can act as a sink and undertake heavy
losses, we want to limit these costs.

The 2008 global financial crisis led to many novel policy responses from gov-
ernments and independent central banks, especially in the United States. The au-
tonomous Federal Reserve, in charge of conducting monetary policy, faced a rather
peculiar problem this time around: the necessity to conduct expansionary monetary
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policy at the zero-lower bound for nominal interest rate (what economists, just a
couple years ago, had thought to merely be an academic curiosity which would not
occur in practice). When the conventional instruments for conducting monetary
policy—changing the Federal Funds Rate and conducting Open Market Transac-
tions in short-term securities to shift the yield curve—reached their limits of efficacy
and the recession still endured, the Federal Reserve was forced to venture into un-
conventional monetary policy. We will show the futility of conventional monetary
policy of changing interests (section 4.1) and then analyse the impact of uncon-
ventional monetary policies such as Quantitative Easing (section 4.2), large-scale
bailouts (section 4.3), and Federal Reserve loading its balance sheet with riskier
assets through TARP (section 4.4).

4.1. Changing Interest Rates: limits of conventional monetary policy.
Traditional monetary policy relies on manipulating the real interest rate, which
affects the discounting factors of all market participants: δ = 1

1+r where r = i− π
is the real interest rate, i is the nominal interest rate, and π is the inflation rate.
Conventional expansionary monetary policy involves decreasing the real interest
rate to discourage savings, incentivize borrowing, and promote investment and
consumption. The Federal Reserve lowered the nominal interest rate i, by decreas-
ing the Federal Funds Rate—the rate at which a depository institution lends funds
maintained at the Federal Reserve to another depository institution overnight—
and through open market operations by buying government bonds from banks so
that they have excess liquidity. By flooding banks with liquidity and making their
interbank-lending outside option unattractive, banks were incentivized to increase
lending to make profit and thus flood the market with excess credit supply putting
downward pressure on the nominal interest rate. However, this time around, the
nominal interest reached the zero lower bound, and hence could not be driven lower
to boost the economy. The Federal Reserve tried to affect inflation expectations
through Forward Guidance: attempting to convince the market that the central
bank will maintain a high inflation target, hence driving down the real interest
rate.

Our model partly explains why these efforts remained futile in alleviating the
market freeze. In our market mechanism, interest rate changes only affect price
levels (i.e. P1, P2), and not the volume of trade in the market, which is our
primary concern in overcoming the market freeze due to adverse selection.4 Despite
being a trivial result from the equilibrium conditions (5) and (6) since x1 and
x2 are independent of δ, this is a fundamental realization. Our model portrays
the inadequacy of conventional monetary policy to overcome the adverse selection
problem. Hence, although lowering interest rates supported higher prices for some
time, when the Federal Reserve couldn’t lower real interest rates further, they had
to undertake unconventional measures to overcome the market freeze, counter the
liquidity crunch, and prevent fire-sales from leading to a global contagion and panic.

4.2. Quantitative Easing: lowering risk premia. After it was clear that con-
ventional monetary policy would fall short in curtailing the 2008 financial crisis, the
Federal Reserve attempted to buy assets to lower risk premia across various asset
classes. We can consider our θ space to be a range of asset classes with increasing

4This result holds true regardless of whether or not the discount factor is same across periods,
as long as discount factors are common to buyers and sellers.
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risk premium as θ increases above θ = 0 (risk-free). After QE and Operation Twist
attempts to change the slope of yield curve both in the short and long horizons
proved insufficient in boosting the economy, attempts in QE1 and QE3 were to buy
riskier assets like MBSs to shrink the risk premia and stimulate the economy out
of recession. In section 4.4 we analyze the impact of asset purchases on the market
equilibrium; however, in this section we analyze how the market equilibrium would
change if the Federal Reserve were successful in lowering relative risk premia across
all asset classes.

We solve the more generalized equilibrium if buyers believe the assets to be
distributed with θ uniform on [0, c] for some 0 ≤ c ≤ 1. First, this will be helpful
when we consider the market mechanism for the assets which remain in the market
after the government has bought up the worst assets (with θ ∈ [c, 1]) by posting
some price Pgov. Second, we can interpret this as a shrinking of the risk premia
across the board for all asset classes similar to what Quantitative Easing was trying
to ideally achieve.

The equilibrium conditions become (1) and (2) along with

P1 =

∫ c

x1
(1− θb)2δ2( 1

c )dθ
c−x1

c

=
1

c− x1

∫ c

x1

(1− θb)2δ2dθ (7)

P2 =
1

x1 − x2

∫ x1

x2

δ(1− θb)dθ (8)

We find the equilibrium solution (xc1, x
c
2), shown in Figure 3, to be increasing in

c for any b.

Figure 3. For example, the equilibrium sets for c = 1 (normal)
and c = .5

We conclude that if the government can successfully buy some assets from the
market and shrink risk premia by shrinking the θ distribution of the assets from
uniform[0,1] to uniform[0,c] for c < 1, then more assets are sold in the market
leading to a more socially optimal outcome. This highlights the underlying impetus
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behind Quantitative Easing (shrinking risk premia) and TARP (where the weakest
assets will be sold to the government) policies.

4.3. Government Bailouts and Penalties to sellers and buyers. Due to con-
cerns that extensive losses faced by systematically important financial institutions
(SIFIs or colloquially, ”Too Big to Fail” or ”Too Interconnected to Fail”) would
endanger the entire financial system, the US government provided bailouts to fi-
nancial institutions to avoid insolvency, illiquidity, and contagion. In our model
we analyze the impact on the equilibrium if buyers or sellers are either partially
or fully compensated for their losses by the government and we touch upon many
interesting issues which naturally arise: Would the government be able to credibly
commit to provide a bailout? How would uncertainty of a bailout affect market
outcome? Would moral hazard be an issue which adversely affects the market? Is
it a better option (cheaper or more socially efficient) to bailout buyers rather than
sellers? Should the government offer disincentives to sellers for holding on to assets
by charging a fee if default occurs? Are disincentives stronger than incentives?

We make the sensible assumption that once assets default, they cannot be sold
on the market even if they will eventually get a bailout from the government (i.e.,
bailout promises by governments cannot be monetized on the market by sellers).

First, consider sellers being bailed out by the government which pays g at t3 to
sellers whose assets have defaulted while they held them. The equilibrium condi-
tions become

P1 = δ(1− x1)P2 + δ2x1g (9)

P2 = δ(1− x2) + δx2g (10)

along with (3) and (4).
We denote the equilibrium solution set by (xg1,xg2) where the superscript g denotes

the dependence on the size of the bailout g. Our equilibrium (Figure 4 left) indicates
that government bailouts to sellers (g > 0) cause moral hazard and exacerbate the
market freeze as sellers receive higher expected pay-offs from waiting and not selling
the asset. We see that xgi increases in g for all b; therefore, xg>0

i ≥ xg=0
i for all

b. In fact, with g > 0, there are some b values for which no assets are sold in
the market. Thus, even though government bailing out sellers against losses from
default marks a relatively common intervention used in practice, from a purely
efficiency/market-functioning perspective—leaving aside all contextual motivations
(such as too big to fail, too interconnected to fail, liquidity crisis, fear of ‘fire sales’
inflicting downward pressure on asset prices)—this policy intensifies the market
inefficiencies arising from asymmetric information. Moral hazard arises since sellers
are encouraged to hold on to risky assets and not sell them in the market given the
cushion of government bailout in case of default.

However, if the government inflicts a penalty or disincentive (i.e., g < 0) on sellers
who held assets which defaulted, then the equilibrium outcome (Figure 4 right) is
efficiency improving and more assets are sold on the market helping overcome the
market freeze since xg<0

i ≤ xg=0
i . In fact, for some g < 0, a significant number of

assets can be sold on the market even for high b values such as b = 1.
Interestingly, we find that it is more efficiency-enhancing and socially optimal if

the government provides bailouts of the same magnitude q = |g| in the last period
to buyers who hold assets which have defaulted. The equilibrium conditions become
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Figure 4. Left: the equilibrium sets for government bailing out
sellers for g = 0 (no bailout) and g = .15 (bailout). Right: the
equilibrium sets for government penalizing sellers holding defaulted
assets for g = 0 (no penalty) and g = −.15 (penalty).

(1) and (2) along with

P1 =
1

1− x1

∫ 1

x1

(1− θb)2δ2 + (1− θb)θbδ2q + θbδ2qdθ (11)

P2 =
1

x1 − x2

∫ x1

x2

δ(1− θb) + θbδqdθ (12)

Figure 5. For example, the equilibrium sets government bailing
out buyers for q = 0 (no bailout) and q = .15

This gives an equilibrium set (xq1,xq2) as shown in Figure 5—where superscript
q denotes dependence on bailout size q—with even more assets sold on the market
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as for q = g, xg>0
i ≥ xi ≥ xg<0

i ≥ xq>0
i . Thus, in order of least to most assets sold

on the market: government bailout of g to sellers, no bailouts, government penalty
of g to sellers, and government bailout of q = g to buyers, for all b.

We conclude that bailouts for sellers lead to moral hazard and obstruct market
functioning by provoking sellers to hold on to their risky assets (at the expense of
government bearing the risk/cost) thus leading to less assets sold on the market.
Instead, providing bailouts to buyers alleviates the market freeze and allows more
assets to be sold in the market. Although its plausibility is questionable, if the
government can penalize sellers for holding on to assets if they default, this also
alleviates the market freeze, and in this case, the government is better off since in
the process if makes an expected profit !

We note that for these interventions the expected costs/profits at t1 for govern-
ment are:

• If government provides bailouts to sellers, the expected cost for the govern-
ment is

Costg>0
gov = δ2

(
− g ∗

∫ xg>0
1

0

(1)θdθ − g ∗
∫ xg>0

2

0

(1)θ(1− θ)dθ
)

(13)

• If government provides penalties to sellers, the expected profit for the gov-
ernment is

Profitg<0
gov = δ2

(
g ∗
∫ xg<0

1

0

(1)θdθ + g ∗
∫ xg<0

2

0

(1)(1− θ)θdθ
)

(14)

• If government provides bailouts to buyers, the expected cost for the gov-
ernment is

Costq>0
gov = δ2

(
− q ∗

∫ 1

xq>0
1

(1)θbdθ − q ∗
∫ 1

xq>0
2

(1)(1− θb)θb)dθ
)

(15)

Having shown that bailouts for sellers are counter-productive in overcoming ad-
verse selection as they exacerbate the market freeze, and having acknowledged that
penalizing sellers for holding assets which default is impractical, we further pursue
the policy of bailing out buyers by considering how bailout packages can be struc-
tured dynamically. So far we considered government bailing out all assets held by
buyers which defaulted. In the next two sections, we consider government bailouts
for buyers with period 1 defaults only (Section 4.3.1) and period 2 defaults only
(Section 4.3.2).

4.3.1. Bailouts only for Buyers with Period 1 defaults. We consider government
providing bailout of q1 at time t3 only to those buyers whose assets have defaulted
in period 1. The equilibrium conditions become (1) and (2) along with

P1 =
1

1− x1

∫ 1

x1

(1− θb)2δ2 + θbδ2q1dθ (16)

P2 =
1

x1 − x2

∫ x1

x2

δ(1− θb)dθ (17)

We denote the equilibrium set by (xq11 , x
q1
2 ), shown in Figure 6, where superscript

q1 denotes dependence on bailout size q1.
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The expected cost for the government at t1 is

Costq1gov = δ2
(
− q1

∫ 1

x
q1>0
1

(1)θbdθ
)

(18)

Figure 6. For example, the equilibrium sets for government bail-
ing out buyers with period 1 defaults q1 = .15 and government
bailing out all buyers with defaulted assets in either period g = .15.

4.3.2. Bailouts only for Buyers with Period 2 defaults. We consider government
providing bailout of q2 at time t3 only to those buyers whose assets have defaulted
in period 2. The equilibrium conditions become (1) and (2) along with

P1 =
1

1− x1

∫ 1

x1

(1− θb)2δ2 + θb(1− θb)δ2q2dθ (19)

P2 =
1

x1 − x2

∫ x1

x2

δ(1− θb) + θbδq2dθ (20)

We denote the equilibrium set by (xq21 , x
q2
2 ), shown in Figure 7, where superscript

q2 denotes dependence on bailout size q2.
The expected cost for the government at t1 is

Costq2gov = δ2
(
− q2

∫ 1

x
q2>0
2

(1)(1− θb)θbdθ
)

(21)

4.4. TARP and Asset Buying with Segmented Markets. After the govern-
ment recognized the existence of a market freeze, particularly in asset classes such
as CDOs and MBSs, the Troubled Asset Relief Program was signed into law. Un-
der TARP, the government would enter the private market as a buyer, overpay and
buy troubled assets (assets with highest θ values) at some price Ptarp to provide
a signal to buyers, and leave the stronger assets in the market for private buyers.
Furthermore, the original TARP plan involved the government buying assets and
selling them in a separate market. The idea behind this policy was to ameliorate
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Figure 7. For example, the equilibrium sets for government bail-
ing out buyers with period 2 defaults q2 = .15 and government
bailing out all buyers with defaulted assets in either period g = .15.

the adverse selection in this market by creating multiple segmented markets which
(ideally) would only sell assets in smaller, known θ ranges so that the signalling by
waiting mechanism would be more efficient and more assets would be put on the
market in a shorter time. However in practice, the government acted differently.
Instead of establishing separate segmented markets or government auctions to of-
fload the risk, the government held on to these assets till maturity because market
hysteria had caused excess discounting of price in the market, hence they expected
to (and successfully did) make profit.

With the government offering a price Ptarp and hoping to mitigate adverse se-
lection by clearing the worst assets from the market, many important questions
naturally follow: (a) Does the government have to act as a sink and soak up losses
arising from market inefficiencies or can the government establish a segmented
market and offload these assets from their balance sheets? What are the costs for
government? (b) What is the optimal amount that government should spend? (c)
What should the government’s valuation/utility be from buying/holding these as-
sets and how does that affect the equilibrium? (d) How does the market get affected
if there is uncertainty of this policy? How does the market react if there is a fixed
budget for the government and funds are limited?

We assume that the government faces the same information asymmetry as other
buyers, can afford to take losses for social welfare, but would prefer to minimize
costs. It can be debated how applicable this assumption is: does government have
an informational advantage being a financial supervisor and regulator? We think
it is reasonable to believe that despite the government possibly having an informa-
tional advantage in the macro-level picture over average buyers, it generally is not
fully informed on the micro, or individual asset, level.

To impact the equilibrium, the government price must be higher than the pre-
vailing market price at that time. If this does not hold, then all sellers would prefer
market buyers over government. However, if government price is higher than the
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prevailing market price, these sellers (along with other sellers), would sell to the
government, and no private buyers would participate in the market at that time
because the price is too high and the government is overpaying for assets. Hence
TARP crowds out the private market. In the two-period model which we have
considered thus far, we analyse two possibilities: government purchasing assets at
time t1 for Ptarp,1 and government purchasing assets at time t2 for Ptarp,2.

4.4.1. Government Asset Purchasing Program Period 1. If the government pur-
chases assets at time t1 for Ptarp,1 ≥ P1, the equilibrium conditions are (2), (4)
along with

Ptarp,1 = (1− x1)δP2 (22)

which give us the solution:

xtarp,12 =
δ2 −

√
δ2(b2δ2 − b2P 2

tarp,1 − 2bδ2 + 2bPtarp,1 + δ2)

δ2(2− b)
(23)

where we note that x2 is decreasing in Ptarp,1 since b ∈ [0, 1).
If we consider a target t which the government wants to achieve and which is

lower than the no-intervention equilibrium x2 value, then the asset purchasing price
Ptarp,1 the government must offer is

Ptarp,1 =
δ2(t

2
b2 − 4t

2
b+ 4t

2
+ 2tb− 4t− b2 + 2b)

2b− b2
(24)

4.4.2. Government Asset Purchasing Program Period 2 and Commitment Issues. If
government purchases assets at time t2 for Ptarp,2 ≥ P2, the equilibrium conditions
are (3) along with

P1 = (1− x1)δPtarp,2 (25)

and
Ptarp,2 = (1− x2)δ (26)

which give us the solution:

xtarp,22 = 1− Ptarp,2

δ
(27)

Since 0 ≤ x2 ≤ 1, we impose the natural bounds 0 ≤ P2 ≤ Ptarp,2 ≤ δ as it
does not make sense for the government to pay more than δ which would be the
maximum price of a zero coupon bond paying 1 one period from now. Furthermore,
if we consider a government target t < xtarp,21 for xtarp,22 , we see that the required

government price Ptarp,2 at time t2 is

Ptarp,2 = δ(1− t) (28)

It is important to acknowledge that government credibility is an vastly impor-
tant! If the market does not believe that the government’s TARP policy will be
credibly committed to, then this uncertainty affects the market equilibrium. For
example, if markets believe that the government will institute effective purchase
price Ptarp,2 at t2 with probability q and renege on its promise with probability
1− q, then equation (25) becomes

P1 = (1− x1)δ(qPtarp,2 + (1− q)P2) (29)

and we get the equilibrium level xuncertain2 = q(xtarp,22 ) + (1− q)x2 > xtarp,22 . Thus,
the more credible a commitment the government makes (higher q) or the market
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believes, the more effective the TARP program will be. For example, during the
2008 Financial Crisis, when TARP was being negotiated and first implemented,
the initial commitment was that the government would purchase toxic assets such
as MBSs and CDOs from insolvent banks and sell them to investors in private
auctions; however, the Secretary of Treasury instead spent the first half of the
TARP budget on buying preferred stocks from institutions to inject liquidity. Such
reneging on promises may adversely impact expectations, cause lack of credibility
in government policies, and lead to a worse equilibrium. Thus, when conducting
such unconventional monetary policy, promising transparency, credible commit-
ment, forward guidance, and accountability are imperative for the central bank,
treasury, and government.

Furthermore, as compared to the TARP model constructed in Tirole (2012),
the natural ranking of asset types arising from various default probabilities in our
model leads to a ‘strict,’ more reasonable equilibrium. The single-period model in
Tirole (2012) relies on a rather ‘fragile’ equilibrium where government TARP price
becomes the market price and low types (weaker assets) sell to the government
whereas high types (stronger assets) sell in the market. This is a rather fragile
equilibrium since if a seller who is of the low type sells to the market, the equilibrium
breaks and such a division of high and low types selling to different buyers in the
same market at the same price seems quite unrealistic in practice. In our model, this
distinction is clear and the market equilibrium is stronger. At the time when TARP
is instituted, the government guarantees a price higher than the prevailing market
price, sellers sell only to the government, and the private buyers do not participate in
the market, but participate at all other times and adjust their behaviour according
to the government asset-purchase price.

4.4.3. Cost to Government of asset-purchase programs and Segmented Markets.
Since the government overpays for the assets it purchases in these TARP pro-
grams to stimulate the market, and since no private buyers will participate in the
market at that price, the government has to face costs. We must note that the
Federal Reserve thus far has been profitable on its ‘toxic’ asset purchases of MBSs
and CDOs; however, this may be because their exact valuations, or θ values, were
not even known to the sellers. Thus, the Federal Reserve was able to strike a good
price for these assets and held them till expiry. Or, market hysteria had led to
too much discounting, so the government bought these assets for bargain prices.
However, as part of the government, the Federal Reserve or Treasury, can estab-
lish its own segmented, private market or auction, that is separate from the public
market we have been analysing. In fact, the initial plan of TARP was along similar
lines. Assuming that the government’s segmented market is open for all buyers but
closed for non-government sellers, the government can mitigate its costs by selling
these assets to private buyers. Furthermore, since the assets are inherently risky,
the government most likely wants to offload these risky assets from their balance
sheet as soon as possible.

If we assume that the government is able to immediately purchase these assets
from the public market and sell them all to their segmented market, the government
will face a loss per asset equalling the difference between the government’s purchase
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price Ptarp,i and the price which buyers value these assets to be, say Pbuy,i, where

Pbuy,1 =
1

1− xtarp,11

∫ 1

xtarp,1
1

(1− θb)2δ2dθ (30)

and

Pbuy,2 =
1

xtarp,21 − xtarp,22

∫ xtarp,2
1

xtarp,2
2

δ(1− θb)dθ (31)

where (xtarp,11 , xtarp,12 ) and (xtarp,21 , xtarp,22 ) are the equilibrium values for govern-
ment asset purchase programs at times t1 and t2 respectively.

Thus the expected costs for the government at time t1 are

Costgovtarp,1 = −(Ptarp,1 − Pbuy,1)(1− xtarp,11 ) (32)

for t1 asset purchase program, and

Costgovtarp,2 = −δ(Ptarp,2 − Pbuy,2)(xtarp,21 − xtarp,22 ) (33)

for t2 asset purchase program.

5. Numerical Analysis

The closed formulae that we derived above for xi’s, Pi’s, and Costs are analyt-
ically complicated to analyse and compare. To better understand the behavior of
government interventions and to obtain some broad conclusions of optimal, cost-
efficient government interventions, we analyse and compare the policies numerically.
We set a target for the number of assets to be sold in the market: xtarget2 = .1.
We must note that we do not choose to analyse the target of complete market
unfreezing, i.e., xtarget2 = 0, because some of the government interventions do not

yield interesting results. For example, with xtarget2 = 0, when considering bailout
interventions, the government would have to give full bailouts to buyers (q = 1)
to meet the target, and consequently, all assets would be sold in period 1 itself
(xq>0

1 = 0) which loses the dynamic nature of the model.

Thus, we analyse the xtarget2 = .1 target case for three buyers’ benefit values b
= {.4, .6, .8, .9} and four discount rates δ = {.25, .5, .75, 1}. Setting the target
allows us to back out the required size of government interventions and then, we
calculate the expected value of the cost/profit to government for given parameter
values. Cost comparisons across different interventions for δ = .75 are summarized
in Figure 8. See Appendix A for the more complete set of numerical results with
cut-offs, prices, and costs/profits.

The cost-analysis yields that government disincentives to sellers for holding de-
faulted assets achieves the target of .1 while yielding the government an expected
profit; however, such measures would not be practical and would suffocate financial
markets, particularly during times of systemic crisis. We include this result in the
numerical analysis for the sake of completeness. More importantly, for lower values
of buyers’ benefit parameter, b = .2, the government should use TARP-style asset
purchases at a later time t2 to unfreeze the market and reach the target. How-
ever, for higher values of buyers’ benefit parameter, b = {.6, .8, .9}, the government
should bail out buyers whose assets default in period 2 only and reach the target.
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Figure 8. Costs comparisons for various government interven-
tions for target xtarget2 = .1 and δ = .75. Seller disincentives
yield profits, however, is not a practical intervention. Cost-effective
practical government interventions appear in red.

6. Conclusions

Signalling-by-waiting mechanism helps alleviate adverse selection in markets,
however, the resulting equilibrium is inefficient since it takes time to operate and
not all assets are sold on the market. Hence, government interventions, though
often costly, can help further alleviate the market freeze. We find that traditional
monetary policy of changing interest rates affects only prices and not the volume
of trade, hence proves to be futile in alleviating market inefficiencies. Furthermore,
government bailouts to sellers whose assets default, often carried out to avoid sys-
tematic crisis and inject liquidity into the system, exacerbates the market freeze
by disincentivizing trade. On the other hand, penalizing sellers for holding assets
which defaulted, incentivizes trade and is profitable for the government; however,
isn’t practical. During economic downturns, banks and financial institutions often
face liquidity shortage and government penalties would further hurt profits and
investor confidence leading to contagion. Of the market-improving interventions,
cost-effectiveness of mechanisms depends on the extent of the market freeze caused
by adverse selection.

First, for low b-values, the market freeze is less of a concern. Buyers’ confidence
in the assets is optimistic and their valuations of the assets are quite high, thus, it
makes sense for the government to allow the market to function laissez-faire in the
early periods and then step in at the last time t2, buy out the remaining assets at
a slightly higher price Ptarp,2 to reach the target, and sell back to private buyers
in their segmented market for a slightly lower price Pbuy,2 matching the buyers’
valuations. This policy dominates TARP intervention at t1 because the government
should avoid distorting relatively well-functioning markets. Furthermore, it will be
more costly if the government provides bailouts since they would needlessly have to
take on the risk of default for many assets. Instead, it is most cost-efficient, for the
government to sweep up the remaining assets after undistorted market interactions
have played out in earlier periods.

Second, for high b-values, the market freeze is more severe. In this case, the
market does not function well when left alone and the policy of government sweeping
in at t2 and buying out unsold assets to meet the target would not be cost-efficient
as many assets would be left unsold. Thus, government bailouts to buyers are a
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more cost-efficient policy to overcome adverse selection. Moreover, it is most cost-
efficient in expectation to give bailouts only to those assets which default in period
2, as the government has to take up less risk and hence, less expected cost.

Hence, when markets are relatively well-functioning and buyers are optimistic,
it is optimal for governments to allow markets to function without government in-
terventions in earlier periods, and to swoop in with TARP asset purchases only
at last time tn to buy out unsold assets which remain. However, when the mar-
ket freeze is severe, buyers are pessimistic, and informational asymmetry causes
rampant adverse selection in asset markets, it is imperative that the government
intervene credibly with bailouts to buyers whose assets defaulted in the last period,
change incentive structures and valuations, and push buyers to take on more upside
risk with the guarantee of government taking on downside risk.
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Appendix A.
Extended Numerical Analysis

We present numerical analysis of expected costs to government for target xtarget2 =
.1 for given parameter values b = .4, .6, .8, .9 and δ = .25, .5, .75, 1. Most cost-
efficient government interventions (excluding profit-making schemes) are highlighted
in red.
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Appendix B.
A brief note about extension to n periods

In this paper we have analysed the 2-period model. Although generalising these
arguments to a n-period model is not difficult, we do not believe it will give a
great deal more intuition as for the effects of government policies. However, we
briefly develop the n-period extension of our simple model without government
interventions. See Janssen and Roy (2002) for details on the generalized version of
the signalling-by-waiting mechanism.

The sellers’ indifference equations which were of the form Pi = (1−xi)δPi+1 for
i = 1, 2, ..., n, generalize in the n-period model to

Pk = δn−k+1
n∏

i=k

(1− xi) (34)

for k = 1, ..., n, where we have normalized Pn+1 = 1, i.e., all assets which haven’t
defaulted pay 1 to their respective owners.

The buyers’ indifference equations are

Pk =
1

xk−1 − xk

∫ xk−1

xk

(1− θb)n+1−kδn+1−kdθ (35)

for k = 1, 2, ..., n and x0 = 1
Simplifying, we get the system

b(xk − xk−1)(n+ 2− k)

n∏
i=k

(1− xi) = (1− xk−1b)
n+2−k − (1− xkb)n+2−k (36)

for k = 1, 2, ..., n.
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