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Abstract
I study a credit market with adverse selection as a signalling game. I show that
in the least-costly separating equilibrium, entrepreneurs of high-quality projects may
over- or under-invest compared to the social optimum to signal their type. I then
examine a simple budget-balanced tax-subsidy scheme applied by the government.
At a first sight, the tax-subsidy scheme seems to benefit entrepreneurs of low-quality
projects and harm entrepreneurs of high-quality projects because the former are crosssubsidised by the latter. Nonetheless, this result does not necessarily hold if entrepreneurs can pledge the subsidy as collateral. In that case, taxes can improve social welfare by either decreasing or increasing aggregate investment depending on
whether entrepreneurs of high-quality projects over- or under-invest in equilibrium.
K EYWORDS : Adverse selection, investment, taxes, welfare
JEL CLASSIFICATION : D04, D60, D82, D86, H25, H82
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I NTRODUCTION


Motivation. It is a well-known fact that adverse selection causes inefficiencies in
markets that frequently justify for government intervention. For instance, as shown in
Wilson (1977), Dahlby (1981) and Crocker and Snow (1985a,1985b), a simple budgetbalanced tax-subsidy scheme can improve the welfare of all consumers in a stylised insurance market. In this paper, I examine under what conditions this argument extends to
credit markets.
In particular, I analyse a credit market with cashless entrepreneurs and wealthy investors. Entrepreneurs own uncertain, variable investment projects that can be either of
∗
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high or low quality. The quality of the project is only known by the entrepreneur who
owns it. Investors are willing to lend funds to entrepreneurs but are unable to observe
the actual type of the project they get to finance, which leads to an adverse selection problem as in Akerlof (1970). Nonetheless, entrepreneurs can partially, or fully, transmit their
information using as sorting devices the amount of loan and a share from the return of
the project. Therefore, a signaling problem arises as in Spence (1973) and Rothschild and
Stiglitz (1976). I characterise the set of perfect Bayesian equilibria (PBE) of a game in
which each entrepreneur proposes a loan contract to a single representative investor who
accepts or rejects.1 Perhaps as expected, I show that the only PBE that passes the intuitive
criterion of Cho and Kreps (1987) is the least-costly separating one. Depending on parameter values, this equilibrium is characterised by under- or over-investment compared
to the social optimum. In particular, if the high-quality project first-order stochastically
dominates (FOSD) the low-quality one, then over-investment is possible. On the contrary,
in the case of second-order stochastic dominance (SOSD), under-investment is possible. 2
Subsequently, I examine the impact of a simple tax-subsidy scheme on the equilibrium
aggregate investment and welfare. The tax system I consider is similar to the one discussed in Wilson (1977), Dahlby (1981) and Crocker and Snow (1985,1986) in the stylised
insurance market of Rothschild and Stiglitz (1976), and more recently in Ghatak et al.
(2007) and Scheuer (2013) in a credit market. I establish that, depending on parameter
values, the government can increase, or decrease, aggregate investment ex ante and create Pareto improvements through this simple redistributive tax system. A necessary condition for this result is that entrepreneurs be allowed to make their contracts contingent
on the subsidy they receive from the government. Evidently, this does neither require the
government to possess superior information than the investor nor, to provide any additional financing for entrepreneurs at the time of contracting. The only intervention takes
place after the realisation of uncertainty in the form of redistribution of wealth.
To explain the mechanism that drives the result note that the tax scheme clearly benefits entrepreneurs of low-quality projects because they are cross-subsidised from entrepreneurs of high-quality projects. On the contrary, for entrepreneurs of high-quality
projects, there are two opposite effects. On the one hand, there is the negative crosssubsidisation effect stated above. On the other hand, the use of the subsidy in the equilibrium contract relaxes the incentive constraint of entrepreneurs of low-quality projects and
hence allows entrepreneurs of high-quality projects to move closer to the first-best level
of investment. In some cases, the latter effect dominates the former and consequently all
entrepreneurs benefit from the tax system.
Perhaps interestingly, the impact of taxation on aggregate investment depends on how
the projects of the two types of entrepreneurs are related. In the case of FOSD, aggregate
investment is strictly decreasing in taxes, because in that case over-investment results
1

The use of a single investor is only for simplicity. Adding more investors increases the notational
burden without changing the qualitative features of the results.
2
Interestingly, in models with fixed investment projects, Stiglitz and Weiss (1981) show that when returns
are ranked in an SOSD sense, there is credit rationing in equilibrium, i.e. under-investment, whereas De
Meza and Webb (1987) show that when returns are ranked in an FOSD sense, there is over-investment in
equilibrium.
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in equilibrium. Hence, a lower level of aggregate investment benefits entrepreneurs of
high-quality projects as well as it is socially desirable. An increase in taxation reduces
aggregate investment and brings the economy closer to the first-best. The opposite result
prevails in the case of SOSD.

Related Literature. Regarding the related literature, the inefficiency of competitive equilibrium in markets with adverse selection and non-linear pricing dates back to
Spence (1973) and Rothschild and Stiglitz (1976). Spence (1973) assumes that the price
of education is determined by the competitive market mechanism and workers only decide how much education to acquire. He establishes that a plethora of equilibria can
be sustained that involve or do not involve signaling. On the contrary, Rothschild and
Stiglitz (1976) assume that the uninformed parties in the market compete by offering contracts to informed consumers. Each uninformed party can only offer a single contract.
Miyazaki (1977) shows that the equilibrium of Rothschild and Stiglitz (1976), when this
exists, might be inefficient because efficiency might require cross-subsidisation that is artificially excluded in Rothschild and Stiglitz (1976). Miyazaki (1977) and Spence (1978)
allow the informed parties to offer menus of contracts, by adopting at the same time the
E2 equilibrium of Wilson (1977) and show that efficiency is restored.
As I mentioned above, a similar tax-subsidy scheme is considered in Wilson (1977),
Dahlby (1981) and Crocker and Snow (1985a,1985b) in a stylised model of an insurance
market, and in Ghatak et al. (2007) and Scheuer (2013) in a model of occupational choice
and adverse selection in the credit market. Ghatak et al. (2007) and Scheuer (2013) consider a model in which an individual can select between becoming a worker, and receive
the labour market wage, or an entrepreneur, and borrow from the credit market. The
tax-subsidy scheme aims to discourage low-quality individuals to become entrepreneurs
to “correct” for occupational choice by reducing adverse selection and hence improve
efficiency. In this paper, I allow for variable investment projects as opposed to fixedinvestment projects, which allows for signaling in equilibrium. Moreover, I consider both
FOSD and SOSD. Lastly, the subsidy received by the government plays a fundamental
role in this paper since a necessary condition to improve over the market outcome is for
entrepreneurs to be allowed to pledge the subsidy as collateral.
Two strands in the literature consider efficiency in competitive markets with adverse
selection. First, Bisin and Gottardi (2006) show how, in the Rothschild and Stiglitz (1976)
canonical insurance market, the establishment of a market for property rights can relax
the incentive constraints and help the economy attain Pareto efficiency. In a similar spirit,
Martin (2011) shows that in a credit market with adverse selection the government, by establishing a new market at the ex ante stage in which entrepreneurs can borrow without
conditioning their loans, Pareto efficiency can be attained.3 Equally related is the contribution by Innes (1991) who shows how the government can increase social welfare by offering subsidised debt contracts ex ante in a credit markets with adverse selection. Martin
(2011) and Innes (1991) should be considered as complementary to this paper. The main
3
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difference is on the type of intervention. In Martin (2011) and Innes (1991), government
interventions occur ex ante (where investment decisions take place) in the form of creation
of a new lending market regulated by the government or through subsidised debt contracts. On the contrary, in this paper, the government intervention occurs ex post (when
entrepreneurs have realised their returns) in the form of taxation. Second, a relatively
recent literature examines different than Rothschild and Stiglitz (1976) games of competition for contracts. Contributions in that literature are Asheim and Nilssen (1996), Diasakos and Koufopoulos (2011), Mimra and Wambach (2011), Netzer and Scheuer (2014),
Picard (2014) and Dosis (2015). This literature either draws insights from the notion of
equilibrium of Wilson (1977) by allowing insurance companies to withdraw contracts
they have offered in the market when these become loss-making or construct different,
more complex games to reduce the set of profitable deviations of insurance companies.
This paper differs from all those mentioned above because it assumes a simpler form of
trade of loan contracts. In particular, it assumes that entrepreneurs apply for loan contracts to a representative investor who decides whether to accept or reject. This model of
trade is closer in spirit to the signalling model initially studied by Spence (1973). There
are at least two reasons for that choice. First, if one assumes that there are at least two
investors who offer loan contracts and each entrepreneur applies for her most preferred
one, as in the screening model of Rothschild and Stiglitz (1976), one quickly runs into
problems of existence of pure strategy equilibrium that makes the analysis tedious. Furthermore, the screening model describes well the functioning of insurance markets but,
perhaps, does not describe well the functioning of credit markets. In the latter, one observes entrepreneurs who are willing to undertake a venture, after having built a business
plan, to apply for a loan contract to an investor, who decides whether to accept or reject
the application.4
The remainder of the paper is organised as follows: In Section 2, I describe the economy, I characterise the first-best contracts, and I define a perfect Bayesian equilibrium of
the signalling game and when an equilibrium passes the intuitive criterion. In Section 3,
I show that the only PBE that passes the intuitive criterion is the least-costly separating
equilibrium. I examine the impact of taxation on the equilibrium contracts. Lastly, I show
that taxes can create Pareto improvements. In Section 4, I provide policy implications.
2

T HE M ODEL


Entrepreneurs, Investors and Contracts. There is a continuum of mass one of entrepreneurs. An entrepreneur can be of type i = 1, 2. A set of measure λi is of type i.
The type of an entrepreneur is her private information. Entrepreneurs own risky projects.
The project succeeds or fails but the marginal return is different for the different types. Let
4

A model that might be even closer to how trade realises in credit markets is the one in which an entrepreneur applies for an amount of loan to several investors simultaneously with each one selecting the
interest rate if the latter decides in principle with the application. The equilibrium set of this game is payoff equivalent to the one I examine in this paper, the latter being simpler since it does not need to model
explicitly competition among investors.
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z̃i = (zi , 0) denote a random variable associated with type i, where z1 6= z2 . By investing
x dollars an entrepreneur can realise z̃i h(x) dollars.5 Uncertainty is purely idiosyncratic.
I assume that h(x) satisfies standard neo-classical properties such as h(0) = 0, h0 (x) > 0,
h00 (x) < 0 and the Inada conditions limX→0 h0 (X) = ∞, limX→∞ h0 (X) = 0. Even though
they are not necessary and the results remain unaltered without them, the Inada conditions are sufficient to guarantee interior solutions and therefore greatly simplify the analysis and results.6 Let pi denote the probability that zi realises. I assume that p1 < p2 and
p1 z1 < p2 z2 . The project of an entrepreneur of type-1 has a lower probability to succeed
and lower expected return than this of type-2 for the same amount of initial investment.
For simplicity, I assume that entrepreneurs have no initial funds. To invest, they need
to borrow from a wealthy investor in exchange for a share of the returns of the project.
Trade takes place through loan contracts. A loan contract takes the following simplistic
form: c = (x, s, f ) ∈ R3+ , where x is the amount of loan, s is a transfer from the entrepreneur to the investor in case of success and f is a transfer from the entrepreneur to the
investor in case of failure. Given the simplicity in the returns of the project, there is no loss
of generality in assuming such simplistic contracts. Note that, rather realistically, I only allow transfers from an entrepreneur to the investor after the realisation of uncertainty and
not vice versa. Denote the payoff of type i by contract c as Ui (c) = pi [zi h(x)−s]+(1−pi )[−f ]
and the profit accrued to the investor as πi (c) = −x+pi s+(1−pi )f . Note that the marginal
rate of substitution of type i of x to s is zi h0 (x) and given that z1 6= z2 , the single-crossing
property holds.
 First-Best. As a benchmark case, let us characterise the first-best loan contracts without reference to any game.
P ROPOSITION 1: The first-best loan contracts under perfect information (cF1 B , cF2 B ) are characterised by:
h0 (xFi B ) =

sFi B =

1
pi zi

xFi B
,
pi

(2.1)

fiF B = 0

(2.2)

P ROOF : : To characterise the first-best contract of type i, one needs to solve the following maximisation program: maxc {Ui (c) : πi (c) ≥ 0}. It is rather straightforward to see that
5

The results do not extend to environments in which projects require a fixed investment unless entrepreneurs are strictly risk-averse. The environment then becomes very similar to the insurance environment.
6
The results hold even when technologies are linear. In that case, however, one needs to assume that
there is a bound in how much entrepreneurs can invest to guarantee a finite solution. In that model, the
equilibrium is characterised either by corner solutions in which either entrepreneurs of low-quality projects
invest at the maximum and entrepreneurs of high-quality projects under-invest (if z1 > z2 ), or, both types
of entrepreneurs invest at the maximum and there is pooling (if z1 < z2 ). Imposing strictly concave technologies and the Inada conditions make the results ”smooth”.
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the constraint should bind at the optimum. Given that I have restricted the set of feasible
contracts to positive transfers from the entrepreneur to the investor, fiF B = 0 for every i.
The maximisation program is equivalent to: maxx pi zi h(x) − x. Let gi (x) = pi zi h(x) − x.
Because h(x) is twice continuously differentiable, gi (x) is also twice continuously differ00
entiable with gi0 (x) = pi zi g 0 (x) − 1 and gi00 (x) = pi zi h00 (x). Recall that h (x) < 0, which
means that g 00 (x) < 0 and therefore gi (x) is strictly concave. The necessary and sufficient condition for the (unique) global maximum is gi0 (xFi B ) = 0 or h0 (xFi B ) = pi1zi . Because limx→0 gi0 (x) = ∞ and limx→∞ gi0 (x) = −1 (from the Inada conditions) we have that
0 < xFi B < ∞. Q.E.D.
In the first-best contracts, the investor makes zero profits on every contract and each
type extracts all the surplus conditional on her type.7 Because p1 < p2 and p1 z1 < p2 z2 ,
the first-best contracts are distinct for each type and, as expected, entrepreneurs of type-2
invest more than entrepreneurs of type-1.
 Signaling Game and Equilibrium. Let ci denote a pure action for type i. For every
contract observed, the investor updates his beliefs about the type
P of the entrepreneur. Let
µi : R3+ → [0, 1] for i = 1, 2 denote a system of beliefs with i=1,2 µi (c) = 1. A decision
(strategy) for the investor is denoted as d : R3+ → {0, 1}, where d = 0 is rejection of a
contract and d = 1 is acceptance. I am interested in the perfect Bayesian equilibria (PBE)
of this signaling game and especially those that pass the intuitive criterion of Cho and
Kreps (1987).
P ERFECT B AYESIAN E QUILIBRIUM
 : A (pure strategy) PBE is a profile of strategies and a
¯
system of beliefs (c̄i )i=1,2 , d, (µ̄i )i=1,2 such that:
¯
c̄i ∈ arg max d(c)U
i (c) ∀ i = 1, 2

(2.3)

c

(
P
1, if
i=1,2 µ̄i (c)πi (c) ≥ 0
¯
d(c) =
0, otherwise

1,



λ ,
i
µ̄i (c) =

u ∈ [0, 1],



0,

if
if
if
if

X

c ∈ R3+

µ̄i (c) = 1

∀

c̄i
c̄i
c̄i
c̄i

(2.4)

= c, c̄−i 6= c
= c̄−i = c
6= c, c̄−i 6= c
6= c, c̄−i = c

∀ i = 1, 2

(2.5)

(2.6)

i
7

Note that these contracts maximise the payoff of both entrepreneurs subject to the investor’s break-even
B
B
condition. Evidently, by keeping xF
fixed and increasing sF
one can recover the whole Pareto frontier.
i
i
I focus on this particular point of the Pareto frontier because there is a link with the equilibrium contracts
under imperfect information. See Proposition 2.
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(2.3) says that the strategy of every type needs to be the best response to the strategy of
the investor. (2.4) claims that the strategy of the investor needs to be sequentially rational
based on his beliefs about the type of the entrepreneur when he sees a loan contract proposal. In particular, the investor accepts a proposal as long as the expected profit (given
his belief assessment) is positive. Lastly, (2.5) states that beliefs need to be consistent
in equilibrium with the players’ equilibrium strategies. (2.6) states that beliefs sum up to
one. Note that for any contract off-the-equilibrium path, beliefs are arbitrarily determined
to support the equilibrium strategies. As it is known, this arbitrariness is responsible for
the sustainment of a continuum of equilibria. Many of these are due to “unreasonable”
beliefs, which leads us to examine those PBE that pass the intuitive criterion of Cho and
Kreps (1987). A formal definition follows:

¯ (µ̄i )i=1,2 , there exists c ∈ R3 such
T HE I NTUITIVE C RITERION : If for a PBE (c̄i )i=1,2 , d,
+
that:
1. Ui (c) > Ui (c̄i )
2. U−i (c) < U−i (c̄−i )
3. πi (c) ≥ 0
¯ =0
4. d(c)

¯ (µ̄i )i=1,2 fails to pass the intuitive criterion.
then (c̄i )i=1,2 , d,
3

E QUILIBRIA


Pre-Tax Equilibria. Now consider the case of imperfect information. The set of
PBE of the signaling game includes: (i) pooling equilibria in which both types apply for
the same contract and the investor makes non-negative profits on average, and, (ii) separating equilibria in which each type proposes a distinct contract, the investor makes a
non-negative profit for each one of them and each type has no incentive to misrepresent
her type. The following proposition summarises the properties of the set of PBE.
P ROPOSITION 2: The following are true:

¯ (µ̄i )i=1,2 is a separating PBE, if and only if:
1. (c̄i )i=1,2 , d,
(i) c̄1 6= c̄2
(ii) c̄1 = cF1 B
(iii) U2 (c̄2 ) ≥ max{0, U2 (cF1 B )}
(iv) U1 (c̄1 ) ≥ U1 (c̄2 )
(v) π2 (c̄2 ) ≥ 0

¯ (µ̄i )i=1,2 is a pooling PBE, if and only if:
2. (c̄, c̄), d,
7

(i) U1 (c̄) ≥ U1 (cF1 B )
(ii) U2 (c̄2 ) ≥ max{0, U2 (cF1 B )}
(iii) U2 (c̄) ≥ max{0, U2 (cF1 B )}
P
(iv)
i λi πi (c̄) ≥ 0.
P ROOF : I first prove the only if part of (1). (i) follows from the definition of a separating 
¯ (µ̄i )i=1,2
equilibrium. For (ii), suppose that there exists a separating equilibrium (c̄i )i=1,2 , d,
FB
such that U1 (c̄1 ) < U1 (c1 ). By the definition of PBE for every c either U1 (c) < U1 (c̄1 ) or
¯ = 0. Let c̃ = (xF B , xF B /p1 + ε, 0). Note that π1 (xF B , xF B /p1 + ε, 0) > 0 and hence
d(c)
1
1
1
1
π2 (xF1 B , xF1 B /p1 + ε, 0) > 0 given that type-2 has a higher probability to succeed. There¯ = 1, otherwise the equilibrium
fore, regardless the belief of the investor, from (2.4), d(c̃)
fails to be sequentially rational. This, nevertheless, means that U1 (c̄) = U1 (cF1 B ) − p1 ε,
which for ε arbitrarily small is greater than U1 (c̄1 ). This contradicts that for every c either
¯ = 0. A similar argument establishes (iii). (iv) and (v) are immediate
U1 (c) < U1 (c̄1 ) or d(c)
consequences of the definition of a separating equilibrium and hence they do not require
a formal proof.
To prove the if part, let (i)-(v) hold simultaneously and moreover: (a) µ̄1 (cF1 B ) = 1,
¯ = 1 for every
µ̄2 (c̄2 ) = 1 and µ̄1 (c) = 1, µ̄2 (c) = 0 for every c 6= cF1 B or c 6= c̄2 , and, (b) d(c)
FB
¯
c such that U1 (c) ≤ U1 (c1 ) or c = c̄2 , and d(c) = 0 otherwise. Based on the strategy of
the investor, no type has an incentive to apply for a loan contract different than the one
she already applies for. This is because for every contract that improves the payoff of any
of the types, the investor rejects the application. Furthermore, the strategy of the investor
is sequentially rational given his beliefs. Lastly, beliefs are updated by Bayes rule on the
equilibrium path and are arbitrarily determined off the equilibrium path in accordance to
the definition of equilibrium.
The argument for the only if part of parts (i) and (ii) of (2) is the same as the one given
for a separating equilibrium. (iii) is an immediate consequence of the definition of a pooling equilibrium so it does not require a formal proof. The argument for the if part is also
similar to the one given above for the separating equilibrium and, therefore, is also omitted. Q.E.D.
The indeterminacy highlighted in Proposition 2 is familiar from signalling games.
To pin down the equilibrium set, one needs to restrict the off-the-equilibrium-path beliefs. Therefore, in what follows, I focus on equilibria that pass the intuitive criterion.
The“usual suspect” is the least-costly separating PBE. In this equilibrium, type-1 proposes her first-best contract and type-2 the contract that breaks even and maximises her
payoff within the contracts that are weakly not preferred by type-1 over the latter’s firstbest contract. In fact, as I formally state in the following proposition, this is the only PBE
that passes the intuitive criterion.

¯ (µ̄i )i=1,2 passes the intuitive criterion if and only if
P ROPOSITION 3. A PBE (c̄i )i=1,2 , d,
tax
tax
c̄1 = cF1 B and c̄2 = cno
, where cno
∈ arg maxc {U2 (c) : π2 (c) = 0, U1 (cF1 B ) ≥ U1 (c)}. If
2
2
tax
tax
tax
U1 (cF1 B ) = U1 (cno
) and z1 > z2 , then xno
< xF2 B . If U1 (cF1 B ) = U1 (cno
) and z1 < z2 , then
2
2
2
8

tax
xno
> xF2 B .
2


¯ (µ̄i )i=1,2 such that: (a) c̄1 = cF B and c̄2 =
P ROOF : Sufficiency: Let the PBE (c̄i )i=1,2 , d,
1
tax
¯ =0
¯ = 1 for every c such that U1 (c) ≤ U1 (cF B ) or U2 (c) ≤ U2 (cno tax ), and d(c)
,
(b)
d(c)
cno
2
1
2
no tax
FB
) = 1 and µ̄1 (c) = 1, µ̄2 (c) = 0 for every c such that
otherwise, (c) µ̄1 (c1 ) = µ̄2 (c2
FB
tax
U1 (c) ≥ U1 (c1 ) and U2 (c) < U2 (cno
) and µ̄1 (c) = 0, µ2 (c) = 1 for every c such that
2
tax
U1 (c) < U1 (cF1 B ) and U2 (c) ≥ U2 (cno
). By definition, for every c such that U2 (c) >
2
no tax
FB
U2 (c2
) and U1 (c) < U1 (c1 ), π2 (c) < 0 and for every c such that U1 (c) > U1 (cF1 B ),
π1 (c) < 0. Hence, this PBE satisfies the intuitive criterion.

¯ (µ̄i )i=1,2 such that U1 (c̄) > U1 (cF B ), π1 (c̄) <
Necessity: Consider
a pooling PBE (c̄, c̄), d,
1
P
¯ = 0.
0, πi (c̄) > 0 and i λi πi (c̄) ≥ 0. In this PBE, for every c such that U2 (c) ≥ U2 (c̄), d(c)
Nonetheless, due to the single-crossing property, there exists c̃ such that U1 (c̃) < U1 (c̄),
U2 (c̃) > U2 (c̄) and π2 (c̃) > 0 which means that this, or any other pooling PBE, does not
pass the intuitive criterion. A similar reasoning establishes the result for any separating
tax
equilibrium where c̄2 6= cno
.
2
To complete the proof, suppose that the incentive constraint binds. Let w(x) = z1 h(x)−
xF B
x
− [z1 h(xF1 B ) − p11 ]. w(x) is a continuously differentiable and strictly concave function
p2
and therefore attains a global maximum. Note that w(xF1 B ) = xF1 B (1/p2 − 1/p1 ) > 0 and
w(0) = −[z1 h(xF1 B ) − xF1 B /p1 ] < 0. Because w(x) is strictly increasing in the interval
[0, xF1 B ], there exists exactly one x̄ ∈ [0, xF1 B ] such that w(x̄) = 0. Note now
 the follow
[z1 f (xF1 B ) −

B
xF
1
]
p1

xF B
[z1 f (xF1 B ) − p11 ]

= limx→∞

x
p2

xF B

− [z1 f (xF1 B ) − p11 ] = limx→∞ px2 z1 h(x)
−1 −
x
p2


0
xF B
× limx→∞ z1 h(x)
− 1 − [z1 f (xF1 B ) − p11 ] = limx→∞ z1 h1(x) −
x

ing: limx→∞ w(x) = limx→∞ (z1 h(x) −

x
)
p2

p2

xF B
−[z1 f (xF1 B ) − p11 ]

p2

=
< 0, with the last equality following from the Inada
conditions. Because w(x) is strictly increasing in the interval [xF1 B , ∞], there exists exactly
one x̄¯ ∈ [xF1 B , ∞] such that w(x̄¯) = 0. Let us now compare the payoffs of type-2 from
x̄ and x̄¯. We know that w(x̄) = w(x̄¯) = 0. Re-writing this: z1 h(x̄) − px̄2 − [z1 h(xF1 B ) −
B
xF
1
]
p1

xF B

¯
x̄
= z1 h(x̄¯) − px̄¯2 − [z1 h(xF1 B ) − p11 ] = 0. Rearranging this: h(x̄) − h(x̄¯) = x̄−
· z11 ,
p2
¯
¯
¯
x̄
x̄
x̄
or z2 [h(x̄) − h(x̄¯)] = x̄−
· zz12 , or z2 [h(x̄) − h(x̄¯)] − x̄−
= x̄−
· ( zz21 − 1). If z1 > z2 , then
p2
p2
p2
¯
¯
x̄
x̄
= x̄−
· ( zz21 − 1) > 0, which means that U2 (x̄, px̄2 , 0) > U2 (x̄¯, px̄¯2 , 0),
z2 [h(x̄) − h(x̄¯)] − x̄−
p2
p2
tax
and hence xno
= x̄. On the contrary, if z1 < z2 , then U2 (x̄, px̄2 , 0) < U2 (x̄¯, px̄¯2 , 0) and hence
2
tax
xno
= x̄¯. Q.E.D.
2

Note that it might well be true, especially when z2 − z1 is a large positive numtax
ber, that the incentive constraint is slack in equilibrium, i.e. U1 (cF1 B ) > U1 (cno
). In
2
that case, type-2 can perfectly, and with no cost, signal herself. In what follows, I focus on the more interesting case in which in equilibrium the incentive constraint binds,
tax 8
i.e. U1 (cF1 B ) = U1 (cno
). Lastly, Proposition 3 states that depending on whether the
2
technology of type-2 second-order stochastically dominates, i.e. z1 > z2 , or first-order
8

tax
As it was stated in Proposition 3, the zero-profit condition always binds, i.e. π2 (cno
) = 0, and hence
2
the equilibrium contracts are characterised by solving the two constraints simultaneously.
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stochastically dominates this of type-1, i.e. z1 < z2 , the equilibrium is characterised by
under-investment or over-investment respectively.

The Tax System. I consider a very simplistic redistributive tax system according
to which every entrepreneur, regardless her type, pays a fixed tax equal to t in case she
succeeds and receives a subsidy equal to T in case she fails.9 This tax system is unrealistic in many aspects. Most notably, in reality, entrepreneurs do not pay fixed taxes, i.e.
regardless of their income, but most likely the tax system is linear or non-linear. Nonetheless, the use of this tax system greatly simplifies the analysis and results. Furthermore,
recall that the main contribution of the paper is to examine under what conditions taxation can create Pareto improvements and how this affects the composition of aggregate
investment. Hence, it suffices to consider the simplest possible tax system that achieves
this result.
The tax system is ex post budget-balanced. In other words, the government just redistributes wealth ex post without collecting any revenue or providing any resources to
entrepreneurs, or without intervening ex ante at the time of contracting. Taxes are nondiscriminatory (or anonymous) in the sense that every type pays the same fixed tax and
receives the same
P fixed subsidy irrespectively of what loan contract she has undertaken.
If we let p̂ = i λi pi , then we consider only taxes such that p̂ t = (1 − p̂) T .
 Post-Tax Equilibria. We can now examine the impact of taxation in the equilibrium
contracts. As I argued above, even though taxation takes place ex post and contracts are
signed ex ante, any subsidy expected to be paid by the government can now be used in
the equilibrium contracts. This is enough to influence the behaviour of all entrepreneurs
in the market. Indeed, one can show that any subsidy small enough is used in the equilibrium contract by type-2. This relaxes the incentive constraint of type-1 and allows for
more investment to flow into the production technology of type-2. Intuitively, this happens because type-2 is more willing to give up any subsidy in the failure state in order to
decrease her payment in the success state, making, that way, her contract less desirable to
type-1. This result is formally stated in Proposition 4.
P ROPOSITION 4. For any tax-subsidy scheme (t, T ) small enough, the only PBE that passes
the intuitive criterion is separating and characterised by the pair of contracts (cF1 B , c2 (t)), with
c2 (t) = (x2 (t), s2 (t), T ) where:
p2 s2 (t) + (1 − p2 )T = x2 (t)

(3.1)


 

x2 (t)
xF1 B
1 − p 1 1 − p2
FB
= p1 z1 h(x1 ) −
+
−
T
z1 h(x2 (t)) −
p2
p1
p1
p2

(3.2)

9

As pointed out by an associate editor, a tax system that compensates entrepreneurs if they fail might
give incentives to them to fail. Note, however, that the results remain unaltered even if the subsidy is paid
regardless of the state realised as long as this can be pledged by entrepreneurs as collateral.
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P ROOF : Write the payoff of type-1 after taxation as: U1 (c, t) = p1 [z1 h(x1 ) − s − t] + (1 −
1
p1 )[T − f ] = p1 [z1 h(x) − s] + (1 − p1 )[−f ] + p̂−p
t. Note that this payoff is maximised for
1−p̂
FB
c1 which means that, following the same reasoning as in the proof of Proposition 3, in
any separating equilibrium that passes the intuitive criterion, type-1 earns in equilibrium
at least U1 (cF1 B , t). The equilibrium contract of type-2 can be characterised by solving
the following optimisation program: maxc {U2 (c, t) : π2 (c) ≥ 0, U1 (cF1 B , t) ≥ U1 (c, t), f ≤
p̂
t}. Both the profit and the incentive constraints should bind at the optimum otherwise
1−p̂
a small decrease in s combined with an small decrease in x satisfies all constraints and
increases the payoff of type-2. Let us re-write the two binding constraints: p2 s+(1−p2 )f =
x and p1 [z1 h(xF1 B ) − t] + (1 − p1 )T − xF1 B = p1 (z1 h(x) − s − t) + (1 − p1 )(T − f ). The incentive
constraint can be clearly simplified to: p1 z1 h(xF1 B ) − xF1 B = p1 (z1 h(x) − s) − (1 − p1 )f .
xF B
Combining the two constraints we obtain the following: z1 h(x) − px2 = z1 h(xF1 B ) − p11 +

1
2
1
2
( 1−p
− 1−p
)f . Given that 1−p
− 1−p
f > 0 for f > 0, the roots of this equation, denote
p1
p2
p1
p2
these as (x̄2 , x̄¯2 ), are such that x̄2 < x̄ < x̄¯2 < x̄¯ for every f > 0. In fact, x̄2 is strictly
increasing in f and x̄¯2 is strictly decreasing in f . The payoff of type-2 from contracts
c̄2 = (x̄2 , s, f ) and tax t and c̄¯2 = (x̄¯2 , s, f ) and tax t are respectively:
p2 z2 h(x̄2 ) − x̄2 +

p̂ − p2
p̂ − p2
t = g2 (x̄2 ) +
t
1 − p̂
1 − p̂

p2 z2 h(x̄¯2 ) − x̄¯2 +

p̂ − p2
p̂ − p2
t = g2 (x̄¯2 ) +
t
1 − p̂
1 − p̂

From Proposition 1, we know that g 0 (x) > 0 for every x < xF2 B and g 0 (x) < 0 for
every x > xF2 B . Therefore, in any case, the payoff of type-2 increases with f as long as
x̄2 < xF2 B < x̄¯2 . The latter implies that f = T . When z1 > z2 , then x2 (t) = x̄, x02 (t) > 0,
and, when z1 < z2 , then x2 (t) = x̄¯, x02 (t) < 0. Q.E.D.
As a corollary of Proposition 5, one can examine the effect of taxation on aggregate
investment. Denote the economy’s aggregate investment as I(t). Following the analysis
so far, this is given by the following formula: I(t) = λx2 (t) + (1 − λ)xF1 B .
C OROLLARY 1. I(t) is strictly increasing if z1 > z2 and strictly decreasing if z1 < z2 .
 Pareto Improving Taxation. Now consider the equilibrium payoffs of both types as
a function of the tax. Given that p̂ t = (1 − p̂) T , it is clear that type-1 always benefits from
the tax system because she is cross-subsidised. For type-2 there are two opposite effects.
On the one hand, there is the negative cross-subsidisation effect. On the other hand, there
is the positive effect due to the relaxation of the incentive constraint. The question then is
whether the second effect ever dominates the first one. To answer this question, consider
the equilibrium payoff of type-2 as a function of the tax:


(1 − p2 ) p̂
x2 (t)
V2 (t) = z2 h(x2 (t)) −
+
−1 t
(3.3)
p2
p2 1 − p̂
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In Proposition 5, I show that V20 (0) > 0 for every p̂ > p̂min , for some p1 < p̂min < p2 .
This means that there is a threshold value in p̂ above which positive taxes have a positive
impact on the payoff of type-2. Proposition 5 is one of the main results of the paper.
P ROPOSITION 5. V20 (0) > 0 for any p̂ ∈ (p̂min , p2 ], for some p̂min ∈ (p1 , p2 ).
P ROOF : Let V2 (t) be defined as in (3.3). Because h(x) is continuous and the first and
second derivatives exist and they are continuous for any x > 0, and x2 (t) is also continuous and differentiable, V2 (t) is also continuous and differentiable. Denote as V20 (t)
2 p̂
the first derivative of V2 (t). Then: V20 (t) = (z2 f 0 (x2 (t)) − p12 ) · x02 (t) + ( 1−p
− 1).
p2 1−p̂
1−p2 p̂
1
1
0
0
0
0
0
V2 (0) = (z2 f (x2 (0)) − p2 )(x2 ) (0) + ( p2 1−p̂ − 1). Since z2 f (x2 (0)) − p2 and (x2 ) (0) are
either both strictly positive when z1 > z2 , or, both strictly negative when z1 < z2 , their
2 p̂
product is strictly positive. ( 1−p
− 1) is strictly negative for any p̂ < p2 . Therefore,
p2 1−p̂
min
there exists some p̂
< p2 such that V20 (0) > 0 for any p̂ ∈ (p̂min , p2 ). Q.E.D.
4

C ONCLUSION

In this paper, I studied a credit market with adverse selection. Privately informed entrepreneurs with risky, variable-investment projects had to borrow from a wealthy investor. Projects differed on their expected returns. I analysed the equilibria of a signalling
game, in which each entrepreneur proposed a loan contract to the investor who had to
accept or reject. I showed that in the least-costly separating equilibrium, entrepreneurs
of high-quality projects might over- or under-invest compared to the social optimum to
signal their type. Afterwards, I studied the effect of a tax-subsidy scheme on aggregate
investment and welfare. I showed that when entrepreneurs are allowed to use the subsidy they receive from the government on the loan contract, then aggregate investment
might be either strictly increasing or strictly decreasing on the tax. Furthermore, for some
parameter values both types benefit from the tax scheme.
At least three policy implications are emerging from the analysis. First, as I showed in
Proposition 5, taxes create a Pareto improvement if and only if the share of high-quality
projects in the market is relatively high. If we accept that during booms high-quality
projects outnumber low-quality ones, then an implication of this result is that Pareto improvements might be only possible in booms. On the contrary, during busts the government might be unable to increase welfare and hence, by increasing taxation, welfare
decreases. Therefore, during busts, it might be better to reduce taxes.
Second, due to Corollary 1 and Proposition 5, aggregate investment might contract
when taxes increase but still welfare might increase.10 An increase in taxes brings the
economy closer to the first-best that entails a lower level of investment but higher welfare. An implication of this result is that contraction of investment is not necessarily an
unfortunate event. In some cases, as it was the case before the global financial crisis of
2007, investment might be so abundant that the government decrease it, through taxation,
and increase welfare can by taxation.
10

Recall that this was the case when z1 < z2
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Last, as I argued, a Pareto improvement is possible only if entrepreneurs can pledge
any subsidy that they receive from the government as collateral. An implication of this is
that when collateral is relatively scarce, then the government by redistributing wealth can
increase collateral and hence increase welfare. Note however that, perhaps interestingly,
an increase in collateral does not necessarily mean an increase in aggregate investment.
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