


randomizes between SC and (NSC,S), a low-type entrepreneur applies with
probablllty on = L = (ﬁ) (m). O

The above equilibrium is based on the assumption that the subsidy program is
in place and Government chooses whether to screen or not. In other words, the
possibility to just close the program is not taken into account. If Government
chooses to close the whole program, the payoff is zero to both entrepreneur and
Government (ignoring the costs related to the closing of the program). If the
strategy profile identified by Proposition 3 generates a strictly positive payoff to
Government then it is an equilibrium, even taking into account the possibility
of closing the subsidy program. It can be shown that the above strategy profile
remains an equilibrium with minor modifications to the restriction imposed on
o in Proposition 2.1°

Government’s mixed strategy can be interpreted as Government deciding
on the intensity of screening. The higher is the probability of screening versus
automatically granting a subsidy, the higher is the screening intensity and the
higher is the probability of finding out the true type of the project. Only
if the probability of screening is equal to one, screening is truly perfect and
Government finds out the true type of the project for sure.'”

Comparative statistics of the Government screening probability would be
straightforward if we took the entrepreneur’s repayment obligation, F*° , as
fixed. However, in an equilibrium of the full game, determined in the next
section, the parameters of F'° will include S, ¢, agc and 6. As a result, in
an equilibrium of the full game, the formula for agc given in Proposition
3 is in an implicit form. Appendix presents the partial derivatives of the
screening probability with respect to o, ¢, A and S when F®is endogenous.
If the parameters are such that Government is relatively confident that an
application comes from a high-type entrepreneur (p or the equilibrium value
of 0 is sufficiently high), the results are intuitive: the screening probability
is decreasing in the screening cost, in the application cost, and in the initial
wealth, and increasing in the level of the subsidy.

Fortunately, comparative statics of the low-type’s optimal strategy are easy:
an increase in the screening cost increases low-type’s application probability,
as could be expected, but an increase in the subsidy decreases the application
probability. The latter outcome may seem counterintuitive, but it is explained
by the screening probability that increases with S. If § increases, low-type
entrepreneurs anticipate an increase in the screening probability and are less
likely to apply. Hence, public screening works more efficiently in discouraging
low-type entrepreneurship if it accompanied with subsidy allocation.

16 (I+9S—ALRL)Au(Ru4+W)—I—gS)
Instead of o < S (Ra W)L s

we mneed to have o <

U+gS=ALRL)Qu(Ru+W)—I—gS—c)
Ag(Rg+W)—ALRL )
17Clearly, it would be equivalent to assume that Government can commit to screen all

applications but makes mistakes in screening.
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5 Public and private funding of innovations

We are ready to analyze the full model where the entrepreneurs can first apply
for an R&D subsidy from Government, and then seek market-based financing
from other sources. For brevity, we assume that in the funding gap region that
we are focusing on, entrepreneurs have enough initial wealth to apply for a
subsidy (A > ¢) and need external market-based financing in addition to the
subsidy to be able to undertake the innovation project (A —c+ S < I).

As mentioned, we assume that the private financier observes whether
the entrepreneur has received an R&D subsidy or not, and it knows
how Government funding policy works. The subsidy observation provides
additional information to the market-based financier about the type of the
project. The market-based financiers’ beliefs in the non-singleton information
sets, 5\, is determined by Bayes’ Rule using the prior probabilities and the
equilibrium strategies. Then, if the entrepreneur has been granted a subsidy,
market-based financiers’ participation constraint reads as

I—A—S8+c<\FS (5.1)

where ) is the updated success probability when the entrepreneur has received
an R&D subsidy, and it is determined by Bayes’ Rule as

A= P(H|S)\y + [1 — P(H|S)|A\L (5.2)

In (5.2), P(H|S) is the conditional probability that the entrepreneur is of a
high-type, given that she has received an R&D subsidy from Government.
In equilibrium, Government randomizes between SC and (NSC, S) with
probabilities agc and 1—age. This means that P(H|S) = p = asc+(1—agc)d
where 6 and ag¢ are given by Proposition 3. Since in this equilibrium H-types
always apply, the financier knows for sure that an entrepreneur without a
subsidy is a low-type entrepreneur. Given that financiers must break-even,
equation (5.1) holds with equality and the share of a successful project given
to a financier is

I-A-S+c
A

FS (5.3)
The entrepreneur’s participation constraint remains \;RF > A, since to
receive an R&D subsidy the entrepreneur has to invest her initial wealth
in the project (where now the application and investment constitute the
project). The pledgeable income that can be offered to the financier is
Rfmax — R, — RE = R, — )\AZ_ as before. As a result, an entrepreneur with
a subsidy can get market-based financing if
I-—A-S+c¢ A

< _ = A4
Srecp, A 5.4

The right hand side of the equation (5.4) is the pledgeable income that a
high-type entrepreneur is willing to offer to the financier, and it is the same
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as without a subsidy program. Solving equation (5.4) for A shows that if the
entrepreneur has been granted an R&D subsidy, the private financiers grant
funding if

A> A% = ~[I — S+ c— ARy]

Ag— A

Proposition 4 Entrepreneurs with an RE&D subsidy can get market-based
financing with less initial capital, ie A > AS, if X\ > .

PROOF. 4 > A5 & (Ajlg) (I — ARy) > (%) (I —S+c—ARy) <

(A=N(AuRpy —I)+ (Mg +A)(S —c) > 0. From the last inequality we can see
that it holds if A > \. High-type projects are economically viable, therefore

ARy — I > 0. Since we are analyzing entrepreneurs that have been granted
an R&D subsidy, (Ag +A)(S —¢) > 0,if § > ¢ and A > A5 even if A = A. O

Proposition 5 Due to Government screening, the fact that an entrepreneur
has recewved an RED subsidy provides an informative signal to the financier,

e A > .

PROOF. \ = pAg+(1—p)Ap > A, if p > p. Knowing that p = ase—+(1—age)d

gives us that for p > p, agc must satisfy age > 2=0 " This is true since

1-0
p<0= <l(0<p<landO0<p<1).0O

p+u(1 —p)
Figure 5 shows how the funding gap region presented in Figure 1 changes
as a result of the introduction of a subsidy program. From equation (3.2) we

know that A = %_L/\;RH) and it does not change when a subsidy program is

introduced, since the participation constraint of an entrepreneur remains the
same. What happens is that the A-curve shifts downward. Whether the shift
reduces financial constraints depends on the value of p.

Proposition 6 R&D subsidy program reduces financial constraints, when

P c (ﬁ*asc),u, I-\rL.Ry
(1-p)+(@—asc)n’ Aa—AL)RH

I—S+c—A Ry

AgRg—ALRr

, where asc and p are the equilibrium

strategies and p =

PROOF: A > A° must hold for a specific value of p, if the subsidy
program reduces financial constraints. It can be shown that A > A° <

p > % = p. Proposition 1 gives that in the funding gap region

p < % = p. It can be shown that p > p. In addition we know from
Proposition 5 that for a glven p, p > p, so the lower bound of p is smaller

than p. Substituting for T for 0 in p = asc + (1 — age)d gives the

implicit form for p as a function of p, dsc and p that is p = %.
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Substituting p for p gives the lower bound of p in the implicit form and the
interval in Proposition 6. [

Propositions 4, 5 and 6 summarize the main result. R&D subsidies and the
related screening process can help financially constrained entrepreneurs to
get external financing for their innovation projects, if the share of high-type
entrepreneurs in the population is sufficiently high. Two different channels
generate this effect. The first one presented in Proposition 4 is a trivial
one: a subsidy reduces the amount of external capital needed, thus reducing
capital costs. The more interesting channel is the second one presented
in Proposition 5: subsidy observation provides additional information to
market-based financiers about the quality of the project. With this additional
information, market-based financiers are willing to fund entrepreneurs with a
subsidy with a lower rate of return and this reduces the funding gap.

The expected total welfare effect of R&D subsidies to a society, with p
belonging to the interval stated in Proposition 6, depends on the distribution of
initial wealth. What happens is that the initial wealth required to get financing
from private sources becomes smaller, ie A is transformed to A%. Figure 6
presents the the pledgeable incomes of a low and high type entrepreneurs,
REmax and RE™aand the share of a successful project that a financier requires
to invest in the project with and without a subsidy, ' and F. When a subsidy
program is introduced the repayment required by a financier declines from F
to F'° and, as a result, the funding gap region reduces from [0, A] to [0, A%].

The expected net benefit to the society from one project that has received
a subsidy is

EI%) = ascEME:) + (1 — asc) E(Msc.s)

In equilibrium Government is indifferent between the strategies SC' and NSC,S,
which implies that the expected payoffs from these two strategies are equal.
This gives

E<HG) - E(ch) - E(Hgsas) =

(I+gS — )\LRL) [)\H (RH + W) -1 - gS — C)] — 0 [/\H (RH + W) — /\LRL]
I+gS - )\LRL

Depending on the value of ¢ this can be either positive or negative. If

([—l—gS—)\LRL) P\H (RH+W) —]—gS—C)]
< M (R + W) — ALRyp)

then E(I1¢) is positive.'®

The expected total net benefit to the society depends on the share of
entrepreneurs whose initial wealth is in the interval [A° A]. As the mass
of entrepreneurs is normalized to unity, the total net benefit to the society is

E(11) / ! G(A)dA

18Note that this restriction on o is the same as the one derived by taking into account the
possibility that Government can close down the program, see footnote 16.
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Clearly the outcome is not the first-best: also some low-type entrepreneurs
are financed. However, if the total net benefit to the society is positive, the
subsidy program improves the market outcome under asymmetric information.

6 Conclusions

This study examined the role of R&D subsidies in reducing financial constraints
created by adverse selection. Financial constraints are one of the rationales
used to justify government intervention in the form of R&D subsidies. The
findings of this study provide insights into under which conditions and
through which channels R&D subsidies could be expected to alleviate financial
constraints. The following conclusions can be drawn:

e Asymmetric information about the quality of R&D projects creates
financing constraints for collateral-poor firms, if there is non-negligible
share of non-viable projects within the economy.

e R&D subsidy policies that involve screening of the projects are
sustainable, if the screening costs are low enough.

e The higher the expected loss generated by low-quality projects and
the lower the share of high-quality projects within the economy, the
higher the screening costs can be without rendering screening activities
unsustainable.

e Under the above circumstances R&D subsidies can reduce financing
constraints. This effect is generated through two different channels: 1)
The subsidy in itself reduces the cost of external capital because the need
for market-based financing diminishes. 2) If market-based financiers can
observe that a project has received a subsidy from the public agency,
the subsidy provides an informative signal about the quality of the R&D
project. A subsidy-observation increases the success probability of the
project anticipated by the market-based financier. This reduces the cost
of external capital for subsidized projects.

These findings highlight that the screening activities related to R&D subsidy
policies can have a role of their own in reducing financial constraints. Instead
of merely allocating subsidies, the public agency could have a certification role
and yet reduce the financing constraints. This raises the question of whether,
in terms of financial constraints, it would suffice to reduce the asymmetry
of information merely through screening. We find, however, that granting
funding besides screening not only strengthens the leverage effect but also
makes screening more efficient in discouraging low-quality entrepreneurship.
Even if we consider public screening to be a solution to the financial
constraints, an additional question is: do we need a public screening agency or
are there ways to increase the screening activities of market based financiers?
It can be argued that public screening activities only crow out private ones and
hinder the development of efficient screening technologies in financial market..
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While this paper is more a positive analysis of application and allocation
of R&D subsidies rather than normative welfare analysis of R&D subsidies,
the findings suggest that under certain conditions R&D subsidy policies
may be welfare improving. However, we focus on the range of parameter
values where all entrepreneurs suffer from financing constraints. If high-type
entrepreneurs not suffering from financing constraints get subsidies, this limits
the welfare-improving prospects of subsidy policies. Nonetheless, the screening
activities of the public financier may prevent some low-type entrepreneurs from
getting such market-based financing they would obtain in the absence of public
funding. But even in the funding gap region the outcome is not fully efficient
- also some low-quality projects are funded, and future work should consider
optimal policy.
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Appendix

In this appendix we briefly sketch the comparative statics of Government
screening probability agc in the full game where the entrepreneur’s repayment
obligation F%is endogenous. After tedious algebra, it turns out that the partial
derivatives of age with respect to o, ¢, A, and S are given by

dasc AL (()\I}‘IS_—/;\Z)]ng) (I —-A=S+c)

9o [ ANM(RL,—FS)—A+e)2— Mg —A)Q1—0)(I—A—S+c)

XQAL<X(RL——F6)+wa

(‘MSC _
dc AAL(RL —FS)—A+e)2—(Ag —A\) 1 —0)(I—A—S+c)
dase )\()\LJr)\)c
0A AAL(RL—FS) —A+0)2— Mg —A)1—0) (I —A—S+c)c
and
dase M [M O — M) (1 — ase) (ﬁ) (J—A—s—c)] ¢
a5 AAL(RL—FS) = A+ 2= Oy —MA\)1—0) (I —A—S+c)c
If the denominator is positive then 83% < 0, a%% < 0, Ba% < 0 and
fase > (.

Note first that in equilibrium 6 is given by the exogenous parameters. It
can then be shown that when 6 = 1 the denominator is positive. Moreover it
can be shown that the denominator reaches it’s minimum, which is negative,
at a negative value of 6. As a function of , the denominator is an upward
opening parabola, so by continuity there must be an interval of 6 € [f, 1],

where the denominator is positive. The restrictions imposed on ¢ and p imply
[—gS—/\L Ry, 1
Mg (Rg+W)-ALRp’

(or p) is sufficiently close to unity, there are financially constrained high-type
entrepreneurs and the denominator of the partial derivatives is positive.

Consequently, if ¢

that in the funding gap region 6 €
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Figures 1-6

Market-based financing with different values of
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Figure 2. Extensive-form representation of the application
process with perfect screening
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Figure 3. Plausible government strategies with different
values of screening costs (6) and different share of
high-type entrepreneurs in the economy (p)
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Figure 4.

Optimal strategies for government with different
values of 1
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Figure 5. Change in region 1, when a subsidy program is

introduced
A 4
Ay (=2 R,))|
A2 |
/”1 - ﬂ‘Hj'L (RL RH
/111 - ZL
T =t (1—S+e-IR,)
Ay =4
\
~~~~~
Region 1: None of the projects is financed. | ‘\\
\
\
0 —_ I-4R,
d (;LH _ﬂ’L )RH

38




Figure 6.
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