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Abstract

This paper investigates how the growth rate of a sector can be in�uenced not only by
the initial state of technology but also by the �nancing of innovation. I �nd that the
relation between the state of technology and the growth rate is not continuous.As the
distance of a sector to the technological frontier narrows, the alternative to innovation
(imitation) becomes relatively more pro�table. This implies that more imitation is
undertaken, both if it is �nanced with debt or with equity. As the technological gap
narrows too much (that is for sectors at a low distance to the technology frontier),
�nancing for innovation is available only for unskilled entrepreneurs, due to adverse
selection e¤ects. It turns out that in this region of close distance to the frontier,
the growth rate is very low due to the no participation of skilled entrepreneurs to
innovation projects. In this way the �nancing of innovation may explain the low
growth rate of economies which have only small technology gaps with respect to the
world frontier.
JEL Codes: G10, O00, O31
Keywords: Innovation, imitation, �nance, state of technology, distance to the fron-

tier
PRELIMINARY AND INCOMPLETE

1 Introduction

In recent years there has been a wide debate about the �nancing of innovation. In-
deed, often �rms have ideas but do not have funds, therefore they have to be �nanced
externally. The major problem of external funding of R&D is that it is greatly a¤ected by
information asymmetries. In this sense, a wide literature has focused on various institu-
tional factors: �nancial development, specialization of investors, the level of legal investor
protection and contract incompleteness.1 However, these factors require a di¤erent set of

�Acknowledgements: I am very grateful to L. Bottazzi, and to J. Ventura F. and R. Ranciere for
very useful comments. I am also grateful to J. Shapiro, R. Marimon, A. Caggese and G. Gancia and all
participants to seminars at Pompeu Fabra (Innovation Workshop and GRASS), UCD (Edge Jamboree
2004), Bocconi, Un. Navarra (SAE 2004). All errors are mine. Most of the proofs are in the appendix
section, some others are available on request: francesco.bripi@uni-bocconi.it

1For �nancial development, see for example the theoretical contribution of De la Fuente and Marin
(1996), while an important empirical work is Rajan and Zingales (1998). For the legal investor protection
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conditions that often depend on the countries and the sectors under consideration (Gom-
pers and Lerner, 2001; Black and Gilson, 1998).

One aspect that has received little attention is how the state of technology (s.o.t.
henceforth) a¤ects the relation between innovation and �nance. With the term s.o.t. we
mean whether an entrepreneur operates in a sector that in her country is more or less
distant to the world technology frontier. This variable has two interesting characteris-
tics when related to innovation. First, the s.o.t. determines whether entrepreneurs have
pro�table alternatives to innovation. In fact, in sectors at the world technology frontier
entrepreneurs may only undertake projects that shift out the current frontier (innovation).
Instead, in sectors inside the frontier entrepreneurs may also undertake projects that im-
prove upon the local sector technology, but does not reach the world frontier (imitation).2

Second, technology is also a product of institutional factors (like �nancial development,
legal investor protection, etc...), and so it can be used as a proxy for the institutional level
of an economy.

We argue that the �nancing of innovation has two important implications on the
productivity growth rate depending on the s.o.t.. First, whether a sector inside or at
the world technology frontier implies that entrepreneurs incentives change. In fact, if
entrepreneurs operate inside the frontier they may undertake innovation or imitation; at
the frontier they may only undertake innovation. This implies that since the projects
relative payo¤s are di¤erent in one or the other case, also the �nancial frictions are more
or less important. Second, we also argue that the way �nancial frictions a¤ect productivity
growth changes in sectors more or less distant from the frontier. In particular, when a
sector is inside but close to the frontier, we show that �nancial frictions do not allow
skilled entrepreneurs to be �nanced for innovation. In this last case, productivity growth
would be lower and therefore a form of �nancial development is needed. In particular, we
provide two examples of �nancial development as possible extensions, so that productivity
growth may be increased: partial creditor protection and investor activism in the equity
contract. These examples are to be intended as possible extensions; in fact, the model is
�exible enough to allow di¤erent changes to the basic �nancial contracts.

These results are particularly useful to explain why in the last decade the productivity
growth rate of the most advanced European economies has been very low with respect
to the US, especially in sectors at high innovation potential. In fact, as reported by
Gordon (2004), after decades of catching up, the divergence between the two economic
blocks started in the 90�s when the productivity gap with the US was limited: "The growth
rate in output per hour over 1995-2003 in Europe was just half that in the United States,
and this annual growth shortfall caused the level of European productivity to fall back from
94 per cent of the United States level to 85 per cent."3 With regard to this problem,
an increasing number of studies have focused on the role of various factors that might
positively facilitate the �nancing of innovation activity in Europe: the development of
venture capital markets, legal investor protection reforms, dynastic management, labour

literature see the seminal papers of La Porta et al. (1997 and 1998). For contract incompleteness, see
Aghion and Bolton (1992). For the specialization of investors see Casamatta (2003). A recent comprehen-
sive review of the literature is Levine (2004).

2This activity usually consits of adoption of technology from the world frontier.
3Gordon, 2004, page 1.
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market reforms, etc...4 With respect to this literature, we take the view that the �nancing
of innovation plays an important role in explaining low productivity growth. Moreover,
we add to the current literature the idea that �nancial frictions have a negative impact on
investment and productivity growth only at advanced stages of the s.o.t..

The idea why at advanced levels of the s.o.t. productivity growth is slowed down can be
explained as follows: even if �nancial contracts are designed so as to reduce the problems
of information asymmetry, entrepreneurs convenience to invest in innovation (relative to
imitation) changes if they are more or less distant to the world technology frontier. When
they are very distant, they �nd very convenient to undertake innovation. Instead, at short
distance levels entrepreneurs do not undertake it because expected returns from innovation
are lower than those of imitation: in this way, technology catch up with the frontier is
hampered in sectors with small technology lags.

In order to understand the mechanism behind the distance to the frontier and the
�nancing of innovation, we provide the following example. Consider that entrepreneurs
in technology laggard countries have to decide what type of investment (innovation or
imitation) to undertake. In this respect, they compare the expected pro�ts from the
two activities but also take into consideration whether asymmetric information with the
investor generates a cost of capital that is too high to undertake innovation. In our case,
information asymmetry is due to the di¤erent skills of the entrepreneurs (high or low skills).
The investor o¤ers two types of contracts: the �rst excludes highly skilled entrepreneurs
from innovation (due to adverse selection): debt; the other alleviates the problems of
asymmetric information: equity. The interesting result is that when the technology gap
with the frontier is small, innovation may not be �nanced with equity. In fact, since
expected returns from innovation are lower than those of imitation, entrepreneurs demand
a too high share (for innovation) with respect to what investors are able to give up. Then,
when the technology gap is small, the equity contract cannot be signed and highly skilled
entrepreneurs do not undertake innovation. In this case it is appropriate to improve the
�nancial contracts. Two examples of �nancial development are provided. In the �rst
case, the debt contract is improved with partial creditor protection against default. In
the second example, the equity contract is improved by allowing the investor to exert an
active role on the R&D process of the �rm. It is shown that investor activism can enhance
growth more than creditor protection.

As stated above, we consider that the investor may o¤er two �nancial contracts: debt
and equity. Debt is considered because it is the most natural and di¤used �nancial con-
tract and our model predicts a form of credit rationing that is consistent with a wide
literature on the �nancing of innovation (Guiso, 1997). Equity is also very di¤used and
plays a considerable role in the �nancing of innovation (Black and Gilson, 1998; Kaplan
and Stromberg, 2003). Indeed, equity in our model is such that it just alleviates the prob-
lems of asymmetric information. In particular, this feature of the equity contract re�ects
the reality of �nancial development where information asymmetries are only imperfectly
solved. Moreover, considering only these two �nancial contracts is su¢ cient to re�ect

4Hege + al. (2003), Bottazzi and Da Rin (2002) for empirical analysis of Venture Capital in Europe;
for dynastic management see Panunzi, Buckhart, Shleifer (2003) and also Gennaioli Caselli (2020202) at
macroeconomic level. See Gordon (2004) for a review.
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the main characteristics that �nancial contracts for innovation have Aghion and Bolton
(1992).5

In this respect, this paper derives endogenously two stylized facts:

1. High skills entrepreneurs may face credit constraints to innovation (Guiso, 1998);

2. High skills entrepreneurs may be �nanced using equity (Levine, 2004).

A more important implication of this model is that given the equilibria for a sector
inside the frontier, it is possible to relate these results to a distance to the frontier index.
The main results are:

1. Credit constraints are stronger in sectors close to the technology frontier;

2. The productivity growth rate of a sector is lower in the region where only debt is
feasible.6

3. Debt and equity are both feasible at the frontier.

The intuition behind point one is due to the impossibility of writing equity contracts.
In fact, with equity entrepreneurs� desired share of pro�ts increases as we move closer
to the world frontier, because the alternative activity to innovation (imitation) becomes
relatively more convenient than innovation, so entrepreneurs must be given a higher share
of pro�ts to undertake innovation. There is a threshold level where the desired share is
100%: after this point (i.e.: moving closer to the world frontier), investors refuse to sign an
equity contract, as their residual share would be zero. Therefore, only the debt contract
remains, but debt causes credit constraints to innovation due to adverse selection.

With regard to point two, it follows from point one. Since only debt is feasible in the
region close to the technology frontier, due to adverse selection only low skilled entrepre-
neurs undertake innovation. As a consequence, the productivity growth rate is lower (see
�gure 11).

Finally, the intuition behind point three is that since at the frontier thee is not imita-
tion, both contracts do not depend on the relative evaluation of pro�ts of innovation Vs
imitation, so both debt and equity can be signed.

Therefore, the model shows that if there are no obstacles to innovation other than
�nancial frictions, productivity growth may be slowed down. Low growth in the model is
driven by adverse selection and it happens only at advanced stages of the s.o.t. In this
way, we �nd that �nancial development plays a crucial role for productivity growth at
advanced stages of development.

1.1 Related Literature

This paper is related to three strands of literature. First, the paper is related to a recent
contribution by Aghion, Acemoglu, Zilibotti (2002). They use a speci�c assumption on

5For more recent empirical surveys on Europe, see also Aghion, Bond, Klemm, Marinescu (2003) for
UK �rms and Audretsch and Lehmann (2004) for German �rms.

6Productivity is also referred to TFP in throughout the work.
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the form of the TFP change of a sector, which depends of the relative skills of managers
to imitation or innovation projects: therefore, the form of the TFP is exogenous.7 In this
paper there are three main similarities with that work: �rst, �rms inside the frontier have
a double technology choice (innovation/imitation); second, there are imperfections in the
�nancial markets; third and most important, the growth rate can be lower at advanced
stages of development if institutional changes are not adopted.

Di¤erently from them, in this paper the growth rate is not derived imposing any
particular shape of a sector TFP, which instead is simply stated in the most general
possible way. Moreover, while they show that countries may adopt institutions that impede
technology transfer and slow growth, here more speci�cally growth is slowed down if
�nancial development is not adopted.

This paper is also related to the wide literature on the �nancing of innovation. It is
beyond the scope of this paper to present an exhaustive review of the literature here, but
we report few important contributions. The early literature has focused on credit rationing
to high tech �rms by banks; for example Guiso (1998) has argued that banks ration credit
to innovative �rms while preferring to �nance traditional activities, since they know more
of their businesses than about high tech �rms. A huge literature has looked at the role
of specialized investors (Gompers and Lerner, 2001) like venture capitalists. Di¤erently
from this literature, this work does not explore in depth the role of specialized investors,
but simply considers the links between the s.o.t. and the �nancial contracts to innovation:
debt and equity. Indeed, considering just these two contracts, is not in contrast with the
venture capital literature. In fact, as reported by Kaplan and Stromberg (2003), these two
contracts have the main characteristics of the complex contracts the venture capitalists
sign with the entrepreneurs.8 In addition to this, the work is also di¤erent from all the
literature on �nancial development and growth in the context of innovation-based growth
models, as for example in De la Fuente and Marin (2002) and Aghion et al. (2005). while
in all these works �nancial development has a positive impact on growth at all stages of
technology, our work is di¤erent because it stresses that the �nancial contracts need to be
improved only at late stages of development.

Third, it is related to the literature of agency problems in external �nance. In this
sense, Bernanke and Gertler (1989) and Aghion et al. (1999) have assumed that the access
to external �nance is limited by a multiple of the entrepreneur�s own wealth. Di¤erently
from them, no such mechanism is assumed here, since usually entrepreneurs have no
collateral at all for innovation activities.9 Moreover, Bencivenga and Smith (1993) showed
that credit rationing reduces growth due to adverse selection problems; while they limited
their analysis to credit contracts, here we extend the sources of external �nance also to
equity contracts.

The paper is structured as follows: in section 2, we set up the basic model. In section
3, we consider �nancing with debt for �rm in a sector inside the frontier; in section 4,

7 In particular, in AAZ (2004), the form of the TFP is such that it grows more rapidly with "large
non selective investments " in more backward economies, while in advanced economies, it grows more if
"selective projects" are chosen.

8See also Hall (2001) and Aghion and Bolton (1992).
9 In the Appendix an extension of the model replicates the main results of the paper when the entre-

preneur invests her own wealth.
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we model the same sector at the frontier with debt. Then, in section 5 there is �rms in
a sector inside the frontier with equity �nancing and in section 6 the model with equity
is extended to innovation in sectors at the frontier. Section 7 shows how the distance to
the frontier is associated with each form of �nancing (zero values) and section 8 contains
the consequences of these choices on the growth rates and some policy recommendations.
Section 9 concludes.

2 The model

Consider a closed economy where there are three types of agents: entrepreneurs, specialized
workers, investors. Entrepreneurs lead individual �rms for the production of intermediate
or �nal goods. Specialized workers are researchers working in the intermediate sector
�rms. Investors have funds to �nance entrepreneurs projects. In the economy there are
V intermediate productive sectors (1; 2,.....v,....,V ). These inputs are used to produce a
unique �nal good (Y ) according to the following production function:

Yt =
1

�

VX
v=1

A(v)1��t k(v)�t (1)

where A(v)t is the TFP of �rms operating in sector v (it also represents the quality
level of that good), k(v)t is the amount of input v used in the �nal good production and
� (2 (0; 1)) is the intensity of capital parameter.10 Following standard quality improving
models, we assume that the �nal good is produced competitively, while every intermediate
good v is produced by the �rm that wins the patent race in every period.11

The timing is as follows: each period is divided into two consecutive subperiods. At
the beginning of the �rst subperiod all entrepreneurs engage in a patent race undertaking
R&D projects (innovation/imitation): the �rst successful entrepreneur obtains a patent
that grants her the right of producing the intermediate good in the second subperiod as
a monopolist. After the second subperiod, a new period starts with another patent race.
Moreover, the timing comes at regular intervals for simplicity and is shown in �gure 1:

INSERT FIGURE 1 HERE

At the beginning of the patent race period, in each of the intermediate sectors the
previous period TFP [A(v)t�1] is available to any �rm.12 For each sector a patent race
starts in order to improve the quality of each good. The improvement in quality may come
form two di¤erent activities: imitation and/or innovation.

10So production of �nal goods depends only on capital inputs.
11Note that all the analysis does not consider the economy as a whole, but sector by sector. Considering

each sector separately is simply due to the fact that we do not impose any a priori rule of aggregation
across sectors. Each sector productivity depends only on its own technology, so I ignore cross sectors spill
- overs.
12With some abuse of terminology, quality, knowledge and TFP are used indi¤erently.
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A successful imitation brings about a limited increase in the sector TFP, while with a
successful innovation the increase in TFP is highest.13 So, the sector TFP (A(v)t) evolves
as follows:

At(v) = 

_
At�1(v) if innovation succeeds

At(v) = 
At�1(v) if only imitation succeeds

where At(v) is the local sector technology level and
_
At�1(v) is the world sector tech-

nology frontier (see �gure 2).

INSERT FIGURE 2 HERE

This expression says that if at time t an innovation project succeeds, the �quality�
improvement is of a proportion 
 (with 
 > 1) of the previous period world technology

frontier: 

_
At�1(v) ; while if all innovators fail, the �quality� improvement is smaller (


At�1(v)) if there is a successful imitation.
As entrepreneurs improve upon the old technology, this becomes immediately obsolete:

in this sense innovations are drastic. However, we assume for simplicity that innovation
does not displace imitation. For example, if one entrepreneur is successful at innovation
and anoother at imitation, the innovation good does not drive imitation out of the market.
While this assumption might be at odds with the standard on quality improving models
(Grossman and Helpman, 1991)14, it can be justi�ed if we consider for example that for
each sector v, there are two goods, which are imperfectly substitutable: one has a high
productivity growth potential (innovation) and the other has a lower productivity growth
potential (imitation). A similar approach has been thouroughly discussed by Aghion +
al. (2001).

We assume that imitation does not require any speci�c skill, while innovation requires
a certain degree of skill or �intelligence.�With respect to this, entrepreneurs are assumed
to be of two types: those with low entrepreneurial skills (L-types), who correspondingly
have a lower probability of success, and those with high entrepreneurial skills (H-types),
who correspondingly have a higher probability of success. The di¤erence in skills matters
for the �nancing of innovation, as the type is private information of the entrepreneur.

Finally, for each sector there is a �nite amount of entrepreneurs X, of which H are of
H-types and the L are of L-types: X = H + L.

13 It could be argued that if the initial level of knowledge of a sector is very much inside the frontier,
then it is very hard to reach it and to go beyond it with a single project. Some literature has put forth
this point arguing about the disadvantage of backwardness (Papageorgiou, 2002). However, another part
of the literature has also argued about the advantage of backwardness (Gerschenkron, 1962). While the
point is debated among economists, we take the view that there is no restriction or other impediment to
adopt foreign technology. There are two reasons for this choice. First this allows to compare innovation
projects in sectors at the frontier and inside the frontier more easily. Second, we just want to focus on
�nancial frictions at the R&D stage. For a similar approach see Howitt (2000), and Aghion et al. (2002).
14Grossman and Helpman (1991, chap. 4) make the case of non drastic innovations. In this case, they

argue that limit pricing by the technology leader drives the follower out of the market. See also Barro and
Sala-i-Martin (2004).
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3 Debt inside the frontier

3.1 Imitation

Imitation will improve a sector TFP according to the following law of motion:15

At =

�

At�1 with prob. zN�

t

0 otherwise

where Nt is the amount of funds invested in imitation. The probability of success
increases at a decreasing constant rate (�, where 0 < � < 1). The constant z guarantees
that the probability is bounded: zN�

t < 1. The expression says that imitation, if successful,
will bring about an increase in TFP as big as a 
 factor (
 > 1) with respect to last period
technology level (At�1).

If all costs are �nanced by external �nance (debt) at the gross interest rate Rt, and
because imitation is independent of the type of entrepreneur (H or L), expected total
pro�ts of imitation (E (�M )t) are

E (�M )t = zN�
t [�(�)At �RtNt] (2)

That is to say that with a probability zN�
t , the entrepreneur is successful at imitation;

in this case she enjoys pro�ts from imitation �(�)At,16 and is able to repay the debt, for
the amount of funds borrowed Nt at the gross interest rate Rt. We therefore assume that
R&D output from imitation (but also from innovation) is fully veri�able.

3.2 Innovation inside the frontier

If an entrepreneur is successful with innovation, she will then be a monopolist in this
sector at least until the end of the current period; on the other hand, in case of a failure,
she gains nothing and defaults on her debt. She will then maximize the expected pro�ts
of innovation (E(�i)t)

E(�i)t = zN�
t

pi
X

h
�(�)

_
At �RtNt

i
for i = H;L (3)

Similarly to imitation, expected pro�ts from innovation are: a) �nanced externally
by an investor at the interest rate Rt; b) increasing in the amount of production pro�ts:

these are represented by �(�)
_
At(see Appendix A for details). Di¤erently, from imitation,

innovation depends on: c) a probability of success which depends on an intrinsic parameter
(pi), which in turn depends on the type: it is lower for L-types than for H-types: 0 <
pL < pH < 1; d) the actual number of entrepreneurs participating in the patent race for
innovation (i, for i = H;L), that is, as more participants in the race reduce the individual

15From now on, we drop the (v) notation for the sector TFP, where it creates no confusion.
16 In particular, �(�) = (�� 1)�

1
��1 , where � is the price of the intermediate good and � is the intensity

of capital parameter (see Appendix A details).
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probability of success (piX ).
17

As stated above, the two types of entrepreneurs di¤er in skills. This represents any
kind of skills that makes it easier for some entrepreneurs to do innovation and less easy
for others. For example, this could be due to organizational or deeper knowledge of the
sector of some entrepreneurs with respect to others; obviously; it does not refer to the
skills of specialized workers who are homogeneous with regard to this characteristic.18

3.3 Entrepreneurs indi¤erence curves

Notice, �rst, that each entrepreneur would like to maximize expected pro�ts from inno-
vation.19 However, in order to increase the probability of success either for innovation
and for imitation, each entrepreneur increases the investment in R&D (Nt) in order to
increase the probability of success (see the term N�

t in 2 and in 3 ). By doing so they
squeeze expected pro�ts as much as possible. To determine how much expected pro�ts
are squeezed, notice that they will prefer to undertake innovation inasmuch as expected
pro�ts from this activity are higher than those of the alternative activity (imitation). That
is to say that the participation constraint to innovation

zN�
t

pi
X

h
�(�)

_
At �RtNt

i
� zN�

t [�(�)At �RtNt] for i = H;L (4)

is always binding for both types.
Solving (4) requires imposing that in equilibrium, because of competition in the patent

race, pro�ts fall until the marginal entrepreneur is indi¤erent between the two activities.
In this way, we can derive the indi¤erence curves of both types of entrepreneurs:

NE
i : Nt =

�(�)
_
At

Rt

"
1� X

pi
at

1� X
pi

#
for i = H;L (5)

where at = At_
At
is an inverse index of distance to the frontier20. The two curves are

shown in �gure 1.

17The probability of success here is modelled with two implicit assumptions: �rst, each type of entrepre-
neur uses a similar research strategy; second, there cannot be two winners at the same time. For a similar
approach, see Zeira (2003).
18Notice that we have speci�ed the debt contract excluding the possibility that the entrepreneur invests

its own funds in the project. However, this assumption is not a shortcoming of the model; in fact, as it is
shown in Appendix B, the same results hold even in the case that the entrepreneur invests her own wealth.
19The maximization plan should be:

max
fNt;Rtg

zN�
t

pL
x

h
�(�)

_

At �RtNt

i
s.t. zN�

t

pL
x

h
�(�)

_

At �RtNt

i
� zN�

t [�(�)At �RtNt]

s.t.Nt � 0

20Notice that when at = 1 the sector is at the frontier, while if at = 1
2
the sector is at half distance and

so on.
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INSERT FIGURE 3 HERE

With regard to the indi¤erence curves, three observation are due. First, consider that
since entrepreneurs in the R&D race are competitive and there is free entry, their expected
pro�ts would be driven to zero. This does not happen because as stated in the participation
constraint (4), expected pro�ts fall until they reach those of imitation. At this level there
is a locus of combinations of Nt and Rt which describes the indi¤erence curve for each
type.

Second, notice that both curves represent the highest amount of funds that H and
L-type �rms are willing to use in order to undertake innovation for any interest rate Rt.
That is to say that for each entrepreneur�s type the innovation area is the area south-west
of the respective indi¤erence curve. The intuition is that since �rms compete each other
in order to be the �rst to patent, they raise the amount of funds invested (Nt) in order to
increase the probability of success (see the N�

t component) as much as possible. Above
the indi¤erence curve, the costs are so high that it is more convenient (in expected values)
to undertake the alternative: imitation.

Finally, the position of the two curves can be explained as follows. Consider the case
in which both high and low skill entrepreneurs are charged the same interest rate (say
R). Then, since L-types are less e¢ cient (lower probability of success: pL < pH), for
this interest rate they will need to use a higher amount of funds in order to undertake
innovation instead of imitation. Indeed, when comparing the two indi¤erence curves as
in �gure 1, one can check that for every level of funds demanded by both types (Nt) the

indi¤erence curve of L-types will always lie above that of H-types.21

3.4 Investors indi¤erence curves

With regard to investors, the following assumptions are made: investors are perfectly
competitive, there is free entry and they are risk neutral. Moreover, we assume that there
is no collateral for innovation activities: this is not a strong assumption inasmuch as
innovative �rms mostly rely on the human capital of its researchers (specialized workers
in this framework).22

The investor knows that the entrepreneur (of types i) will repay the debt for the full
amount at the agreed interest only in case of success of the project, which happens with
probability zN�

t
pi
X , otherwise she will get nothing. Therefore, the expected total returns

E[TRif ]t of the investor (f) is

E[TRif ]t =

�
RtNt with prob. zN�

t
pi
X

0 otherwise
for i = H;L

21Notice that the derivative ofNE
i with respect to pi is negative:

@Nd
i

@pi
= �(�)

_
At

Rt

�
1�X

pi

�
X
p2
i

�
�
1�X

pi
at

�
X
p2
i�

1�X
pi

�2 < 0

for at < 1.
22For the role of collateral, see Besanko and Thakor (1987) where collateral is a sortice device to avoid

problems asymmetric information. Stiglitz and Weiss (1981) have an opposing view on the role of collateral.
However, see Appendix B where the debt contract is extended to the case where the entrepreneur invests
her own wealth.
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while the expected pro�t E[�if ]t is

E[�if ]t = zN�
t

pi
X
RtNt �Nt for i = H;L23 (6)

Due to free entry among investors, her expected pro�ts will be driven to minimum,
that in this case is the net return of a storage technology: r0Nt (r0 is the interest rate of
the riskless asset).

E
�
�if
�
t
= zN�

t

pi
X
RtNt �Nt = r0Nt for i = H;L (7)

This implies immediately that the indi¤erence pro�t curve of an investor �nancing an
innovation project to each type of entrepreneur (NF

L ) is:

NF
i : Nt =

�
R0
R

X

zpi

� 1
�

for i = H;L (8)

where is: R0 = 1 + r0. Note that L-types are charged a higher interest rate because
they have a lower probability of success than H-types.

3.5 Equilibrium inside the frontier with debt

Assume for the moment that information about the entrepreneurs types is symmetric. In
this case we can derive the symmetric equilibrium outcomes. From the indi¤erence curves
of each type (5) and from the investors zero pro�t curves (8), we can derive the equilibrium
amount of funds and interest rate of both types:

N�
d;L =

"
1� X

pL
at

1� X
pL

z

R0

pL
X
� (�)

_
At

# 1
1��

(9)

N�
d;H =

"
1� X

pH
at

1� X
pH

z

R0

pH
X
� (�)

_
At

# 1
1��

(10)

R�d;i =

8>>><>>>:
z

R0

pi
X

1�
1�X

pi
at

1�X
pi

� (�)
_
At

��
9>>>=>>>;

1
1��

for i = H;L

Notice that solving for
_
At and at, both N�

d;L and N
�
d;H depend positively on At. That is

to say that as the local technology improves, more and more funds are necessary to �nance
R&D innovative projects. Put it in another way, this is consistent with the assumptions
of Aghion et al. (2005) on the capital requirement of innovation projects.24 Moreover, the

23With regard to imitation we can proceed in a similar way. Then, expected pro�ts of an investor

�nancing an imitation project (E[�Mf ]t) are: E[�
M
f ]t =

v

RtNt �Nt

24This feature of the model that is often called "�shing out" e¤ect, is common to various quality im-
proving models See Eaton and Kortum (2005). This �shing out has no direct implications on the model,
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equilibrium interest rate charged to L-types is higher (R�d;L > R�d;H), while H-types can
borrow more in equilibrium (N�

d;H > N�
d;L) because they have a higher expected income.

Therefore, if we had symmetric information, the two equilibria would be in points A
and B as shown in �gure 3.25

INSERT FIGURE 3 HERE

3.6 Asymmetric information equilibrium

We now introduce asymmetric information. In order to derive the asymmetric equilibrium
outcomes, we start from the symmetric equilibria derived above. When information is
asymmetric, the equilibria imply that only L-types are �nanced for innovation, due to
adverse selection.

In particular, we have one important adverse selection result for a sector inside the
frontier:

Proposition 1 If an intermediate sector v is inside the frontier, there is a separating
equilibrium for innovation, with H-types undertaking imitation and L-types undertaking
innovation. This equilibrium is revealing for L-types, and it is at the point [N�0

L ; r
�0
L ].

Proposition 1 says that if the investor, due to asymmetric information, were to propose
any pooling contract (like in point D in �gure 3), this is accepted by both types. However,
the interest rate is too high for H-types to undertake innovation, but not L-types. So,
when the investor proposes a pooling contract, H-types undertake imitation, while L-
types undertake innovation. Then, since each type is revealed, a pooling contract cannot
be an equilibrium. This implies that the probability of success for L-types changes (from
pL
X to pL

L ) and so the equilibrium contract (for innovation) becomes the following:

N 0�
d;L =

"
1� L

pL
at

1� L
pL

z

R0

pL
L
� (�)

_
At

# 1
1��

(11)

R�d;L =

8>>><>>>:
z

R0

pL
L

1�
1� L

pL
at

1� L
pL

� (�)
_
At

��
9>>>=>>>;

1
1��

(12)

To see why we have this result, consider that NE
L is always higher than NE

H (see �gure
3), because since L-types have lower skills, they have to pay a higher interest rate for any
amount of funds. It follows that when the type is private information, there is an incentive
for L-types to demand the same amount as H-types so that they may pay a lower interest
rate. In terms of �gure 3, consider for example that if H-types demand an amount of funds
NH , then L-types can demand the same amount. This implies that since the investor does

as we do not consider general equilibrium implications. Finally, note that this feature is common to all
the equilibrium amount of funds: inside/at the frontier, with debt/equities.
25For simplicity, the curves are linear in the graphs, where this does not create confusion.
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not know the real type of each entrepreneur, she will o¤er a pooling contract at point D,
with an average interest rate of those of the two types [RD]. In our case, this average rate
is given by the average of the two zero pro�t curves NZ

H and N
Z
L . So, if there is a total of

X entrepreneurs, the average interest rate at Nt = N0 is a E(R�t jNt=NH ) given by:

E(RtjNt=NH ) = (LR�L +HR�H) =X (13)

Obviously, this rate is lower than any rate that L-types would be charged if their type
were known. So they would accept this rate. On the other hand, since RD is higher than
the equilibrium interest rate of H-types, these would be paying a rate higher than what
they can accept in order to invest in innovation. This implies that H-types are out of the
innovation market and so undertake imitation. L-types, instead, would accept this lower
interest rate. However, since their type is revealed, the equilibrium contract for them is
given by (11) and (12).

Note that this adverse selection result is only similar to standard cases of credit ra-
tioning in the literature of �nancing with asymmetric information, as in the paper of
Stiglitz and Weiss (1981). In that paper, rationing may happen when the investor �nds
that the project is too risky, even if entrepreneurs are willing to pay high interest rates.
Di¤erently, here H-types are not willing to accept a higher rate for innovation, so at this
higher rate they undertake imitation. Since high skills entrepreneurs do not undertake the
socially more convenient activity (innovation), we have a form of adverse selection result.

4 Debt at the frontier

If the sector is at the frontier, then quality improvements can only be obtained by inno-
vation, since there is no possibility of imitation. So, being at the frontier or inside of it
implies a di¤erent technological choice, which also alters the structure of incentives for the
entrepreneurs.

This implies that since there is no imitation, the participation constraint for investors
and for entrepreneurs is with respect to an alternative activity that we suppose to be a
storage technology. Then, in order to derive the equilibrium for both types, we need �rst
to derive the indi¤erence curves in this di¤erent economic environment.

4.1 Entrepreneurs indi¤erence curves

In order to derive the entrepreneurs indi¤erence curves, �rst consider that entrepreneurs
expected pro�ts:26

E

�_
�
i
�
t

= zN�
t

pi
X

h
�(�)

_
At �RtNt

i
for i = H;L (14)

Due to competition among entrepreneurs, their expected pro�ts would be driven to the
minimum possible amount: each entrepreneur will undertake innovation if the expected
pro�ts from innovation are higher than those of an alternative activity, which in this case

26

_
_

At represents the v sector TFP at the frontier (v is omitted, see footnote above)
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it is not imitation, but simply the storage technology with a net return of r0 for every unit
of money invested. The participation constraint for an L-type becomes:

zN�
t
pL
X

h
�(�)

_
At �RtNt

i
� r0Nt

From which we can derive the entrepreneurs indi¤erence curves (see Appendix C for
details):

_
N
E

i : Rt =
�(�)

_
At

Nt
� X

zpi

r0

N�
t

for i = H;L (15)

Di¤erently from the curves derived for a sector inside the frontier, in this case the

indi¤erence curves are higher for H-types:
_
N
E

H is higher than
_
N
E

L (see Appendix C). The
reason of this inverted order is due to the fact that now the alternative activity, the storage
technology, grows linearly in the amount of funds Nt. So, for example, consider that at
a given interest rate, since H-types produce more expected income, they are indi¤erent
between the two activities only when they demand more funds than L-types.

4.2 Investors indi¤erence curves and symmetric information equilibrium

In order to derive the curves of investors, consider that the expected pro�t of an investor
at the frontier �nancing entrepreneur is

E[
_
�
i

f ]t = zN�
t

pi
X
RtNt �Nt for i = H;L

imposing the equality of expected pro�ts with the storage technology:

E[
_
�
i

f ]t = zN�
t
pi
XRtNt �Nt = r0Nt for i = H;L

we get (as in the case of a sector inside the frontier) for L and H-types the same
relations as inside the frontier:

_
N
F

i : Nt =

�
R0
R

X

zpi

� 1
�

for i = H;L (16)

In turn, the symmetric information equilibrium values of the amount of funds and
interest rates for both types are derived from (15) and (16); they are:

_
N
�
d;i =

 
z piX �(�)

_
At

1 + 2r0

! 1
1��

for i = H;L (17)

_
R
�
d;L : Rt = R0

�
X

zpi

� 1
1��

 
1 + 2r0

�(�)
_
At

! �
1��

(18)

Notice, again that
_
N
�
d;H >

_
N
�
d;Land

_
R
�
d;L >

_
R
�
d;H .
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Notice that di¤erently from a sector inside the frontier, the interest rates of H-types is
lower, while the amount of funds is higher. They are shown in �gure 4.

INSERT FIGURE 4 HERE

4.3 Asymmetric information equilibrium

As in the previous section, we now proceed to see how the model works under asymmetric
information. In particular, we will show the following proposition:

Proposition 2 If an intermediate sector v is at the frontier, there is a pooling equilibrium
for innovation, with only H-types undertaking innovation and L-types undertake imitation.

This equilibrium is revealing and it is at the point
h_
N
�0
d;L;

_
R
�0
d;H

i
.

Proposition 2 states that the equilibrium debt contract at the frontier excludes L-
types from the patent race. In this sense, the equilibrium is revealing for H-types, and the
equilibrium debt contract o¤ered by the investor for innovation is given by:

_
N
�0
d;H =

_
N
�
d;i =

 
z pHH �(�)

_
At

1 + 2r0

! 1
1��

_
R
�0
d;H : R0

�
H

zpH

� 1
1��

 
1 + 2r0

�(�)
_
At

! �
1��

Notice that in �gure 4 the respective equilibrium values (of symmetric information)
for H and L-types are at points A and B, whose values are given by (17) and (18). Also
in this case it turns out that there is an incentive for one of the two groups to hide its
type. In fact, consider what happens if an L-type entrepreneur were to hide her type,
and consequently demand the same amount of H-types (

_
NH). However, the investor does

not o¤er an average rate as at point D, this is because this rate is too high for both
types. However, the investor may o¤er a contract at point B. At this point, L-types
would be charged a higher interest rate than at their point A for innovation, and so they
undertake imitation. H-types, in turn, would be charged exactly the interest rate of perfect
information, so they accept it. Then, point B is a pooling equilibrium contract, because
both types accept it, but only H-types undertake innovation.

We can now summarize the results obtained so far with debt. Asymmetric information
has di¤erent consequences on innovation whether a sector is inside the frontier or at the
frontier:

a) in the sector inside the frontier, it drives H-types out of the innovation market and
they undertake imitation, while innovation is undertaken by L-types;

b) in a sector at the frontier it is the reverse: H-types undertake innovation while
L-types invest in the storage technology.
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5 Equity inside the frontier

In the previous section we have found that the debt contract always creates equilibria such
that just one type undertakes innovation. We now proceed to investigate what happens if
the contract speci�es the cost of �nancing in terms of a share of expected pro�ts. We call
this the equity contract.

If innovation projects are �nanced with equity, it means that the entrepreneur will
have to give up part of �rm ownership to the investor. In turn, the investor will get a
share of pro�ts in exchange for the investment. In the following subsection we will focus
on equity without any form of monitoring in order to show that this is su¢ cient to remove
some of the ine¢ ciencies that we have with debt. In section 8.1.2 we introduce a form of
investor monitoring with the equity contract.

5.1 Entrepreneurs indi¤erence curves

Consider an entrepreneur undertaking imitation �nanced with equity by an external in-
vestor. Let � be the share of innovation pro�ts of the entrepreneur for imitation and it is
exogenous (with � < 1

2). Then, adapting (2), her expected pro�ts from imitation are

E
�
�Meq

�
t
= zN�

t �� (�)At

that is to say that with a probability zN�
t , the entrepreneur is successful with imitation,

and gets a share of pro�ts: �� (�)At. Expected pro�ts from an innovation project �nanced
with equity are:

E(�ieq)t = zN�
t

pi
X
�� (�)

_
At for i = H;L

where � is the variable describing the share of pro�ts of the entrepreneur: 0 < � < 1.
In order to derive the indi¤erence curve in this case, consider that an entrepreneur

is willing to undertake innovation if the expected pro�ts are higher than expected prof-
its coming from imitation; so, for example, for L-types, we have E(�ieq)t � E

�
�Meq

�
t
.

Imposing this constraint implies:

zN�
t
pL
X �� (�)

_
At � zN�

t �� (�)At

from which we derive the following:

�EL =
X

pL
�at and �EH =

X

pH
�at (19)

Both of the indi¤erence curves represent the minimum share of pro�ts desired by the
entrepreneurs such that she undertakes innovation. Note that while the order �EL > �EH is
not immediately intuitive, it can explained by the following reasoning. These values are
the desired shares that entrepreneurs have before they meet the investor. In particular,
since the skills of H-types are higher, their reservation utility is for a lower share of pro�ts;
this implies that they can accept to undertake the more di¢ cult activity (innovation) for
a lower share of pro�ts than what L-types can do. Finally, note that both the desired
shares do not depend on Nt (see �gure 5).
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5.2 Investors indi¤erence curves and symmetric equilibrium

On the supply side, the investor �nancing innovation gets the following expected pro�ts:

E(�ieq;f )t = zN�
t

pi
X
(1� �i) � (�)

_
At �Nt for i = H;L

Imposing the equality relation with the storage technology

zN�
t
pi
X (1� �i) � (�)

_
At �Nt = r0Nt for i = H;L

we have the indi¤erence curves for the investors:

NF
i;eq : Nt =

"
(1� �) pi

X

z� (�)
_
At

R0

# 1
1��

for i = H;L (20)

Both the zero pro�t curves are downward sloping with respect to � (see �gure 6). The
reason is that the higher is the initial outlay of the investor, the higher her reward has
to be (share of pro�ts: 1 � �) in order for the investor to �nance innovation. Moreover,
notice that the areas where innovation is �nanced is south-east with respect to the each
zero pro�t curve.

From the indi¤erence curves of the investor and of the entrepreneur derived above we
have the following symmetric information equilibrium values for each type:

N�
i;eq =

"�
1� X

pi
�at

�
� (�)

_
At

R0

pi
X

# 1
1��

for i = H;L (21)

��i =
X

pi
�at for i = H;L

with ��L > ��H , and N
�
H;eq > N�

L;eq, as shown in the graph below

INSERT FIGURE 5 HERE

5.3 Pooling equilibrium

Consider now the symmetric information equilibrium points A and B in �gure 5.
In case of asymmetric information, we can derive the following result:

Proposition 3 In a sector inside the frontier, if innovation is �nanced with equity, there
is a pooling equilibrium such that H-types and L-types undertake innovation.

To get the intuition, consider that with asymmetric information, points A and B are
not in equilibrium.

In fact, if information is asymmetric, H-types, might demand the same amount of funds
of L-types (N�

L;eq), in order to grab a higher share of pro�ts than what they could get at
their reservation level (point B). In this case, the investor might o¤er a pooling contract in
point D because she is unable to discern the true type, where she receives the same share
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(1� �D) from both types . At point D, L-types would be better o¤ because for the same
amount of funds they gain an additional share of pro�ts (�D � �A) and H-types would
bene�t even more because their share of pro�ts increases by the di¤erence (�D � �B). It
follows that the pooling contract in D is an equilibrium contract where H-types are better
o¤ than if they were to accept the separating contract in B. In particular, the contract D
is speci�ed by the pair:

N�
i;eq =

"�
1� X

pL
�at

�
� (�)

_
At

R0

pL
X

# 1
1��

�EL = �EH =
X
v
p
�at

Then, the main result with the equity contract inside the frontier is that both types
participate to the patent race for the innovation.

6 Equity at the frontier

6.1 Entrepreneurs indi¤erence curves

In the sector at the frontier, expected pro�ts of the entrepreneurs are the following

E(
_
�
i

eq)t = zN�
t

_
�i
pi
X
� (�)

_
At for i = H;L

where
_
�iis the variable for the share of pro�ts of the entrepreneur innovating at the

frontier. At the frontier, since there is no imitation, competition drives expected pro�ts
to the lower bound determined by the net return on the storage technology. Therefore,

the innovation participation constraint is given by E(
_
�
i

eq)t � r0Nt and from this, the
indi¤erence curve of the entrepreneur (for each type) is derived:

_
�
E
i =

X

zpi
N1��
t

r0

� (�)
_
At

for i = H;L (22)

Di¤erently from the case inside the frontier, the desired share of pro�ts increases with
the funds invested. This is due to the fact that the two technologies grow at di¤erent speeds
with respect to the amount of funds. In fact, while the storage technology return increases
proportionally to Nt, the innovation technology increases less than proportionally. So,
in order for an entrepreneur to undertake innovation, it needs that her desired share of
pro�ts increases as more funds are invested. Moreover, notice that again

_
�
d
L >

_
�
E
H ; the

reason for this ordering is the same as in the case inside the frontier.

6.2 Investors zero pro�t curves and symmetric equilibrium

In order to derive the investors zero pro�t curves, we need to consider the expected pro�ts:
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E(
_
�
i

eq;f )t = zN�
t

pi
X

�
1�

_
�i
�
� (�)

_
At �Nt for i = H;L

Also here, imposing the equality condition with the storage technology, gives (derived
in a way similar to the case of equity inside the frontier, in Appendix C):

_
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(23)
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_
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�
� (�)

_
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i 1
1��

(24)

Deriving the symmetric information equilibrium from previous expressions (22) and
(23) and (24), the symmetric information equilibrium amount of funds would be:

_
N
�
i;eq =

"
zpi
X

� (�)
_
At

1 + r0

#1��
for i = H;L (25)

and the equilibrium share of pro�ts is given by

_
�
�
L =

_
�
�
H =

r0
1 + r0

(26)

Notice that di¤erently form the case inside the frontier, they are exactly the same, but
this is just a technical feature of the model.

6.3 Equilibrium

Consider now the separating equilibrium in points A and B as reported in �gure 6.

INSERT FIGURE 6 HERE

Di¤erently from the case inside the frontier, the problem of asymmetric information
does not cause adverse selection. The reason is that the equilibrium share of pro�ts of
H and L types (26) are the same. So, the separating contract at the points A and B (in
�gure 7) is an equilibrium contract, because no entrepreneur has an incentive to deviate
by hiding her type.

Proposition 4 In a sector at the frontier, if innovation is �nanced with equity, there is
a separating equilibrium such that both types are �nanced for innovation.

It is due to remark that this is a particular result which is simply due to the technical
details of the model. Despite it might look a shortcoming of the model, we argue that this
is not the case for two reasons. First, since we are mainly interested to see the �nancing of
innovation in a sector inside the frontier, what is relevant for the model is that �nancing
at the frontier is available for both types with at least one of the two contracts. Second,
it is often argued that problems of information asymmetry are lower in more developed
countries (citation) and our result is not at odds with this view.

More in general, we can sum up all the results obtained so far:
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a) When the sector is inside the frontier, in equilibrium
a1) there is adverse selection with the debt contract, so that only L-types are �-

nanced for innovation;
a2) there is a pooling with the equity contract, so that both types are �nanced for

innovation;
b) When the sector is at the frontier, in equilibrium

b1) only H-types undertake innovation, if this is �nanced with debt;
b2) both types undertake innovation, if it is �nanced with equity.

7 Zero Values

Until now we have found the equilibrium contracts for each situation (inside/at the fron-
tier) and contract (debt/equity) careless of when these contracts are actually implemented.
It turns out that in sectors with initial technology inside the frontier not all contracts are
always feasible, and the choice crucially depends on the distance to the frontier index at.

To understand this point, in this section we derive the so called zero values, that is the
values of the index of distance to the frontier such that the equilibrium amount of funds
either with debt and with equity (for sectors inside the frontier) is non negative. This
allows to determine which contract will be used according to the initial s.o.t. (or distance
to the frontier).

7.1 Debt zero values

Consider the case of debt �rstly.
a) The equilibrium amount for funds of L-types (9) is given by the following con-

dition: N�
d;L � 0 =)

�
1� X

pL
at

1� X
pL

z
R0

pL
X � (�)

_
At

� 1
1��

� 0. Solving for at, the previous relation

implies that at � ad;L =
pL
X .

27

b) Similarly, for H-types, the condition (given by 10) is N�
d;H � 0 requires that

at � ad;H =
pH
X .

Notice that from points a) and b) we have that debt is allowed as long as at > ad;i
(for i = H;L), which implies that if at is below one or both the thresholds, the debt
contract will not be applied. This is because as we move farther from the frontier (that
is as at is very low) innovation becomes relatively more convenient; so entrepreneurs are
indi¤erent between the two activities for a lower amount of funds invested. At ad;L=H the
cost reduction reaches the minimum amount: zero.28

27Note that in the expression

N�
d;L =

�
pL
X

� � 1� X
pL

at

1� X
pL

�
� (�)

_

At, the sign of the denominator [1 � X
pL
] is negative . Therefore, the

positivity condition N�
d;L � 0 requires that: 1� L

pL
at � 0:

28Another way to see this is to consider that when the production pro�t of the alternative activity
(imitation) [� (�)At] is so low with respect to one of innovation [� (�)

_

At], entrepreneurs raise costs (from
the origin to north east: see �gure 3) just a little, the inferior technology becomes immediately more
convenient (in expected values).
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In other words, as we move farther from the frontier (At decreases relatively to
_
At)

imitation becomes relatively less convenient for any pair of costs (Nt; Rt) to innovation;
so innovators may decrease their costs more (inward shift of NE

i ) to reach the indi¤erence
locus of points.

7.2 Equity zero values

With regard to equity, in a way similar to debt, we can derive the threshold values for the
equilibrium amount of funds.

c) For L-types (from 21) is positive for at � aeq;L =
pL
X� .

d) For H-types (from 21) it is positive for at � aeq;H =
pH
X� .

Notice in this case that both the threshold values are determined by the con�icting
interests of the two shareholders: the entrepreneur and the investor. In fact, in the equity
contract the entrepreneur bears no costs, but only a share of pro�ts. Then, as we move
closer to the frontier, since imitation pro�ts [� (�)At] become relatively more convenient
with respect to those of innovation, the entrepreneur will be willing to undertake innovation
only if her share (�Ei =

X
pi
�at) increases. In turn this implies that the investor�s share of

pro�ts (1 � �Ei ) decreases with the distance to the frontier index at: So, when the sector
gets too close to the frontier, the investor�s share is squeezed until it reaches zero at aeq;i
(for i = H;L). This is why there is an upper limit for both N�

eq;L and N
�
eq;H .

7.3 Zero Values Regions

Putting the results of the previous subsections together, we have the following ranking:

0 < ad;L < aeq;L < ad;H < aeq;H < 1

as shown in �gure 7.29

INSERT FIGURE 7 HERE

From �gure 7 it is evident that there are 6 regions, 5 inside the frontier and the sixth
is the region at the frontier. In order to better understand this ranking, following �gure
8, it is possible to see that for example for at < aeq;L, L-types entrepreneurs may demand
funds with equity, or that for at > ad;H H-type entrepreneurs may demand funds with a
debt contract. Finally, notice that for at = 1 both debt and equity are available choices
for H and L-types (region VI in �gure 8).

INSERT FIGURE 8 HERE

Given the regions outlined above, we are now able to determine which contracts will be
used according to the distance to the frontier (see �gures 8 and 9). In order to understand
this, consider that in region I, we have at < ad;L; ad;H , that is the distance to the frontier is
too high (at too small) for �nancing with debt of both types, but it is also at < aeq;L; aeq;H ,

29Note that the ranking sets aH;d < aL;eq which holds for � >
pL
pH
. The reults of the model would not

change if this inequality does not hold.
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which means that at is short enough to allow equity �nancing to both types. So, in region
I innovation is �nanced with equity and, as such there is a pooling equilibrium as stated
in proposition 4. In region II, the distance to the frontier is still su¢ ciently short for
�nancing with equity (at < aeq;L; aeq;H), but it is also su¢ cient for debt �nancing of L-
types only (at > ad;L but at < ad;H). Then, L-types may choose debt or equity, while
H-types can only choose equity. This implies that both types will be �nanced in region
II.30 Similarly, the reasoning can be done for regions III, IV, V and VI. The results are
summarized in �gure 9.

INSERT FIGURE 9 HERE

Notice that all of the regions are with both types undertaking innovation, except
for region V, where L-types are �nanced for innovation while H-types are �nanced for
imitation. This happens after the threshold value inside the frontier at = aeq;H , as shown
in �gure 10.

INSERT FIGURE 10 HERE

Dividing the distance span as in �gure 10 is a convenient way to understand how the
productivity growth rate changes for a sector close to the frontier (region V), as it will be
clear in the next section.

Finally, recall that at the frontier only H-types have access in equilibrium to debt
�nance at the frontier (proposition 2), while both types have access to equity �nance
(proposition 4). So, while L-types may only be �nanced through equity, H-types may
choose between equity and debt and in any case both types would be �nanced. From this
reasoning it is possible to state that:

Proposition 5 In regions I-IV, both types of entrepreneurs are �nanced for innovation,
using debt or equity depending on the region. The same applies in region VI. However, in
region V only H-types are �nanced for innovation and they are �nanced with debt.

8 Growth Rates

From the �ndings of the previous section, we can derive the growth path of a sector along
all of the regions over the distance to the frontier index at. First of all, notice that given
the form of the �nal output production function (1), for a generic sector, the productivity
growth rate (g) is the same as the output growth rate, where g is given by

g =
E (At)�At�1

At�1
=
Yt � Yt�1
Yt�1

where E (At) is the expected value of TFP in the period t. E (At) is di¤erent according
to the regions. In fact, in regions I to IV we have that both types are �nanced for innova-

30H-types have no choice but equities, while L-types can choose. So, if they choose debt they are
recognized as L-types and not rationed, while if they choose equity they are not rationed as well (see
proposition 6).
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tion, so no-one undertakes imitation; therefore, the expected improvement in technology
is:

E (At)I�IV =

8<: 

_
At�1 if Innovation succeeds with prob. z

v
N
�v
p

At�1 if Innovation fails with prob. 1� z
v
N
�v
p

the growth rate is

gI�IV =
E(At)�At�1

At�1
= 
z

v
N
�v
p
_
At�1

At�1
+ At�1

At�1
+ z

v
N
�v
pAt�1

At�1
� 1 or (call it g1)

g1 = z
v
N
�v
p

�



at�1
� 1
�

(27)

where
v
N t is given by the equilibrium amount of funds according to the type of contract

used (see Appendix D for details).
In region V, only L-types undertake innovation, while H-types undertake imitation.

Since we are interested to the highest possible increase of productivity, we consider only
the productivity growth rate given by the highest technology: imitation. Then, we have
that:

E (At)V =

(


_
At�1 if Innovation succeeds with prob. zN�

L
pL
L

At�1 if Innovation fails with prob. 1� zN�
L
pL
L

and the growth rate is

gV =
E(At)�At�1

At�1
=


zN�
L

v
p
_
At�1

At�1
+ At�1

At�1
+

zN�
L

v
pAt�1

At�1
� 1

g2 = zN�
L

pL
L

�



at�1
� 1
�

(28)

where NLis given by (11).
In region VI (at the frontier), both types are �nanced for innovation and so no-one

invests in the riskless bond:

E (At)V I =

(


_
At�1 if Innovation succeeds with prob.

v
p zN�

t_
At�1 if Innovation fails with prob. 1� v

pzN�
t

and the growth rate is
g3 = (
 � 1) zN�

t
v
p (29)

where again is given by the equilibrium amount of funds according to the type of
contract used.

Notice that both g1 and g2 are decreasing in the distance to the frontier (ga < 0), that
is as the sector is closer to the frontier index the lower the expected growth rate. This
result depends on assuming that innovation is possible also at early stages of development.
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In order to have a better understanding of how the growth rate changes, consider
that even if g1 and g2 are both decreasing as the distance to the frontier is reduced, g2
is much lower than g1 (see proof in Appendix D): g1 > g2. Moreover, it can be shown
(see Appendix D for details) that for realistic values of 
 and pL, it is g3 > g2. So, the
projection of the growth path on the inverse index of distance to the frontier at can be
seen in �gure 11.

INSERT FIGURE 11 HERE

This �gure tells us that the growth rate is ever decreasing with the distance to the
frontier, as for g1. As mentioned above, the rate is decreasing because as the initial state
of technology increases the percentage productivity jump (E (At) � At�1) is lower and
lower: indeed, g1 is decreasing in at�1.

Most important, note that there is a downward jump of the growth rate at at�1 = aeq;H .
The reason is due to the e¤ect on g2 of adverse selection (only L-types are �nanced for
innovation).31 So, the probability of success of innovation in g2 is lower (pL) than the
respective probability in g1 (

v
p: where both types are �nanced). Note also that this e¤ect

could be counterbalanced by an opposite e¤ect on g due to the contribution of imitation
to productivity growth. In fact, consider the case innovation fails: At�1doesn�t change in
regions I-IV (see E (At)I�IV ), because no-one undertakes imitation; instead, in region V
At�1 is increased by a factor 
, that is if imitation (undertaken by H-types) is successful.
However, this e¤ect is of an order of magnitude inferior to the previous e¤ect of adverse
selection. The reason is that innovation led growth is ever higher, even when only L-types
undertake it, than the imitation push to productivity growth.

Finally, the path of g changes again at the frontier. In fact, at this point, due to the
absence of the alternative of imitation, the structure of incentives changes, and the growth
rate (g3) may increase again.

Therefore, we have that while the growth rate is ever decreasing as a sector moves
closer to the frontier, there is an intermediate region (region V) where g is still decreasing,
but is subject to a shortfall. In this region the growth rate (g2) is much lower due to
adverse selection than it would be otherwise (see dotted line in �gure 12). This growth
loss is due to the impossibility to sign equity contract between the parties: since the
alternative to innovation (imitation) is very pro�table, the entrepreneur pretends a very
high share of pro�ts in order to undertake innovation. Conversely, the residual share for
the investor becomes null, and so the equity contract cannot be signed. So, the reason of
the low growth in region V depends on the e¤ects of the excessively high pro�tability of
imitation through the �nancing e¤ects (no equity and adverse selection with debt).

8.1 Growth and Financial development

In this subsection we consider how the ine¢ ciency of slow growth derived above can be
"removed" by appropriately designing the �nancial contracts. in particular, instead of
deriving a general theory, we provide only two examples that are built following a by now

31See proposition 7 above.
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rich literature on corporate �nance and innovation (Hall, 2002). In the �rst example we
improve the credit contract by introducing a partial or full creditor protection. We show
that creditor protection increases the amount of funds invested in equilibrium, and so also
the expected productivity growth rate of a sector; however, this contract still excludes
H-types from undertaking innovation. In the second example, we introduce a form of
monitoring by the investor in the equity contract. We show that the region where equity
cannot be signed and growth is lower (region V in �gure 11) can be reduced by setting
appropriate incentives entrepreneurs.

The result of this e¤ort will lead to the general conclusion that �nancial development
is growth enhancing only at intermediate stages of development, which is in line with the
most recent �ndings on this topic by Aghion et al. (2005).

8.1.1 Creditors protection

Suppose that a fraction (�) of the investment Nt can be surely recovered by the creditor,
through for example the intervention of a court. So � represents the e¢ ciency of the court
in recovering funds in case of default of the borrower or in more general terms, it can be
interpreted as a parameter of legal investor protection.

In this case, entrepreneur�s expected pro�ts from innovation inside the frontier are

E(�id;�)t = zN�
t

pi
X

h
�(�)

_
At � (1� �)RtNt

i
� �RtNt for i = H;L

that is to say that entrepreneurs will repay for sure a fraction � of the amount due to
the creditor (RtNt). The residual amount (1� �)RtNt is subject to risk of default. In
this case, the indi¤erence relation with imitation is

zN�
t
pi
X

h
�(�)

_
At � (1� �)RtNt

i
� �RtNt � zN�

t [�(�)At � (1� �)RtNt]� �RtNt for
i = H;L

where creditor protection is extended also to imitation. It is easy to solve for the
indi¤erence relation:

NE
�;i : Nt =

�(�)
_
At

Rt (1� �)

"
1� X

pi
at

1� X
pi

#
for i = H;L

Two observation are due to arrive to satisfying conclusions. First, these curves are
exactly the same of those derived in section 3 except for a term (1� �); however, the
downward slope of NE

�;i with respect to the interest rate Rt and the other properties are
not changed. So, they have the same properties of those derived earlier. Second, for each

type of entrepreneur, the indi¤erence curve with creditor protection
h
NE
�;i

i
lies above the

curve without creditor protection
�
NE
i

�
for a factor �. This implies that higher investor

protection � increases the amount of funds for which entrepreneurs are willing to undertake
innovation at any level of the interest rate: the indi¤erence curves shift upward (see �gure
3).

Investors are (again) indi¤erent between �nancing innovation and a storage technology:
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zN�
t
pi
X (1� �)RtNt + �RtNt �Nt � R0Nt �Nt for i = H;L

and the indi¤erence curves are:

NZ
�;i : Nt =

�
1� �� �
(1� �) z piX

� 1
�

for i = H;L

where � = 1� R0
Rt
.32

The symmetric information equilibrium values are:

N�
�;d;i =

h
z piX k� (�)

_
At

i1� 1
�

�
z(1��)
1����

pi
X

� 1
�

for i = H;L (30)

R��;d;i =
z piX k� (�)

_
At

1� �� � for i = H;L

where k =
1� X

pL
at

1� X
pL

, and
@R��;d;i
@pi

< 0.

From these considerations, two main conclusions can be drawn. First, since L-types
indi¤erence curve lies above that of H-types, there is still a credit constraint for H-types
on innovation. Second, because each NE

�;i increases with �, there is more investment in

innovation, and so also the probability of success (zN�
t
pi
X ) is increased, so enhancing the

expected growth rate.

8.1.2 Active investors

The results of creditor protection may not be completely satisfying. In fact, if on the
one hand expected growth is enhanced because there is more investment in R&D, on the
other hand this implies that innovation has become more expensive in general, because
more resources have to devoted to innovation. Moreover, H-types are still excluded from
innovation. From a welfare point of view, it would be preferable to have a mechanism
such that it does not increase the amounts of funds invested but that includes H-types in
the innovation patent race. In this section we explore this possibility, by assuming that
the equity contract implies an active role of the investor in the innovation process. This
role may consist in monitoring, advising, mentoring, or in one word having a role in the
governance of the �rm and it is in line with much of the literature on the �nancing of
innovation.33

We assume that investor activism implies an additional cost for the entrepreneur but
not for the investor. The rationale of this assumption for the entrepreneur is that if she

32For NZ
�;i to be non negative, we need to impose 1���� > 0. Moreover, notice that in this expression,

NZ
�;i is negatively sloped with respect to Rt, as in the initial case in section 3. In fact, imposing that

R0 = (1� �)Rt, and inserting the value of � = 1� R0
Rt
into the expression above, we see that the slope is

negative.
33See for example Bottazzi, Da Rin and Hellmann (2004), Hellmann and Puri (2000), Kaplan and

Strömberg (2003), Lerner (1995).
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loses some control over the �rm, this can be interpreted as a loss in monetary terms.
For the investor, more governance activism usually implies a cost but also an additional
bene�t, as in models of double sided moral hazard; however, for notational simplicity we
do not model this, assuming that more governance enhances the value of the project so
that it just o¤sets the costs of exercising it.

Entrepreneurs �expected pro�ts in this case are:

E(�ieq; )t = zN�
t

pi
X
��(�)

_
At �  atNt for i = H;L

where  at ( > 0) is the cost of investor�s activism, and it is proportional to the local
technology level of a sector. Entrepreneurs indi¤erence relation becomes

E(�ieq; )t = zN�
t
pi
X ��(�)

_
At �  atNt � zN�

t ��(�)At

The indi¤erence relation in this case becomes:

�Ei = at
X

pi

"
 N1��

t

z�(�)
+ �

#
for i = H;L

In turn, investors indi¤erence curves are unchanged with respect to before:

NF
i;eq; : Nt =

"
(1� �) pi

X

z� (�)
_
At

R0

# 1
1��

for i = H;L

One can show that the equilibrium values of symmetric equilibrium in this case is given
by:

��i; : �i =
At (pi +XR0)

(R0 +  At) pi
for i = H;L

N�
i;eq; : Nt =

"
z
� pi
X
� �At

� � (�) _At
r +  At

# 1
1��

for i = H;L

with N�
H;eq; > N�

L;eq; and �
�
H; < ��L; exactly as in the case of no investor activism.

Notice also that all the other properties we had without investor activism apply also here.
Therefore, one can conclude that innovation can be �nanced with this type of equity
contract as long as N�

i;eq; � 0, which happens for � �
pi
XAt

. Therefore, by reducing appro-
priately the entrepreneur�s share of pro�ts from imitation, this modi�ed equity contract
becomes feasible also when the s.o.t. is close to the technology frontier. In this way it also
resolves the low productivity growth in region V.

9 Conclusions

In this paper, we have analyzed the interaction between the initial state of technology and
the �nancing of innovation to explain why a sector that is close to the technology frontier
may have a low growth rate. In other terms, this is equivalent to understanding if there
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is an advantage or disadvantage of backwardness, taking the �nancial system and other
factors as given. In order to answer this question we have focused on the link between
the initial state of technology of a sector and type of contract for �nancing an innovation
project. This is to say, studying the incentives for both the investor and the entrepreneur
when a sector is at the frontier (so that it can only innovate) or inside the frontier (so it
can also imitate).

The �rst �nding of this paper is that for a sector inside the frontier there is credit
rationing if innovation is �nanced with debt, but not with equity. In fact, in the case of
�nancing with debt, there is always an incentive for low skilled entrepreneurs to hide their
type; this creates adverse selection so that the high skilled are driven out of the innovation
patent race. Instead, if innovation is �nanced with equity, then there is always a pooling
equilibrium such that both types of entrepreneurs are �nanced.

Second, when these results are related to the distance to the frontier parameter, it
emerges that by using a combination of debt and equity both types of entrepreneurs are
�nanced for innovation. This happens only in sectors which are either very distant or at
the frontier. Instead there is an intermediate distance region where only debt is available
and due to adverse selection only low skilled entrepreneurs are �nanced for innovation.
This implies that the growth rate in this region is much lower than it could be if also
equity could be used. Equity cannot be used because the entrepreneurs pretend a too
high share of pro�ts for innovation.

It turns out that this analysis conducted insofar may contribute to explain the low
growth of European countries in the last two decades. In fact, while European countries
have just a small productivity gap with respect to the US (which can be considered as
the world technology leader), there are still many sectors where the investment levels
on innovation are low or the returns on innovation projects are lower than in the US.
Moreover, it is widely known that the equity markets are much more developed in the US
than in Europe.

At a more general level, it is evident that innovation and growth do not depend only on
factors (like institutions and/or �nancial development) which can be summarized in the
productivity (state of technology) level, but also on how much the world technology can
be transferred to backward countries. In fact, if world�s best technology may spread from
leader countries to technology laggards without restrictions, the question is if countries
bene�t from being backward or not. While some literature has focused on productivity
di¤erences or �nancial development, there is no consensus about the so called �advantage
of backwardness.�34 If we accept the view that laggard countries have an advantage of
backwardness, then we should see long run convergence in the growth rate to frontier
countries; and the reverse (divergence) if we allow for a disadvantage of backwardness.
However, the empirical evidence seems quite mixed: while on one hand there are some
countries catching up very quickly to the richest ones, on the other hand, some very rich
countries seem to grow at di¤erent rates.35 In particular while very backward countries

34 In the sense that there is an advantage if �the further a country falls behind the world�s technology
leaders the easier it is for that country to progress technologically simply by implementing new technologies
that have been discovered elsewhere.Aghion Howitt, Foulkes (2003), page 1. The original idea of advantage
of backwardness is due to Gensckenkon (1962).
35See for contrasting views Barro, Sala-i-Martin (2004), chap. 8 and Howitt (2000).
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like those in South East Asia have grown at very high rates, European countries have
su¤ered very low growth rates in the last two decades.

Finally, while the contribution of this paper is to highlight at which stages of develop-
ment there is a risk of low growth, the analysis conducted insofar does not suggest policy
measures intended to stimulate innovation. With regard to appropriate policy measures,
we leave the study of these to future research.
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APPENDIX
A. Production Pro�ts

In order to better understand the expression form of production pro�ts �t, consider
that in order to produce k units of the intermediate v, it is necessary to employ one unit
of the �nal good; so production pro�ts are:

�t(v) = Pt(v)kt(v)� kt(v) = [pt(v)� 1]kt(v)

where pt(v) is the price of the intermediate good. Now, since the �nal good is produced
competitively, the price of the intermediate good can be set to a constant (�) that is equal
to the marginal product with respect to that input. Then, in the case of innovation the
price is:

Pt(v) = � =
#Yt
#k(v)t

=
_
At(v)

1��k(v)��1t (31)
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while in the case of imitation it is:

Pt(v) = � =
#Yt
#k(v)t

= At(v)
1��k(v)��1t (32)

So (following only the innovation case for simplicity), the optimal demand for the input
is:

k(v)t = �
1

��1
_
At(v) (33)

and production pro�ts are:

�t(v) = (�� 1)�
1

��1
_
At(v)

or if we set �(�) = (�� 1)�
1

��1 , they become:

�t(I) = �(�)
_
At(v) (34)

where the TFP here is
_
At(v) = 
At�1(v) if innovation is successful; in the case of

imitation, production pro�ts become:

�t(M) = �(�)
_
At(v)

where the TFP here is At(v) = 
At�1(v).QED

B. Debt with entrepreneur�s wealth

The debt contract for innovation with the entrepreneur participating with her own
wealth is de�ned as follows. Let Entrepreneur�s wealth be a fraction � of the total amount
of funds due for the project. Then, the participation for a debt contract inside the frontier
becomes

zN�
t
pi
X

h
�(�)

_
At � (1� �)RtNt

i
� �RtNt � zN�

t [�(�)At �RtNt]

De�ne the following equality S0zN
�
t = Nt, where S0 is an object that makes the two

sides equal. Then the participation constraint can be rewritten as (imposing the equality):

zN�
t
pi
X

h
�(�)

_
At � (1� �)RtNt

i
� �RtS0zN�

t = zN�
t [�(�)At �RtNt]

solving this expression becomes

NE
i : Rt =

�(�)
_
At

�
1� X

pi
at

�
�
1� �� X

pi

�
Nt +

X
pi
�
zN

1��
t

for i = H;L
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It can be shown that for this expression: @Rt
@pi

< 0, so that NE
H < NE

L and @Rt
@Nt

< 0:36

With regard to investors, it is immediate to see that their indi¤erence curves are exactly
the same as without collateral. In fact, rewrite the indi¤erence relation for the investor as
follows

zN�
t
pi
XRt (1� �)Nt � (1� �)Nt = r0 (1� �)Nt

Deleting (1� �) on both sides of this expression we get back exactly to the previous
case described in the text. Therefore, all the analysis conducted with debt inside the
frontier holds also in the case the entrepreneur participates with its own wealth. QED

C. Debt at the frontier
In this section, I derive the entrepreneurs indi¤erence curve. The derivations of L-types

only are shown. From the participation constraint: E
�_
�
i
�
� r0Nt for i = H;L, one

can derive the indi¤erence curve of entrepreneurs willing to undertake innovation. In fact,
imposing that the constraint is binding and written in full detail (see (4)), we have:

zN�
t
pL
X

h
�(�)

_
At �RtNt

i
= r0Nt

De�ne the following equality Q0N
�
t = r0Nt, where Q0 is an object that makes the two

sides equal. Then the participation constraint can be rewritten as:

zN�
t
pL
X

h
�(�)

_
At �RtNt

i
= Q0N

�
t

or �(�)
_
At �RtNt =

X
zpL

Q0 =) Rt =
�(�)

_
At

Nt
� X

zpL

Q0
Nt

but since Q0 = r0N
1��
t , we have

Rt =
�(�)

_
At

Nt
� X

zpL

r0

N�
t

which is exactly (15). QED

D. Growth Rates
In order to determine if g2 < g1, consider that in region IV innovation is undertaken

respectively by L-types with debt and by H-types with equity. Then, since both undertake
innovation, the amount of funds used by each type in this region is given by the sector
expected growth rate is
36Note that if the derivative is positive we have that innovation inside the frontier �nanced with debt

is only undertaken by H-types, so maximizing the expected growth rate. This happens for � >
1�X

pi

1� (1��)
zN

�
t
pi
X

(where a su¢ cient condition for this inequality to hold is that (1� �) < pi
X
zN�

t ), which is consistent with
the view that the project value is maximized if the entrepreneur participates with at least a fraction of her
own wealth, like for example Holmstrom and Tirole (1997).
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g1 = z
v
N
�

t
v
p
h



at�1

� 1
i

which is a combination of (11) and (21) appropriately modi�ed (replace X to L or H):

v
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241� X
v
p
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v
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On the other hand, in region V only L-types undertake innovation, therefore the ex-
pected growth rate is:

g2 = zN�
t
pL
L

h



at�1
� 1
i

where the amount of funds is given by:

N�0
d;L =

"
1� L

pL
at

1� L
pL

z

R0

pL
X
� (�)

_
At

# 1
1��

In order to determine the change of the productivity growth rate between region IV
and region V, it is su¢ cient to compare the amount of funds for each case. That is to say

that the ratio
v
Nd;L

N�0
d;L

must be greater than one. In fact, the ratio is:

v
Nd;L

N�0
d;L
=

v
p�aX
v
p�X

v
p

pL�aL
pL�L

pL
L

=)
v
Nd;L

N�0
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v
p�aX
v
p�X

pL�L
pL�aL

v
p
pL
L

Since each ratio is greater than one, g1 > g2. QED

34



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

period t period t+1 

Patent 
Race 

t+ t- 

Production 
subperiod 

Figure 1: Timing Line: 
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Figure 2: Technology Improvement: 
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Figure 3: Equilibrium with 
symmetric and asymmetric 
information inside the frontier 
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Figure 4: Equilibrium with 
asymmetric information at the 
frontier with debt 
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Figure 6: demand for funds of H 
and L-types with equity at the 
frontier 
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Figure 7: regions of zero values of debt 
and equity
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Figure 5: H and L-types 
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Figure 9: regions of zero values of debt and 
equity
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Figure 8: regions of zero values of debt 
and equity 
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Figure 10: regions of debt and equity 
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