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Abstract

This paper investigates the link between the state of technology and
type of �nancial contract, in order to understand if innovating �rms have
an advantage or disadvantage of backwardness. The state of technology
is relevant because entrepreneurs and investors have different incentives
if a sector is at the frontier (so that it can only innovate) or inside the
frontier (so it can also imitate). Different incentives have important con-
sequences on the type of contract for �nancing innovation.

The �rst �nding of this paper is that for a sector at the frontier there
externalities if innovation is �nanced with equity, but not with debt. In
fact, with debt there is adverse selection, so that only unskilled �rms are
�nanced, while with equity there is a pooling equilibrium such that both
are �nanced.

Second, when these results are related to the distance to the frontier
parameter, then it emerges that equity is preferred by sectors which are
either very distant from the frontier and by those which are at the frontier,
while debt is chosen by sectors at intermediate distance. This use of
�nancial contracts has a direct in�uence on the growth rate of a sector.
In fact, while the growth rate is decreasing as a sector gets closer to the
frontier, in the intermediate region of debt it suffers an even stronger fall,
due to non participation of H-types to the patent race.

1 Introduction

In recent years there has been a wide consensus on the central role that innovation
plays for growth in modern economies. However, despite this general statement, not
all countries seem to innovate at the same rate, and still huge differences remain across
countries. Moreover, innovation is very diffused in countries where not only productiv-
ity is high, but also �nancial markets are well developed. For this reason much of the

1 Acknowledgements: I am very grateful to my supervisor 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 the InnovationWorkshop Seminar and GRASS Serminar at UPF for helpful discussion. All
errors are mine. Most of the proofs are in the appendix section, some others are available on request:
francesco.bripi@uni-bocconi.it
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theoretical and empirical literature has argued that institutions play an important role
on growth and in particular on the links between �nancial development and growth.

On the other hand, it is evident that the fact that innovation and productivity growth
do not depend only on domestic factors (like institutions and/or �nancial development),
but also on how much technology is diffused across countries, in the sense that world's
best technology may spread from leader countries to technology laggards. In this re-
spect, the question is: do countries bene�t from being backward or from being at the
frontier? While some literature has focused on productivity differences or �nancial
development, there is no consensus about the so called �advantage of backwardness�,
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.�2 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 (di-
vergence) 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 different rates.3

One way to understand this puzzle is not to consider the economy as a whole, but
sector by sector. In this way, one may better disentangle the effects of the distance to the
world frontier by considering each sector separately. Then, the aim of this paper is to
understand if countries, for each sector, have some advantages in being at the frontier of
research or not, taking the �nancial development and other factors as given. Moreover,
taking the �nancial development as given means that only two basic �nancial contracts
are considered: equity and debt. Debt is considered because it is the most natural and
diffused �nancing contract, while equities because they are also very diffused and also
because they play a considerable role in the �nancing of innovation business projects
(Black and Gilson, 1998; Kaplan and Stromberg, 2003). This allows to better link the
state of technology to the type of contracts used to �nance innovation activities and it
is necessary to understand how the incentives to innovation are affected by the state of
technology only and not also to �nancial development. Being at the frontier or inside of
it simply implies different technology choices available as it will be explained below.
This allows to specify how simply the distance to the frontier determines advantages
or disadvantages of economic agents with respect to producers which are already at
the frontier. Moreover, understanding this point is relevant to undertake the correct
policies, in presence or absence of other factors, that favour innovation and growth.
The state of the technology is represented by the distance to the frontier of research.

For each productive sector, a country may be at the frontier or inside of it. In the
second case, quality improvements can be obtained by undertaking innovation projects,
such that they go through the existing frontier, or by imitation projects which improve
the quality much less, and do not reach the existing frontier. If the sector is already
at the frontier, then quality improvements can only be obtained by innovation, since
2 Aghion Howitt, Foulkes (2003), page 1. the original idea of advantage of backwardness is due to Gen-
sckenkon (1962).
3 See for contrasting views Barro, Sala-i-Martin (2004), chap. 8 and Howitt (2000).
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there is no possibility of imitation. So, being at the frontier or inside implies a different
technological choice, which also alters the structure of incentives for the entrepreneurs.
It will be shown that even if leader and backward sectors have the same �nancial system
and technology can diffuse across countries without restrictions, some sectors will face
a lower growth rate than their optimal level when they are close but still behind the
world frontier. This result is quite similar to other studies that have focused on the
problems of middle income countries, even if they refer to the economy at macro level
(Aghion, Bacchetta, Banerjee, 2003).
In this sense this paper is related to different important strands of literature. On one

hand, it is related to the literature of �nancial development and growth. De la Fuente
and Marin (1996) develop a model in which �nancial intermediaries emerge endoge-
nously to reduce uncertainty inef�ciencies due to unobservable effort by entrepreneurs.
Cooley and Smith (1998) instead focus on the role of �nancial markets in promoting
specialization, learning by doing and so growth. Differently from them, this paper does
not try to understand how �nancial markets emerge, but how �rms perform differently
when they are more or less close to the technology frontier, taking the same choice of
�nancial contracts (debt/equity) available at any state of technology. Boyd and Smith
(1998) focus also on the endogenous evolution of �nancial markets as an economy
grows, and similarly to here they consider the substitute role of debt and equity in
�nancing investments.
It is also related to the literature linking the agency problems in accessing 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. Differently from them, here no such a mechanism is assumed, as for
innovation activites usually entrepreneurs have no collateral at all. Moreover, with
particular regard to innovation, Guiso (1998) has argued that banks ration credit to
innovative �rms and rather prefer to �nance traditional activities, because they know
more about their businesses than about high tech �rms: while it is widely accepted
that for innovation projects specialized �nancial investors play a speci�c the role, in
this paper �nancial frictions are simply due to different skills of entrepreneurs which is
their own private information.
Third, the paper is also related to a recent contribution by Aghion, Acemoglu, Zili-

botti (2003). That paper links the distance to the technology frontier on the type of
investment managers choose, highlighting the risk of poverty traps. It does so using
a speci�c assumption on the form of the TFP change of a sector, which depends on
the relative skills of managers to imitation or innovation projects. Analogously, in this
paper there is a growth path which emerges endogenously along the distance to the
frontier parameter; however, differently from them, here the shape of a sector TFP is
not determined exogenously, but it is simply stated in the most general possible way.
Finally, due to the presence of asymmetric information in �nancial contracts, this

paper is also related to two basic papers on this argument: Stiglitz and Weiss (1981)
and De Meza and Webb (1987).
The paper is structured as follows: in section 2, I model a sector �rm inside the

frontier with debt �nancing; in section 3, I model the same sector at the frontier with
debt. Then, in section 4 there is a sector �rm inside the frontier with equity �nancing
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and in section 5 the model with equity is extended to innovation in sectors at the fron-
tier. Then, section 6 shows the distance to the frontier is associated with each form of
�nancing (zero values) and in section 7 contains the consequences of these choices on
the growth rates and some policy recommendations. Section 8 concludes.

2 Debt inside the frontier

Consider a closed economy where there are three kinds of agents: entrepreneurs, spe-
cialized workers and non-specialized workers. Entrepreneurs lead individual �rms for
the production of intermediate or �nal goods. Specialized workers are researchers
working in the intermediate sector �rms, while non-specialized workers are employed
in the �nal good production process. In the economy there are V intermediate produc-
tive sectors (0; 1; 2; :::::v; ::::; V ). These inputs are used to produce a unique �nal good
(Y ) according to the following 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 total amount of input v used in the �nal good produc-
tion. Non specialized labour has been normalized to 1 for simplicity. The �nal good is
produced competitively, while the intermediate goods are produced by a monopolist,
but in the R&D process each �rm is in competition with any other to patent �rst in the
race.
At the beginning of period t, each intermediate good v is produced taking the sector

TFP of the previous period [A(v)t�1] as given. Any intermediate good may be pro-
duced either at the same quality level of the previous year or at a higher level; in this
last case it will be created either by imitation or by innovation. If a better quality is
introduced in the market by a �rm, then this will grab all the market. This means that
innovations are drastic: if an innovation is successfully implemented, the old technol-
ogy immediately becomes obsolete. So, if at least one entrepreneur tries to improve
the quality, there is no argument for the others no to do it as well. So, all entrepreneurs
willing to sell the v good will try to improve the quality.
In order to improve the quality of an intermediate good, an entrepreneur of a sector

inside the frontier may either do an imitation or an innovation project. Since the im-
provement in quality is to be done within a period (see below for the timing), imitation
consists in copying simply from the best world leader (the frontier) as much as possible
within a period. It is obvious that very probably within a period it is quite hard to reach
the frontier simply by copying the world best technology.
Otherwise, an entrepreneur inside the frontier may do innovation that consists in

trying to improve the home quality by copying more quickly than what imitation can
do in one period of time. This innovation process, if successful, will bring about the
sector's TFP at the frontier; therefore, innovation moves the frontier forward.4 It could
4 Throughout the paper I will always refer to the world frontier as the �frontier.� When referring to a
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be argued that if the other country 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).5 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, by proceeding in this
way, we are able to derive the dis/advantage of backwardness endogenously.
The improvement in quality is �xed. In the case of imitation, this is just of a factor


 (
 > 1) with respect to the previous period quality index [A(v)t�1]. In this case
the quality does not reach the frontier, and the good can be sold in the home market
with monopoly pro�ts (I am implicitly assuming that there is no international trade in
intermediates6). In the case of innovation, the improvement in quality is of a factor 

with respect to the previous period frontier level [

_
A(v)t�1].7

Moreover, while the timing for the �nal goods is irrelevant, it matters for the inter-
mediate goods. In fact, since all entrepreneurs in sector v are willing to improve the
quality, they will try to do it either by imitation or by innovation. This implies that for
each period, there are two subperiods; in the �rst subperiod, innovation and imitation
are undertaken, while in the second subperiod, the intermediate product is produced
and sold. During the �rst subperiod, the �rst �rm (either doing imitation or innovation)
succeeding in the new product gets a patent which lasts for one period only, and which
allows to sell the intermediate as a monopolist. This means that in the choice of which
kind of project to undertake, if imitation or innovation, either ways are good to win the
race and get the monopoly patent. However, notice that if both an innovation and an
imitation projects are successful for the same intermediate good, the entrepreneur pro-
ducing the good of imitation quality will sell nothing, because the innovation good is a
far better quality one, and the entrepreneur owning its patent will grab all the market.
In this case, the value of the imitation patent is zero.
In the second subperiod, the intermediate good is produced and sold. At the begin-

ning of the following period, the game starts again with the previous level of knowledge
being a publicly available to all.
Obviously, this timing has the advantage of being simple, but at the cost of imposing

some restrictions. First, I am not considering that discoveries may come at different
times than just one period (an innovator might get the discovery just soon after an
imitator has got the patent); in fact, the timing of the periods here is at regular intervals,8
but it does not correspond to the actual timing of new products being brought to the
market, which may not be regular. Moreover, while the monopoly right comes naturally
from taking a higher quality product into the market, it is not obvious that it has to last

country frontier this is explicitly mentioned.
5 For a similar approach see Howitt (2000), and Aghion et al. (2002).

6 For a similar approach see Howitt (2000).
7 In the �gure, and just in this �gure, the notation of At is switched to bold: At.
8 The timing here is at regular intervals, a neccessary condition for differential calculus to work.
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for one period only. Actually, it should last as long as another better quality product is
introduced, but also this assumption has been done for keeping the model tractable.9

The quality of intermediate products is represented by the sector TFP, (A(v)t),
and it evolves through time. If at time t an innovative project succeeds, the �quality�
improvement is of an amount 
 (with 
 > 1): 


_
At�1(v) ; while if it fails, the �quality�

improvement of that innovation is null.
In formulas:

At(v) =

�


_
At�1(v) if innovation succeeds
0 if innovation fails

(2)

However, in the case of failure of all innovators, if imitation in the same sector v
is undertaken by another entrepreneur, there is a quality improvement in the TFP of a
smaller amount 
: 
At�1(v) . Consequently, the overall improvement of TFP in each
intermediate sector v in each period t is

At(v) =

�


_
At�1(v) if innovation succeeds


At�1(v) if imitation succeeds
(3)

If we consider the number of entrepreneurs to be suf�ciently large in each sector,
then it is possible to consider (3) as the process underlying the evolution of TFP in
each intermediate sector. Moreover, each intermediate product v is produced by a
pro�t maximizer entrepreneur, which may either be an innovator or an imitator. As
shown above, if she imitates she will reach a lower quality improvement than what a
successful innovator can do.
As an assumption, consider 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 difference in skills will be explained more in detail below.
Finally, for each sector there is a �nite amount of entrepreneurs x, where an amount

H are H-types and another amount L are L-types: x = H + L.

2.1 Imitation

An intermediate sector �rm doing imitation will improve the sector TFP according to
the following law of motion of TFP:10

At =

(

At�1 with prob. N�

t

�
1� p

x�s

�x�s
0 otherwise

that is to say that imitation will bring about an increase in TFP as big of a 
 factor
with a probability of success for imitation that depends on the amount of funds invested

9 We are assuming implicitly that giving the patent for at least one period allows one to extract some
rents for a period that are suf�cient to repay for the R&D investment.
10 Since now on, we drop the (v) notation for the sector TFP, where it creates no confusion.
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in R&D (N�
t , where 0 < � < 1)11 and iff all �rms undertaking innovation (x� s) fail

(with probability
�
1� p

x�s

�x�s
): consider that a successful innovation will displace

imitation, and so every entrepreneur will try to undertake innovation.12

If all costs are �nanced by external �nance (debt) at the gross interest rate Rt,
expected total pro�ts of imitation (E (�M )t) are

E (�M )t = N
�
t

�
1� p

x� s

�x�s
[�(M)�RtNt] (4)

That is to say that with a probability N�
t

�
1� p

x�s

�x�s
, the entrepreneur is suc-

cessful at imitation; in this case she will enjoy pro�ts from imitation �t(M), and will
be able to repay its debt, for the amount of funds borrowed Nt (Nt is the number of
specialized workers employed and also the amount of funds borrowed 13) at the interest
rate Rt.
Moreover, (4) can be changed (see Appendix A) in the following way:

E (�M )t = N
�
t

�
1� p

x� s

�x�s
[�(�)�RtnM ]At (5)

where �t(M) = �(�)At(v) and nM represents the ef�ciency of specialized work-
ers in the R&D process, that is derived taking into account the so called ��shing out�
effect: innovating becomes more and more dif�cult as the quality of the good is higher.
Therefore, the relation between nM and Nt is:14

nM =
Nt
At(v)

(6)

where At(v) is the target level of quality that the entrepreneur hopes to reach if she
is successful with her imitation in sector v. Notice that as this target level of quality
increases (an increase in At), the lower is the ef�ciency of each unit of funds (nM ), or
it is more dif�cult is to improve the quality.
Finally, notice that imitation is independent of the type of entrepreneur (H or L);

instead, the type matters for innovation.

11 For a similar approach on the construction of the probability of success, see Aghion, Howitt (2004).
12 p is the probability of success of innovation of an entrepreneur independently from the other competitors
in the R&D race. Taking competitors into account, the probability becomes p

x
, while the joint probability that

x� s (s are imitators) innovators fail is
�

p
x�s

�x�s
.

13 Notice that the salary of workers has been normalized to 1 for simplicity.
14 Aghion and Howitt (2003) use a similar approach; the difference is that they compute the �shing out
effect with respect to the frontier level of technology: nt = Nt_

At(v)
, explaining this with the advanmtage

of backwardness (Gensckenkon, 1962); however, differently from them, Papageorgiou (2002) has argued that
the distance to the frontier may also have a drawback: disadvantage of backwardness. This last approach
has been adopted here.
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2.2 Innovation inside the frontier

Focusing on innovation, again if the innovating entrepreneur is successful, she will
then be a monopolist in this sector at least for one period; on the other hand, in case
of failure, she gains nothing and defaults on her debt.15 She will then maximize the
expected pro�ts of innovation (E(�i)t)

E(�i)t = N
�
t

pi
x
[�(I)�RtNt] for i = H;L (7)

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
�t(I); c) dependent on the probability of success N�

t
pi
x , which depends positively on

the amount of R&D investment (N�
t ) an intrinsic probability of success (pi) and on

the actual number of entrepreneurs participating in the patent race for innovation (x).16
Differently, from imitation, innovation depends on: d) pi, the probability of success
depends on the type: it is lower for L-types than for H-types: 0 < pL < pH < 1.17

The two types of entrepreneurs differ in the �entrepreneurship� skill. I call it en-
trepreneurship because it represents any kind of skills that makes innovation easier for
some entrepreneurs and less easy for others.18 For example, this could be due to or-
ganizational 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 homo-
geneous with regard to this characteristic.
Moreover, we can take into account the �shing out effect also for innovation. In

this case, the target quality is respect to the �would be� quality level, which in this case
is the frontier quality level (

_
At):

nI =
Nt
_
At

(8)

Due to free entry, each of the two types entrepreneurs will choose to undertake
innovation if expected pro�ts are higher. So, considering that production pro�ts are
�(�)

_
At (See Appendix A for details), and taking into account (8), expected pro�ts (7)

of L-type entrepreneurs become:

E
�
�L
�
t
= N�

t

pL
x
[�(�)�RtnI ]

_
At (9)

and similarly for H-types, expected pro�ts are:

E
�
�H
�
t
= N�

t

pH
x
[�(�)�RtnI ]

_
At (10)

15 A period suf�cient for the next innovation or imitation to be introduced. For simplicity, the reader
could think that the period is at least long an year.
16 For a similar approach on probabilities of success, see Zeira (2003).
17 The probability of success here is modelled by assuming that implicitly, and in a quite realistic fashion,
that there cannot be two winners at the same time. For a similar approach, see Zeira (2003).
18 For a review of the literature on the concept of entrepreneurship see Audretsch (2002).

9



2.3 Entrepreneurs indifference curves

Notice, �rst, that each entrepreneur would like to maximize expected pro�ts. However,
due to competition and free entry in the R&D entry, they raise their costs (Nt and
Rt) squeezing expected pro�ts as much as possible. To determine how much expected
pro�ts are squeezed, notice that since entrepreneurs are risk neutral, they will prefer
to undertake innovation inasmuch as expected pro�ts from this activity are higher than
those of the alternative activity (imitation). This is why we are interested to derive the
indifference curves of both types of entrepreneurs. Then, the participation constraint
to innovation for both types is given by: E

�
�i
�
� E (�M ) for i = H;L.

In particular, for L-types we have:

N�
t

pL
x
[�(�)�RtnI ]

_
At � N�

t

 
1�

v
p

x� 1

!x�1
[�(�)�RtnM ]At (11)

where
v

 =

�
1�

v
p

x�1

�x�1
19. Solving (11) requires imposing that in equilibrium,

because of competition in the innovation market, pro�ts are brought down until the
marginal entrepreneur is indifferent between the two activities. Then, we can derive
the following the entrepreneurs indifference curves of L-types (see Appendix B):

NE
L : Nt =

�(�)
_
At�1
Rt

241� x
pL

v

at

1� x
pL

v



35 (12)

where at = At_
At

is an inverse index of distance to the frontier. 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 of the participation con-
straint in (11), so 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 L-types indifference
curve.
In a similar way, the participation constraint of H-types is:

N�
t
pL
x [�(�)�RtnI ]

_
At � N�

t

�
1�

v
p

x�1

�x�1
[�(�)�RtnM ]At

from which we derive H-types indifference curve:

NE
H : Nt =

�(�)
_
At�1
Rt

241� x
pH

v

at

1� x
pH

v



35 (13)

The two curves are shown in �gure 1.

Notice that both curves represent the highest amount of funds that H and L-type
�rms are willing to employ in order to undertake innovation for any interest rate Rt.

19 Notice that vp = HpH+�pL
H+L

, that is the average probability.
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The position of the two curves reveals an important observation. Consider the case
that both high and low skills entrepreneurs are charged the same interest rate (say R).
Then, since L-types are less ef�cient (lower probability of success: pL < pH ), for this
interest rate they will need to employ a higher amount of funds in order to undertake
innovation, instead of imitation. Indeed, when comparing the two indifference curves
as in �gure 1, one can check that for every level of funds demanded by both types (Nt)

the indifference curve of L-types will always lie above that of H-types.20

Finally, notice that (check with the derivation in Appendix B) for each type, the in-
novation area is the area south-west of the respective indifference curves. The meaning
of this is that since �rms compete each other in order to be the �rst to patent, they raise
their costs (Rt andNt) as much as possible. At the indifference curve ( and beyond this
curve), the costs are so high that it is more convenient (in expected values) to undertake
the inferior project (imitation).

2.4 Investors zero pro�t curves

In this part I will show the behaviour of the investors when they have to �nance an
imitation or an innovation project.
Assume that both types of entrepreneurs have no initial wealth at all, and that there

is no collateral on which the lender can secure the loan. Excluding collateral for inno-
vation activities is not a strong assumption inasmuch as innovative �rms mostly rely on
the human capital of its researchers (specialized workers in this framework).21 There-
fore, all total costs have to be �nanced with external �nance and without collateral.
Moreover, consider the following assumption on investors: investors are perfectly

competitive, there is free entry and they are risk neutral.
Since we are mainly interested to innovation, I will mainly focus on this case. Con-

sider that the investment is in the amount ofNt at the gross interest rate Rt. Moreover,
the investor knows that the entrepreneur (of types i) will repay the debt for the full
amount at the agreed interest only if the project is successful, which happens with
probability pi, otherwise she will get nothing. Therefore, the expected return E[Rif ]t
of the investor (f ) is

E[Rif ]t =

�
Nt with prob. N�

t
pi
x

0 otherwise for i = H;L

while the expected pro�t E[�if ]t is

E[�if ]t = N
�
t

pi
x
RtNt �Nt for i = H;L22 (14)

20 Notice that the derivative ofNd with respect to pi is negative:
@Nd

i
@pi

< 0 for at < 1.
21 For the role of collateral, see Besanko and Thakor (1987) for a model of credit where collateral is
a sortice device to avoid problems asymmetric information. Stiglitz and Weiss (1981) have an opposing
view on the role of collateral.
22 With 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[�Mf ]t = q (1 + rt)Nt �Nt
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An investor can either �nance innovation and imitation. Due to competition and
free entry among investors, when �nancing innovation, her expected pro�ts will be
driven to zero:

E
�
�if
�
t
= N�

t

pi
x
RtNt �Nt = 0 for i = H;L (15)

This implies immediately that the zero pro�t curve of the investor �nancing an innova-
tion project to each type is:

NZ
L =

�
x

pL

1

Rt

� 1
�

(16)

if she is a L-type, while

NZ
H =

�
x

pH

1

Rt

� 1
�

(17)

if she is an H-type.
Notice that both curves are downward sloping with the amount of funds. The reason

for this is that the probability of success is increasing in the amount of funds, so that
more funds are invested, the lower the risk of failure and so also the lower the interest
rate charged can be.23

Moreover, notice that the areas where �nancing for innovation takes place is north-
east with respect to the each zero pro�t curve. This is due to the fact that on one
hand Rt are sources of income for the investor, and on the other Nt is increasing the
probability of repayment to the investor, so that expected pro�ts increase in both the
variables.

2.5 Equilibrium inside the frontier with debt

From the indifference curves of each type (12 and 13) and from the investors zero pro�t
curves (16 and 17), we can derive the equilibrium amount of funds and interest rate of
both types:
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h
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23 As a suggestion for the reader, notice that if the probability were not dependent on Nt, then the supply
curve would be �at.
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Notice that both N�
d;L and N�

d;H depend positively on
_
At. That is to say that as

technology improves, more and more funds are necessary to �nance R&D innovative
projects. This has no direct implications on the model, as I astray from general equi-
librium implications.24

Therefore, if we had symmetric information, the two equilibria would be in points
A and B as shown in �gure 2.

2.6 Asymmetric information equilibrium

Until now, the model has been built assuming that types were known. However, this
is not the case in reality. Therefore, it is important to see how the model works under
asymmetric information, that is when entrepreneurs know their type and this is their
private information, while investors do not know the true type of entrepreneurs.
Since the skills matter only for innovation, the effects of asymmetric information

will be shown only for innovation. We have seen that since NE
L is always higher

than NE
H , L-types, being worse at the business, 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 of H-types so that they may pay a
lower interest rate. To see this consider for example that if H-types demand an amount
of funds NH (see �gure 3), then L-types can demand do the same amount. By doing
this, L-types can claim to be H-types as well. This implies that since the investor
doesn't know the real type of each entrepreneur, she will offer 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 NZ
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:25

E(RtjNt=NH
) = (LR�L +HR

�
H) =x (20)

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, because not only they could still undertake
innovation, but would gain the interest rate difference RC � RD. 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 actually would pay if their type were known as well. This
implies that H-types are out of the innovation market, while L-types remain.
Then, notice that offering the pooling contract offered (at point D) is not an equi-

librium contract, neither for the investor nor for the entrepreneur. In fact, since only
L-types remain in the market, their type would be revealed to the investors. It follows

24 Notice that this feature is common to all the equilibrium amount of funds: inside/at the frontier, with
debt/equities.
25 For simplicity, the indifference curves are assumed to be linear in the graphs, where this does not create
confusion.
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that in equilibrium the probability of success changes accordingly; indeed, only L en-
trepreneurs will undertake innovation and the rest H will undertake imitation. Since
both the investor and the L-type entrepreneurs know this, the equilibrium amount of
funds for innovation projects is given by:

N�0
d;L =

L

pL

h
� (�)

_
At

i 1
1��

"
1� L

pL

Lat

1� L
pL

L

# 1
1��

(21)

at the interest rate:

R�0d;L =

�
L

pL

� 1
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� (�)
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"
1� L

pL

L

1� L
pL

Lat
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1��

(22)

It can be shown that L-types, once offered the contract [N�0
L ; r

�0
L ], increase their

expected pro�ts with respect to the case of [N�
L; r

�
L] (see Appendix B). Therefore, by

hiding their type, L-types are better off, even if the equilibrium is revealing.
So, 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 separat-
ing equilibrium for innovation, with H-types undertaking imitation and L-types un-
dertaking innovation. This equilibrium is revealing for L-types, and it is at the point
[N�0

L ; r
�0
L ].

Notice that this result is quite standard in the literature of �nancing with asymmetric
information, as in the paper of Stiglitz and Weiss (1981). In fact, even if their work is
a credit model for a generic investment project, while here the project to be �nanced is
an innovation project [which depends on the state of technology in absolute

� _
At

�
and

relative terms (at)], the result is the same, because the mechanism at work is the same:
adverse selection due to asymmetric information.

3 Debt at the frontier

At the frontier there is not imitation, so the only way for an entrepreneur to increase
the quality of a product is to undertake innovation. This implies that since there is no
imitation, there is no participation constraint either for investors and for entrepreneurs.
Then, in order to derive the equilibrium for both types, we need �rst derive the indif-
ference curve, and then the zero pro�t one, in this different economic environment.
Finally, consider that the derivation of the results are very similar to those of a sector
inside the frontier.

3.1 Entrepreneurs indifference curves
To derive the entrepreneurs indifference curves, consider �rst that expected pro�ts of
L-types are:26

26
_
At(v) represents the v sector TFP at the frontier.
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E
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�
L
�
t
= N�

t

pL
x
[�(�)�RtnI ]

_
At (23)

and those of H-types are:

E
� _
�
H
�
t
= N�

t

pH
x
[�(�)�RtnI ]

_
At (24)

Because of 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 this business are higher than those of an alternative activity,
which in this case it is not imitation, but simply a riskless bond which transfers wealth
to the future, at the net interest rate r. This �nancial technology gives a net return of
rN�

t . So, the participation constraint for an L-type becomes:
N�
t
pL
x [�(�)�RtnI ]

_
At � rN�

t

From the previous condition we can derive the indifference curve of L-types:

_
N
E

L : Nt =
1

Rt

�
�(�)

_
At � r

x

pL

�
(25)

while from a similar condition, we have the indifference curve of H-types:

_
N
E

H : Nt =
1

Rt

�
�(�)

_
At � r

x

pH

�
(26)

Differently from the curves derived for a sector inside the frontier, in this case
the indifference curves have an inverse order:

_
N
E

H is higher than
_
N
E

L . The reason of
this inverted order can be explained with the following example. Consider an L-type
entrepreneur being inside the frontier willing to undertake innovation. Then, starting
from a generic point (F in �gure 4), she can increase costs as long as this leaves her
indifferent between innovation and imitation. Supposing that she just increases Nt
along the rate R0, then she will have to increase them more than H-types in order to
reach the indifference, because she is less skilled than H-types, so she reaches point J.
She wants to avoid to end in the imitation area, because it is too risky, as a successful
innovator would make her investment become worthless! Instead, if she were at the
frontier, she could just increase the funds to invest until NK (and not until a generic
point J'), where she is again on the indifference curve, but now the alternative business
is a bond which will surely give her a return in the next period, independently from
what other entrepreneurs do.

3.2 Investors zero pro�t curves and symmetric 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 = N
�
t

pi
x
RtNt �Nt for i = H;L

imposing the zero pro�t condition we get (as in the case of a sector inside the
frontier) for L and H-types respectively, we get the zero pro�t curves for funds of both
types are exactly similar to those of a sector inside the frontier:
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In turn, the symmetric information equilibrium values of the amount of funds and
interest rates for both types (see Appendix D) are:
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with
_
N
�
d;H >

_
N
�
d;Land

_
R
�
d;H >

_
R
�
d;L.

Notice that differently 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 5.

3.3 Asymmetric information equilibrium

As for the previous section, it is important to see how the model works under asym-
metric information, where entrepreneurs know their type and this is their private infor-
mation, while investors do not.
Notice that the respective equilibrium values (of symmetric information) for H and

L-types are at points A and B. Is there an incentive for one of the two groups to hide
its type? The answer is yes. In fact, consider what happens if an H-type entrepreneur
were to hide her type, and consequently demand the same amount of L-types (

_
NL).

The investor would be offering a pooling contract, at an average interest rate at point
D. At point D, L-types would be charged a higher interest rate than at their point A, and
so would not be undertaking innovation. H-types, in turn, would be charged a lower
interest rate than they should be, therefore gaining from hiding their type the difference
in the interest rate RC � RD. Notice, then, that the point D pooling contract is not
an equilibrium contract, because only H-types would be undertaking innovation, and
so recognized for their type. For L-types, the contract at point D implies an interest
rate too high to undertake innovation, so they opt for imitation. This implies that at the
frontier there is a positive selection, as stated in the proposition below:
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Proposition 2 If an intermediate sector v is at the frontier, there is a separating equi-
librium for innovation, with H-types undertaking innovation and L-types undertaking
imitation. This equilibrium is revealing for L-types, and it is at the point

h _
N
�0
d;L;

_
R
�0
d;H

i
:

Proposition 3 Asymmetric information (in innovation) has different consequences in
a sector inside the frontier and in one at the frontier. In the sector inside the frontier,
it drives H-types out of the innovation market and they undertake imitation, while in-
novation is undertaken by L-types. In a sector at the frontier, it is the reverse: H-types
undertake innovation while L-types undertake imitation.

4 Equities inside the frontier

In the previous section we have found that the debt contract always creates separating
equilibria, excluding one or the other type according that it is inside or at the frontier.
Since this is not a satisfactory result, especially in the case inside the frontier (because
of adverse selection), it may be interesting to see what happens under an a different
contract. In particular, we will try to see if there is any sensible improvement with an
equity contract.
If innovation projects are �nanced with equities, 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 of the investment and an insider control over the �rm. In
the following subsection we will focus on equities without any form of monitoring in
order to show that this is suf�cient to remove the inef�ciencies that we have with debt.

4.1 Entrepreneurs indifference curves

Consider an entrepreneur undertaking imitation �nanced with equities by an external
investor. Let � be the share of innovation pro�ts of the entrepreneur for imitation. Then,
adapting (4), her expected pro�ts from imitation are

E
�
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�
t
= �N�

t

�
1� p

x� s

�x�s
�(M) = �N�
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�
1� p

x� s
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� (�)At

while the expected pro�ts from an innovation project �nanced with equities are:

E(�ieq)t = �iN
�
t

pi
x
�(I) = �iN

�
t

pi
x
� (�)

_
At for i = H;L

where �i is the share of pro�ts of the entrepreneur (it depends on the type: i).
In order to derive the indifference curve in this case, consider that an entrepreneur

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

�
�Meq

�
t
. Imposing this constraint implies:

�LN
�
t
pL
x � (�)

_
At � �N�

t

v

� (�)At
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from which we derive the following:

�EL =
x

pL

v

�at (33)

which is the minimum share of pro�ts desired by the entrepreneur in order for him
to undertake innovation. Similarly, for H-types we have:

�EH =
x

pH

v

�at (34)

Notice that both of the indifference curves represent the minimum share of pro�ts
desired by the entrepreneurs such that she undertakes innovation. Moreover, it is: �EL >
�EH , that is that since they are �at (not dependent on Nt), for any amount of funds L-
types, being worse at the business (innovation) would accept to undertake it only for a
higher share of pro�ts than what H-types are willing to do.

4.2 Investors zero pro�t curves and symmetric equilibrium

On the supply side, the investor �nancing innovation gets the following expected pro�ts
(�nancing an L-type):

E(�Leq;f )t = (1� �L)N
�
t

pL
x
�(I)�Nt = (1� �L)N

�
t

pL
x
� (�)

_
At �Nt

Imposing the free entry condition, we have the following zero pro�t curve (see
Appendix C):
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Similarly, for H-types, we can derive:

NZ
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hpH
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_
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1��

Notice that both the zero pro�t curves are downward sloping (see �gure 6). This is
due to the fact that the more funds the investor puts to �nance the innovation project,
the higher her reward has to be (share of pro�ts: 1 � �), and the lower the reward for
the entrepreneur. Moreover, notice that the areas where �nancing for innovation takes
place is south-west with respect to the each zero pro�t curve. The reason is that as
the share of pro�ts to the investor increases (lower �t), the more funds the investor is
willing to invest into the project.
From the indifference and the zero pro�t curves derived above we have the follow-

ing equilibrium values (see Appendix C):
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for L-types and
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��H =
x
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v

�at

with ��L > ��H , and N�
H;eq > N

�
L;eq, as shown in the graph below

4.3 Pooling equilibrium

Consider now the separating equilibrium in points A and B. Is this equilibrium opti-
mal? The answer is no. In fact, following �gure 6, consider, for example, the case that
the investor were to offer a pooling contract in point D because she is unable to discern
the true type, where both types demand for N�

L;eq, and also have the same share (�D).
Then, L-types would be better off 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 difference (�D � �B). Therefore, the pooling
contract in D is a Pareto improvement with respect to the symmetric information sepa-
rating equilibrium (points A and B). Finally, notice that the pooling contract in D is an
equilibrium contract such that H-types subsidize (for the difference �D � �A) L-types;
however, despite this subsidy H-types are still better off than if they were to accept the
separating contract in B.
Therefore, we can derive the following result:

Proposition 4 In a sector inside the frontier, if innovation is �nanced with equities,
there is a pooling equilibrium such that H-types subsidize L-types. This equilibrium
creates no rationing for no type and clears the market.

5 Equities at the frontier

5.1 Entrepreneurs indifference curves

In the sector at the frontier, expected pro�ts of the entrepreneurs are the following
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where _�iis 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 riskless asset. Therefore, the innovation
participation constraint is given by E(

_
�
i

eq)t � rN�
t and from this, the indifference

curve of the entrepreneur (for each type) is derived:
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�EH =
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Notice that _�ELand
_
�EHare independent of the amount of funds invested, and that_

�dL >
_
�EH .

5.2 Investors zero pro�t curves and symmetric equilibrium
In order to derive the zero pro�t curve of the investors, we need to consider the expected
pro�ts:
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Also here, imposing the free entry condition gives (derived in a way similar to the
case of equities inside the frontier, in Appendix C):
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In a symmetric information equilibrium the amount of funds would be (see Appen-
dix C for an analogous case):
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and the equilibrium shares are just given by (38) and (39). The graph for the asym-
metric information case is the same of the case inside the frontier (�gure 6).

5.3 Pooling equilibrium
Consider now the separating equilibrium in points A and B as reported in �gure 7.
As in the case inside the frontier, the problem is if that this contract is not optimal.

In fact, again consider, for example, that the investor were to offer a pooling contract
in point D (because she is unable to discern the true type), where both types demand
for

_
N
�
L;eq, and also have the same share (

_
�D). Then, L-types would be better-off

because for the same amount of funds they gain an additional share of pro�ts (_�D �_
�A), while also H-types are better-off because they also increase their share of pro�ts
(
_
�D �

_
�B). Therefore, the pooling contract in D is a Pareto improvement with respect

to the symmetric information separating equilibrium (points A and B), and it is also an
equilibrium contract with asymmetric information.
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Proposition 5 In a sector at the frontier, if innovation is �nanced with equities, there
is a pooling equilibrium such that H-types subsidize L-types. This equilibrium creates
no rationing for no type and clears the market.

And more in general, summing up all the results obtained insofar:

Proposition 6 If an innovation project is undertaken when the sector is inside the
frontier, then there is adverse selection if it is �nanced with debt, while there is a
pooling contract if it is �nanced with equities. When the sector is at the frontier, then
there is positive selection if it is �nanced with debt, while there is a pooling contract if
it is �nanced with equities.

6 Zero Values

Until now we have found the equilibrium contracts for each situation (inside/at the
frontier) and type of contract (debt/equities) careless of when these contracts are actu-
ally implemented. It turns out that not all contracts are always available, and that the
choice crucially depends on the distance to the frontier index at.
To understand this point, in this section I derive the 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 equities (for sectors inside the frontier) are non negative. This allows
to determine which contract will be used according to the initial state of technology
(distance to the frontier).
Consider the case of debt �rst.
a) The equilibrium amount for funds of L-types (18) is given by the following

condition: N�0
d;L � 0 =) L

pL

h
� (�)

_
At

i 1
1��

�
1� L

pL

Lat

1� L
pL

L

� 1
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� 0. This relation only

requires that at � ad;L = pL
v

x
.

b) Similarly, for H-types, the condition (given by 19) isN�0
d;H � 0 requires that

at � ad;H = pH
v

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 inasmuch being the sector too much far from the frontier.
That is, the production pro�t of the alternative activity (imitation) [� (�)At] is so low
with respect to one of innovation [� (�)

_
At], that as entrepreneurs raise costs (from

the origin to north east: see �gure 1) just a little, the inferior technology becomes
immediately more convenient (in expected values).27 In other terms, as we get closer to
the frontier (At increases) production pro�ts increase as well, and this makes imitation
relatively more convenient for any pair of costs (Nt; Rt); so it is necessary to increase
them more (outward shift of NE

i ) to reach the indifference locus of points.

27 In other terms, the entrepreneurs indifference curve is squeezed to the origin: see �gure 1.
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For equities, in a similar way, we can derive the threshold values for the equilibrium
amount of funds.
c) For L-types (from 36) is positive for at � aeq;L = pL

v

x�
.

d) For H-types (from 37) it is positive for at � aeq;H = pH
v

x�
.

Notice in this case that both the threshold values are determined by the con�icting
interests of the two shareholders: entrepreneur and investor. In fact, since the entrepre-
neur's share (�Ei = x

pi

v

�at) is increasing with the distance to the frontier index at, as

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 .
Putting these results together, we have the following ranking:

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

as shown in �gure 8.
From �gure 8 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
9, it is possible to see that for example for at < aeq;L, L-types entrepreneurs may
demand funds with equities, or that for at < ad;H H-type entrepreneurs may demand
funds with a debt contract. Finally, notice that for at = 1 either debt and equities are
available choices for H and L-types (not sown in �gure 9).
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 9 and 10). 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 also
at < aeq;L; aeq;H that means that it is low enough to allow �nancing with equities of
both types. So, in region I innovation is �nanced with equities and, as such there is a
pooling equilibrium as stated in proposition 4. In region II, the distance to the frontier
is still suf�ciently low for �nancing with equities (at < aeq;L; aeq;H ), but it is also
suf�cient for �nancing with debt of L-types only (ad;L < at < ad;H ). Then, L-types
may choose debt or equities, while H-types can only choose equities. This implies
that both types will be �nanced in region II.28 Similarly, the reasoning can be done for
regions III, IV, V and VI. The results are summarized in �gure 10.
Notice that all of the regions are with both types undertaking innovation, except for

region 5, where only L-types are �nanced. So, we can summarize the results as shown
in �gure 11.
In all the regions where both types have access to �nance in equilibrium, they use

equities: this is in regions I to IV (inside) and in region VI (at the frontier); in region V,
only one type (low skilled) has access to �nance and it is in debt form. The threshold
inside the frontier is at at = aeq;H . Dividing the distance span as in �gure 11 is a
convenient way to derive the growth rates of productivity as it will be done below.

28 H-types have no choice but equities, while L-types can choose. So, if they choose debt they are recog-
nized as L-types and not rationed, while if they choose equities they are not rationed as well (see propo-
sition 6).
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Moreover, this distinction is crucial to understand why the productivity growth rate is
lower for a sector close to the frontier (region V), as it will be clear in the next section.
Finally, notice that from �gures 10 and 11 we have �nancing with equities for

both types. 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 5). So, while L-types may only get �nance through equities, H-types may
choose between equity and debt and in any case both types would be �nanced.

7 Growth Rates

From the �ndings of the previous section, we can derive the growth path of sector
along all of the regions spanning on the distance to the frontier parameter at. First
of all, notice that given the form of the �nal output production function, for a generic
sector, the productivity growth rate (g) is the same of the output growth rate,29 where
g is given by

g =
@ lnY

@A
�=
E (At)�At�1

At�1
=
Yt � Yt�1
Yt�1

and E (At) is the expected value of TFP in the period t:

E (At) =

(


_
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t


At�1 if Imitation succeeds with prob.
�
1� v

p
�
N�
t

or in other terms

g = E(At)�At�1
At�1

= 
N�
t

�
v
p
_
At�1
At�1

+
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1�v

p
�
At�1

At�1

�
� 1 or

g = 
N�
t

" v
p

at�1
+
�
1� v

p
�#
� 1 (42)

Notice that g is 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.
Moreover, consider that the growth rate varies according to N�

t , which is the equi-
librium amount of funds invested, which varies according to the contract that is used
in equilibrium. So, instead of deriving the productivity growth rates for each region
(from I to VI), it will be suf�cient to consider the one in regions I-IV, the one in region

29 Notice that from (1), in log form we have that:
g= @ lnY

@A
= �

@ ln k
@A
k

:
A+ (1� �)

:
A
A

where @ ln k
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= �
1

��1 and k = �
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��1A. Therefore,
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��1
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=)
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.
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V and the one in region VI. It follows that the productivity growth rate for the �rst four
regions (g1) is

g1 = 
N
��
eq;L

" v
p

at�1
+
�
1� v

p
�#
� 1 (43)

whereNt = N�
eq;L due to private information (see proposition 4), while the one for

region V is

g2 = 
N
��
d;L

" v
p

at�1
+
�
1� v

p
�#
� 1 (44)

where Nt = N�
d;L due to private information (see proposition 1) and the one for

region VI is30

g3 =
_
N
��
eq;L

hv
p (
 � 1) + 1

i
� 1 (45)

where Nt =
_
N
�
eq;L due to private information (see proposition 6).31

In order to have a better understanding of how these growth rates vary, consider
that g1 and g2 differ just for the amount of funds invested in equilibrium, and since
N�
eq;L > N

�
d;L (see proof in Appendix E), therefore we have that g1 > g2. Moreover,

it can be shown (see Appendix E for details) that for realistic values of 
 and pL, it is
g3 > g2. So, the growth path can seen as in �gure 12.
This �gure tells us that the growth rate is ever decreasing with the distance to the

frontier, as for g1. As mentioned above, this result is due to the assumption that there
is no obstacle for a very backward sector to innovate, that is to reach the frontier in
only one period. Moreover, after the threshold level at aeq;H , the growth rate (g2) is
still decreasing, but it has downward jump due to the fact that in this region (region
V), only debt can be used, and since the use of debt inside the frontier causes adverse
selection (no participation of H-types) and in equilibrium the amount of funds invested
is lower (remember thatN�

eq;L > N
�
d;L), the growth rate falls down. However, this path

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) increases
again.
To have an idea of the magnitude of this loss of growth, I have run a simulation

with the following parameter values: pH = 0; 7, pL = 0; 25,
_
At = 100, 
 = 1; 1,

30 To derive the growth rate at the frontier (g3), consider that

E
� _
At
�
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_
At�1 if Inn. succeeds with prob.vpN�

t_
At�1 if Innovation fails with prob.

�
1� v

p
�
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t

so
g3 =

E(At)�At�1
At�1

= N��
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�
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or also:
g3 = N

��
eq;L

h


v
p +

�
1� v

p
�i
� 1

from which the value above is derived.
31 Note that at the frontier L-types are rationed if they use debt, but not with equities: so they surely
choose equities. On the other hand, H-types are never rationed, neither with debt nor with equities, so
they are free to choose both contracts. The indeterminacy of H-types can be solved considering that if
they choose equities they are (in equilibrium) above the indifference curve (�Eeq;H ): this makes them better-
off than if they were to choose debt (where in equilibrium they would be on the indifference curve).
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x = 50, H = 25, L = 25, 
 = 0; 61893. With these values, the loss in the rate of
growth occurs at the distance coef�cient at = 0; 51 (that is at half of the distance) and
g falls from 6,22% to 3,64%, that is the growth rate falls by 41%!

7.1 Policy implications

Despite the aim of this paper is not to provide and test policy recommendations, the
model exposed insofar suggests some ideas on how public authorities may intervene in
order to promote innovation and growth. In this sense, consider that the main negative
implication of the model is the drop of the growth rate (g2) in the intermediate region
where �nancing is with debt. Therefore, public authorities might intervene in favour of
sectors which are in this intermediate region, in two ways.
The �rst way is to consider R&D subsidizing policy aimed to H-types, so as to

include them in the R&D race; if also H-types are participants of the R&D race, then
the growth rate would be higher, even if descending as the sector gets closer to the
frontier. Therefore, public support of R&D would have a rationale for sectors inside
the frontier (intermediate regions), while it would not for a sector at the frontier.
However, there is also another way public authorities might use and that would

probably be less costly for the government. To show how it works, consider that the
threshold where the intermediate region starts is at aeq;H = pH

v

x�
. Now, while pH ; x

and all components of
v

 are determined, recall that � is the parameter for the share

of pro�ts of the entrepreneur undertaking imitation inside the frontier (with equities).
This parameter has been kept exogenous for simplicity. Moreover, consider that if it
would be decreased, then aeq;H would increase,32 and as a result the intermediate debt
region (V) would be shorter and might eventually shrink. This means that if for a given
sector v, public authorities could incentive entrepreneurs and investors in a way so as
to reduce the share of pro�ts of entrepreneurs in imitation, then the low growth region
would be shorter, and sector v would fall in the initial region of equities inside the
frontier (regions I to IV).

8 Conclusions

In this paper, I have tried to understand if countries have an advantage or disadvantage
of backwardness, taking the �nancial system as given. In order to answer to this ques-
tion I have focused on the link between the state of technology and type of contract for
�nancing an innovation project. This is to say, studying the incentives for either the in-
vestor 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 at the frontier there externalities if

innovation is �nanced with equities, but not with debt. In fact, if innovation is �nanced
with debt in a sector inside the frontier, there is always an incentive for low skilled
entrepreneurs to hide their type; this creates adverse selection so that highly skilled are
driven out of the innovation race. Instead, if innovation is �nanced with equities, then

32 in terms of �gures 11 and 12, aeq;H would move to the right.
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there are always positive externalities for either a sector inside and for a sector at the
frontier, because there is a pooling equilibrium such that both are �nanced.

Second, when these results are related to the distance to the frontier parameter, then
it emerges that equities are preferred by sectors which are either very distant and at
the frontier, while debt is chosen by middle distant sectors. The consequence of this
use of �nancial contracts is in the growth rates. In fact, while this is decreasing as a
sector gets closer to the frontier, in the intermediate region of debt it drops down even
more. This is due to adverse selection which implies non participation of H-types to
the patent race.

Then, the contribution of this paper is to highlight at which stages of development
there is a risk of low growth. Therefore, it turns out that policy measures intended to
stimulate innovation should be undertaken for sectors which are in this region, that is
for sectors which are close but still behind the technology frontier. While some policy
measures are suggested, I leave to future research the study of which of these are most
appropriate.
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Appendix A. Production Pro�ts

In order to better understand the expression form of production pro�ts �t(v), consider
that in order to produce x(v) 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 = � =
#Yt
#k(v)t

=
_
At(v)

1��k(v)��1t (A-1)

while in the case of imitation it is:

pt = � =
#Yt
#k(v)t

= At(v)
1��k(v)��1t (A-2)

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

k(v)t = �
1

��1
_
At(v) (A-3)

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) (A-4)

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

imitation they become:

�t(M) = �(�)
_
At(v)

where the TFP here is At(v) = 
At�1(v).
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Appendix B. Debt inside the frontier

In this section, I derive the entrepreneurs indifference curve and the equilibrium with
symmetric and asymmetric information. The derivations of L-types only are shown.

Entrepreneurs indifference curves
I derive the indifference curve of L-types. From the participation constraint: E

�
�i
�
�

E (�M ) i = H;L one can derive the indifference curve of entrepreneurs willing
to undertake innovation. In fact, imposing that the constraint is binding and written in
full detail (see (11)), we have:
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Aton both sides; then we get �(�)�RtnI = x

pL

v

 [�(�)at �RtnM ]

where at = At_
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is the inverse index of distance to the frontier. Notice that 0 < at < 1.
By (8) and (6), replace Nt on both sides:
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From this expression we get

NE
L : Nt =

�(�)
_
At

(1 + rt)

2664
�
1� x

pL

v

at

�
�
1� x

pL

v



�
3775

which is our L-types indifference curve.
Equilibrium with symmetric information

To derive the equilibrium amount of funds of L-types, we just need equalize entre-
preneurs indifference curve with investors zero pro�t curve. For L-types (H-types are
derived in a similar way) we have: NE

L = N
Z
L , that is:
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which is the equilibrium interest rate for L-types in the case of symmetric informa-
tion.
To �nd the equilibrium amount of funds, insert (B-1) into the zero pro�t curve and get:
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which is the amount of funds in equilibrium of symmetric information for L-types.
Equilibrium with asymmetric information

...to be computed....
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Appendix C. Equities inside the frontier

In this part, I derive only the investor indifference curve of L-types only by simply
imposing the zero pro�t condition and then the equilibrium values.

Investors zero pro�t curves
Impose the zero pro�t condition on L-types expected pro�ts:

E(�Leq;f )t = (1� �L)N
�
t
pL
x � (�)

_
At �Nt = 0

Setting everything on one side, we have:
N��1
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or also:
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(C-1)
which is the zero pro�t curve.

Equilibrium with symmetric information
To derive the equilibrium values of L-types, consider that for the share of equities

the value is given by (33) for L-types, while for the equilibrium amount of funds,
consider to plug (33) into the zero pro�t curve (C-1):
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Appendix D. Debt at the frontier

In this section the equilibrium values of the amount of funds and interest rates are found
for innovation projects �nanced with debt in a sector which is at the frontier.
First, equalize the entrepreneurs indifference curve with the investors zero pro�t

curve
_
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L(for L-types only):
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In order to �nd the equilibrium amount of funds, insert (D-1) into the zero pro�t
curve (27):
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rearranging this gives:
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Appendix E. Growth Rates

In this �rst part I show that g1 > g2.
Notice that since g1 and g2 are
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it is suf�cient to show that N�
eq;L > N�

d;L . So, taking the ratio between the two
(we just need it to be >1!), we have:
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which is > 1 for x not too large!33

33 by a simulation, with pL = 0; 3, it takes that x<98,26, which far suf�cient for our being realistic.
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In the second part we will show that g3 > g2.
First, notice that since

_
N
�
eq;L < N

�
d;L , then we can write

_
N
�
eq;L = (1� f)N�

d;L,
where 0 < f < 1. De�ne the difference between the growth rates as
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i
; notice that J > 0. In order to show that

g3 > g2, we simply need to show that dg3;2 > 0. So we have dg3;2 = N��
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 (1� pL) + J > 

at�1

pL, which is true for
at >


pL

(1�pL)+J = a�. Therefore, we have that g3 > g2 for at > a�, which

is true for reasonable value of parameters. In fact, from a simulation with reasonable
values:[f = 0; 7; 
 = 1; 05; pH = 0; 7;� = 0; 3], it turns out that for pL � 0; 55 ,
a� < 0; 4848. So, the restriction that at > a� is not binding inasmuch as for the same
parameters, it turns out that aeq;L = 0; 5134 (recall that the intermediate region starts
from aeq;L)!

34 See section 7.
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