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Abstract

We claim that the stock market encourages business creation, in-
novation, and growth by allowing the recycling of “informed” capi-
tal. Due to incentive problems, financing new innovative businesses
requires entrepreneurs either to sustain a tight relationship with moni-
tors (banks, venture capitalists) whose “informed” capital is in limited
supply or to undertake an irreversible reorganization that makes the
firm transparent enough to access the stock market. We characterize
the financial life cycle of firms, showing why they choose to be ini-
tially financed through informed capital, reconsidering whether to go
public once some uncertainty is resolved. We examine the efficiency
properties of the competitive equilibrium and identify the factors that
lead to the emergence of a stock market for young fast growing firms,
facilitate the recycling of informed capital, and encourage business
creation. We also show how the rate of technological progress affects
and is affected by stock market development.
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1 Introduction

During the last two decades, the US venture capital industry has been ex-
tremely active, many young innovative companies have become major players
in their corresponding industries, and there has been unprecedented growth
in the liquidity and value of Nasdaq, the stock market where most young
innovative companies decide to go public. This paper digs out some of the
theoretical linkages between these phenomena and studies their implications
for business creation, innovation, and economic growth.

There is wide consensus that venture capitalists, like some banks when
involved in tight relationships with the firms that they finance, have special
value for start-ups.! They use their reputation, wealth, and expertise (in
brief, their informed capital) in monitoring the activities of entrepreneurs
that, due to incentive problems, have difficulties in directly raising funds
among general investors.? It has been argued that going public is crucial for
profitably redirecting this capital towards new companies as it becomes less
necessary to older ones.> We bring this argument to general equilibrium and
claim that by allowing the recycling of informed capital the stock market
encourages business creation.

We consider an economy where new businesses are developed by entre-
preneurs who are liquidity constrained. Before these businesses become prof-
itable mature companies, their external financing is limited by a moral hazard
problem.* There are two solutions to their problem. The first requires that
the entrepreneur establishes and sustains a financial relationship with a mon-
itor. The second requires the firm to incur some irreversible (flotation) costs
in order to reorganize its management control system and thereby become
ready to access the more passive funding from general investors, in brief the
stock market.

We model the choice between these financing alternatives along the firms’

!See for example Petersen and Rajan (1994).

2The monitoring role of special classes of financiers has been the center of the re-
cent literature on financial intermediation, including Diamond (1991), Rajan (1992), and
Holmstrom and Tirole (1997).

3See for example Black and Gilson (1998).

4Rajan and Zingales (1998) document that mature US companies are much less depen-
dent on external finance than their younger counterparts.



life cycle taking into account the equilibrium value of monitors’ informed
capital. Due to either the scarcity of monitoring skills or incentive problems
that constrain monitors’ capacity to raise funds externally, informed capital is
in limited supply and tends to appropriate rents in equilibrium.® Yet, there
is some initial uncertainty on the profitability of each new firm and using
informed capital may allow to postpone the decision on whether to go public
till the disclosure of more precise information about the firm’s prospects.
Specifically, the entrepreneur faces a trade off between reorganizing a firm
which might turn to be unprofitable and paying the extra cost of monitors’
informed capital.

This trade off evolves along the firm’s life as new information gets dis-
closed. If the initial uncertainty is sufficiently large, the firm chooses to be
first financed through informed capital, reconsidering whether to go public
after some uncertainty is resolved. At that point, the firm internalizes the
fact that part of the funds raised by going public can be used to pay back
its monitor, who can then redirect her informed capital towards some new
business. Hence, the probability of going public depends positively on the
value of informed capital.

In equilibrium the value of informed capital is higher the larger the num-
ber of entrepreneurs that seek monitors’ financial support. When the eco-
nomic environment becomes more favorable to entrepreneurship, informed
capital becomes more valuable, and young firms decide to go public earlier,
accelerating the recycling of informed capital. This goes in parallel with an
endogenous increase in the size of the stock market for fast growing start-ups.

In our economy, the allocation of resources can be inefficient due to a nat-
ural incompleteness of contracts. Entrepreneurs and monitors get matched
after a process of search and set the terms of their relationships through
bargaining once they meet. We show that the going public decisions of the
competitive economy are constrained efficient, while the equilibrium num-
ber of entrepreneurs in search for a monitor is generally not. For instance,

if the ability of monitors to appropriate rents is too large, policies directed

See Holmstrom and Tirole (1997) for further justification of why informed capital is
in limited supply. They provide a static general equilibrium analysis of the allocation of
informed capital among a population of heterogeneous entrepreneurs when both entrepre-
neurs and monitors suffer from incentive problems.



to encouraging business creation can be welfare improving. We show that
bringing the rule whereby the parties share the surplus of their relationships
closer to the efficient one increases the equilibrium value of informed capital
and thus the incentives for start-ups to go public. This has two important
implications. First, the size of the stock market for young fast growing firms
becomes an indicator of the economy’s level of efficiency. Second, institutions
that affect the ability of entrepreneurs and monitors to appropriate the rents
of their relationships may explain why some countries have well-developed
stock markets for young fast growing firms whereas others do not.

We extend the model in three different directions. First, we introduce
technological progress. We start showing how the rate of technological progress
affects the development of the stock market: the larger the rate, the larger
the outside opportunities for informed capital, hence the stronger the incen-
tives to go public. Thus a high growth rate can endogenously lead to the
emergence of a stock market for young fast growing companies. The rate of
technological progress, however, is not exogenous to financial development.®
We then consider the case of endogenous growth. When there are externali-
ties in the innovation process and innovation is boosted by business creation,
the development of the stock market fosters technological progress through
the positive effects of the recycling of informed capital on business creation.”
This mechanism suggests a channel through which financial development
may affect growth without (necessarily) affecting savings.® Moreover a fi-
nancial underdevelopment trap may emerge where growth stagnates because
the stock market does not develop and the stock market does not develop
because growth does not pick up.

Secondly, we consider the possibility of liquidity externalities such that

the larger the number of firms listed in the market for young fast growing

6See Levine (1997) for a survey on the theoretical and empirical links between finan-
cial development and growth. Greenwood and Jovanovic (1990) develop a model where
financial intermediation and growth are endogenous.

" Aghion and Tirole (1994), Greenwood and Jovanovic (1999), and Hobijn and Jovanovic
(1999) provide reasons explaining why innovation may require the creation of new, inde-
pendent businesses.

SLevine and Zervos (1998) provide evidence that both bank development and stock
market liquidity are strongly related to productivity growth while their linkage with savings
is not significant.



firms the more attractive it becomes. We show that these externalities create
a strategic complementarity which is a source of inefficiency in the decision
to go public and can lead to the existence of multiple equilibria.

Thirdly, we endogenize the intensity of activities, such as investment
banking, which are meant to accelerate the resolution of uncertainty on start-
ups’ profitability. We show that the interests vested in ongoing entrepreneur-
monitor relations (which are stronger the less efficient the economy is) tend
to hamper the development of investment banking, thereby endogenously
delaying the recycling of informed capital and thus reducing the rate of cre-
ation of new firms. This implies that the underdevelopment of investment
banking goes together with the underdevelopment of the stock market for
fast growing companies.

The rest of the paper is organized as follows. In Section 2 we describe the
model. Section 3 characterizes individual firm behavior. Section 4 analyzes
equilibrium. In Section 5 we discuss our results on efficiency. Section 6

contains the extensions. The conclusions appear in Section 7.

2 The model

We consider an economy in continuous time where there is just one final

good, which is the numeraire.

2.1 Agents

There are continuous masses E of entrepreneurs, M of monitors, and I of
investors. All of them are infinitely lived, risk neutral, and maximize the
expected net present value of their income stream. Entrepreneurs have a
subjective discount rate p and are able to develop one business project per
unit of time. Monitors also have a discount rate p and can monitor one
entrepreneur per unit of time. Finally, investors have a discount rate r < p
and are endowed with some (sufficiently large) exogenous flow of income
that guarantees that their supply of funds is, on the relevant range, perfectly
elastic at the rate r. The difference p —r > 0 will provides a prima facie case

for investors to be the financiers in this economy.



2.2 Technologies

At every instant t, a mass IV of potential projects is randomly allocated
among the entrepreneurs not involved in developing another project. To be
operative, a project requires one unit of investment. If entrepreneurs want to
keep their projects ready for the future rather than making them operative
immediately, they have to incur a utility cost ¢ per unit of time. Operative
projects are called firms. A firm can be liquidated at any point in time
at a constant liquidation value @ € (0,1]. When a firm is liquidated, the
underlying project is lost for ever.

There are up to two stages in a firm’s life: a start-up stage, in which it
does not produce any income, and a maturity stage, in which it produces
an income flow § per unit of time. A fraction « of the firms are good (or
profitable) and have § = y > 0, while the rest are bad (or unprofitable) and
have y = 0. Firm types are initially unknown, but they get discovered at
maturity or, sometimes, before maturity.

The discovery of type and the transition to maturity are affected by a
moral hazard problem: If the entrepreneur devotes his effort to the firm,
its type will be early discovered and maturity will be reached according to
independent Poisson processes with arrival rates A and i, respectively.” Oth-
erwise, the entrepreneur gets a flow of unverifiable private benefits from the
firm, b < p@), but neither maturity nor early type discovery occur. Once

maturity is reached, no moral hazard problem exists.

2.3 Financing modes

In the absence of capital market imperfections, the entrepreneurs of this
economy would never find it optimal to accumulate wealth. Since they are
more impatient than the investors, p > r, they would like to borrow against
the whole future income of their present and future projects and anticipate
their consumption as much as possible. However, this option is not feasible
because of the moral hazard problem: an entrepreneur without a stake in

the project’s future income would prefer the stream of private benefits b

90f course, when project type is discovered before maturity, the entrepreneur’s effort
is still needed to reach maturity.



to contributing his effort during the start-up stage and, anticipating this,
nobody would finance the project.

A solution might be to finance the project, at least in part, with the
entrepreneur’s own funds. In our economy, however, this solution does not
work if NV is small relative to E, as we indeed assume. The reason is that if
an entrepreneur has very few chances to get a project, the difference between
the discount rate p and the market interest rate r will dissuade him from
accumulating any wealth.

We consider two external financing solutions. The first is informed capital
financing, which consists in the establishment of a tight relationship with an
expert monitor. (So we indistinctly refer to M as the number of monitors and
the stock of informed capital in the economy.) We assume that the monitor
may obtain enough information and control on the entrepreneur to guarantee
that he devotes his effort to the firm.!” For simplicity and without loss of
generality, we assume that monitors finance entrepreneurs with their own

funds.!!

Moreover, we assume that the provision of the funds for a project
occurs at the point the monitor starts a relationship with an entrepreneur.!?

The second solution is stock market financing, which comes from in-
vestors. Investors provide funds at a rate r < p that reflects the advantages in
terms of liquidity and risk diversification that associate with the issuance of
public securities vis-a-vis the private securities used in entrepreneur-monitor
relationships. However, since investors do no provide active monitoring, we
assume that going public before maturity requires reorganizing the firm and
imposing a management control system effective enough to guarantee (once

and for all) that the entrepreneur is diligent. This reorganization involves an

WFollowing Holmstrom and Tirole (1997), one could argue that monitors run a technol-
ogy that reduces the flow of private benefits associated with shirking, making it unprof-
itable to the entrepreneur. In a more classical sense, monitoring might consist in making
the entrepreneur’s actions verifiable so as to enforce penalties in case of misconduct.

" As in Holmstrom and Tirole (1997), this could be motivated by incentive problems at
the level of the monitors.

12Given the difference between p and 7, monitors want to commit as less wealth as possi-
ble to their activity. Monitors may form coalitions (such as banks or venture capital funds)
that pool together the cash flows involved in a large number of relationships. With such
an arrangement, monitors may diversify away projects’ idiosyncratic risk and guarantee
the instantaneous availability of funds for their new relationships.



unrecoverable flotation cost F.'

2.4 Search frictions

The process whereby entrepreneurs access to informed capital financing is
subject to search frictions. The underlying assumption is that projects are
heterogeneous and monitors are specialized in monitoring specific subsets
of the possible projects. Since evaluating whether the characteristics of a
project match the ability of a given monitor takes time, matching an entre-
preneur with a suitable monitor also requires time.

Following Pissarides (1990), we model the rate at which entrepreneurs
match with suitable monitors using a homogeneous-of-degree-one matching
function h(e;, m;), where e; and m; denote, respectively, the number of en-
trepreneurs searching for a monitor and of monitors searching for an entre-
preneur at time t. This function is assumed to be increasing and concave
in each of its arguments. Accordingly, an entrepreneur will find a suitable

monitor at the rate

h(e;, m 1
Q(et) = % = h’<179_t)7

which is decreasing in 0; = e;/m;. Analogously, a free unit of informed capital
will find a project to finance at the rate 6,q(6;), which is increasing in 6;. This
allows us to interpret 6, as an indicator of the level of credit rationing in the

economy.'* We further assume

lim g(z) = lim zq(z) =00 and lim g(x) = lim zq(x) =0, (1)

z—0 T—00 T—00

in order to guarantee that the equilibrium value of 6, is interior.

2.5 Contracts

If an entrepreneur and a suitable monitor who have just met separated,

each would have to go through a time-consuming process of search before

13The Appendix provides the condition under which the private benefits b render the
recourse to straight stock market financing (without paying F') unfeasible before maturity.

14 Search frictions generate a situation that fits into the formal definition of equilibrium
credit rationing (see Baltensperger, 1976): entrepreneurs willing to borrow from monitors
at the terms that prevail in equilibrium are (temporarily) unable to obtain credit.
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meeting a new suitable partner. Hence, there is some surplus from starting
a relationship. The contract that the entrepreneur and the monitor sign
makes them share this surplus. For simplicity, we focus on straight equity
contracts whereby they will receive a fraction a and 1 — «, respectively, of
any net revenue generated during their relationship. We assume that both
a and the conditions upon which the firm will go public or be liquidated
are determined at the beginning of the relation using a generalized Nash
bargaining rule in which the bargaining powers of the entrepreneur and the

monitor are 3 € (0,1) and 1 — 3, respectively.

3 The financial life cycle of firms

We have introduced two financing modes: informed capital financing and
stock market financing. Given the greater opportunity cost of monitors’
funds, stock market financing dominates if flotation costs are zero. This is
actually the case once firms mature. Among start-ups, however, there is a
trade-off between the cost F' of going public and the gains associated with,
first, the difference between p and r and, second, the possibility of reusing
the informed capital involved in the current entrepreneur-monitor relation.
When firms start up their types are unknown. Some are discovered to
be good or bad at maturity only. Others get their types discovered before
maturity. We need to analyze their financing decisions in every possible
state. Start-ups which are discovered to be bad, at or before maturity, will
be liquidated. Good start-ups which reach maturity will produce under stock
market financing. The cases of the start-ups of unknown type and the start-
ups that get their type discovered to be good before maturity require further

discussion.

3.1 The need for informed capital

If entrepreneurs decided to finance their start-ups of unknown type by di-
rectly going public, no firm would ever use informed capital in this economy.
We focus, instead, in the more interesting (and realistic) situation where F
is large enough to rule out the access to stock market financing at such an

early stage.



Suppose that the investors value at R° the future income from an un-
known start-up to which the entrepreneur devotes his effort. Since buying
the machine and solving the moral hazard problem costs 1+ F|, directly going
public will not be feasible if R® — 1 — F' < 0. Let the investors’ value of the
income of a good firm at maturity and at the early discovery of its type be
denoted by Y = £ and RY = £V, respectively. Then, after computing

r p+r
R°Y we find a critical value

Fm:AhRW+O—7Xﬂ+uRm_17 )

A+ p+r

with R™ =~Y + (1 — v)@Q, such that if
F>F° (3)

start-ups of the unknown type cannot directly access stock market financing.

Under (3) entrepreneurs will have to rely on informed capital to start up
their projects, postponing the going public decision to either maturity (where
there is no doubt on the optimality of going public) or the early discovery of
their firms’ type. We analyze the latter decision below, in the context of the

entrepreneur-monitor relationship.

3.2 The entrepreneur-monitor relationship

Consider what happens when an entrepreneur who is trying to finance a
project of unknown quality meets a monitor who has the informed capital
necessary to do so. They have to agree on the sharing rule a € [0, 1] according
to which they will divide the revenue generated during their relationship.
They also have to decide whether the start-up will go public in case it is
discovered to be good before maturity. We formally represent this financial
life cycle decision by the probability f € [0, 1] of going public at that point.

Let B* and L* respectively denote the entrepreneur’s and the monitor’s

value of a relationship in which the firm type is unknown. According to the

15To compute R, think of a firm of unknown type as an asset whose returns are described
by the equation rR® = A\(R? — R®) + u(R™ — RP). Similarly, R can be obtained solving
rRY = (Y — R?), and Y solving rY = y.

10



generalized Nash bargaining rule, o« and f will solve

B~ U (L —1-V)" 7, (4)

max
(o, f)€[0,1]x[0,1]

where U and V are the values of the outside options of each party, which
from the point of view of the maximization are taken as constants, and —1
accounts for the funds provided by the monitor in order to make the project
operative.!

The entrepreneur’s value of the relationship solves

pB" = Mfa (R = F)+~y(1-f)B'+(1-7)aQ - B"]
+u (aR™ — BY), (5)

where the first term captures the capital gain associated with the early dis-
covery of type and the second the capital gain at maturity. To explain the
first, notice that if the firm is discovered to be bad it gets liquidated at a
value ). If, on the other hand, it is discovered to be good, it goes public
with probability f, which yields a total net revenue of R?* — F, while the
relationship is continued with probability 1 — f, which has a value B¢ to the
entrepreneur. This value solves

pB* = (oY — BY), (6)

reflecting that, once the good firm matures, going public yields a total revenue
of Y and the relationship with the monitor terminates.
Analogously, the monitor’s value of the relationship while firm type is

unknown solves

pL* = Aaf(L—a) (R'=F)+7(1- L+ (1-7)(1-0)Q L]
[l —a) R = L'+ [A+p— My (1= )]V, (7)

The first two terms in the right hand side are symmetric to those in (5). The
new third term reflects the recycling of informed capital, worth V, that takes
place when the relationship with the entrepreneur breaks up. This occurs

upon the arrival of any news, except if the firm is discovered to be good

16In the next section, we discuss how the values of U and V are determined in
equilibrium.
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before maturity in which case there is a probability 1 — f that the relation
continues. The monitor’s value of continuing the relation after the firm is

early discovered to be good, L¢, is given by
pLd:,u[(l—a)Y—i-V—Ld}. (8)
The first order condition for the choice of « in (4) implies that
B*=U + S, (9)

L"=14+V+(1-75)5, (10)
where S = (B* + L* — 1) — (U 4 V) represents the surplus from starting the

entrepreneur-monitor relationship.

Given (4), (9) and (10), the parties will agree on the financial life cycle
decision f that maximizes S. To obtain an expression for S conditional on
f, we first add up (5) and (7), using (6) and (8). Then we group together
the terms which include B* + L" and add and subtract constants so as to

replace them with S. This yields:
A

S = m[Vf(Rd—F)+7(1—f)(Rw—;_‘DrpV)+(1—7)Q}
K m___ Py _y_
T eV UL (11)

where RV = Ei—pY represents the sum of the entrepreneur’s and the monitor’s
value of the revenue that they will receive if the start-up which is known to
be good is sold to investors at its maturity.

The surplus S is affected linearly by financial life cycle decision f. Deriving

with respect to f in (11) identifies a critical value

Fl— (p—r)pY 4 pV (12)

(n+p)(u+r) ptp

such that it is optimal to set f according to the rule

1 if F<F4
pfy

0 otherwise. (13)

The expression for F'¢ shows that the going public decision of a start-up that

gets its type discovered to be good produces two gains. The first is a liquidity

12



gain because going public allows the entrepreneur and the monitor to profit
earlier from the lower discount rate that reflects the greater liquidity of the
financial positions of the investors. Investors are willing to buy the firm at a
price R? once its type has been discovered to be good (and F' has been paid),
while the entrepreneur’s and monitor’s value of the revenue that they will
receive by selling the firm at maturity adds up to R* < R? since p > r. The
second is a recycling gain because going public frees the informed capital of
the monitor, worth V, immediately rather than at maturity. The discount
factor ;i—p accounts for the expected cost of the time till maturity.

The presence of V' in (12) and its subsequent influence on the choice of
f indicates the “endogeneity” of firms’ financial life cycle in this model and
identifies the source of an interesting feedback that we further analyze in the
next section: equilibrium V' will both determine and be determined by the
speed of recycling of informed capital associated with the endogenous going

public decisions of start-ups.

4 Equilibrium

The equilibrium in our economy can take three possible configurations, de-
pending on whether the creation of new firms (that will be the source of
growth in aggregate output) is ultimately constrained by the stock of in-
formed capital M, the flow of new projects N, or both. We are going to
focus on the first of these configurations by assuming that M is small rela-
tive to V.

Formally, an equilibrium is a level of credit rationing 6 € [0, 00) and a con-
tract (o, f) € [0, 1] x [0, 1] governing each entrepreneur-monitor relationship,
such that no privately profitable business opportunities remain unexploited.
With M small relative to NV, the latter requirement means that, in addition
to (a, f) being fixed according to (9)-(13), a free entrepreneur’s value from
searching must be zero, U = 0, while a free monitor’s value from searching
must be positive, V' > 0.

We characterize the unique equilibrium of our economy by reducing the
different equilibrium conditions to a single equation that uniquely determines

. The discussion will focus on the equilibrium 6 and the unique equilibrium

13



life cycle f associated with it. Afterwards we analyze the equilibrium rate of
creation of new businesses, commenting on the incidence of financial imper-

fections and flotation costs on this rate.

4.1 Credit rationing and the financial life cycle

The values from searching, U and V, solve the equations
pU = —c+q(0) (B*-U), (14)

pV =0q(0)(L*—1-V), (15)

where ¢ measures the utility cost required for an entrepreneur to maintain
his project during the process of search, ¢ (6) and g (0) account for the
rates at which the corresponding agent finds a partner with whom to start a
relationship, and B* — U and L" — 1 — V measure each party’s net gain from
starting the relationship.

The solution to the bargaining problem, (9) and (10), allows us to write
(14) and (15) as

pU = —c+q(0) BS, (16)
pV =0q(0) (1) S. (17)
Then U = 0 implies
1-p
pV = 3 ch, (18)

which substituted in (12) yields

(p—1)puy +(1—ﬁ)69
(n+p)(ptr)  (n+p)p

where 6 is the only endogenous variable.

F(9) = , (19)

This expression together with (13) allows us to account for the optimal
choice of f in (11). Then, with U = 0 and using (17) to substitute for V, we

obtain

)\{fde—ymin [F,Fd(G)} +(1—7)Q—1}+M(Rm—1)—p

A p+p+(1-03)0q(0) ’
(20)

S () =

14



where again 6 is the only endogenous variable. Notice that S(f) is strictly
decreasing in @ since both F'? (9) and 0q () are strictly increasing in .17
Finally, given S = S (0), imposing U = 0 in (16) leads to the equilibrium

free-entry condition for entrepreneurs:

Bq(0)S(0) = c. (21)

The left hand side of this equation is continuous and strictly decreasing in
6; moreover, lim, .~ ¢ (z) S (x) = 0 and lim, o q(z) S (x) = oo, by (1). So
(21) does always have a unique solution 0 € (0, c0). (Notice also that 6 > 0
and (18) implies, as required, V' > 0.)

Given the solution for equilibrium € that arises from (21), one can deter-
mine the (generically) unique equilibrium financial life cycle of firms, f by
using (13) and (19).!8

4.2 The equilibrium rate of business creation

In our economy the existence of a moral hazard problem during the start-up
stage together with the excessive cost of going public before a firm is known
to be good, condition (3), imply the need for informed capital. If the stock
of informed capital M is small relative to the flow of new projects NN, the
creation of new firms ends up constrained by the former. We show below
how this constraint relates to the equilibrium values of # and f, and thereby
to the parameters (most notably, F') that determine them.

Let u; denote the pool of start-ups of unknown type (all of which are in
a entrepreneur-monitor relationship) and let d; denote the pool of start-ups
discovered to be good which remain in a relationship. Then the stock of free
informed capital at time ¢ will be m; = M — d; — u; and the flow of newly

created firms at time ¢ will be

since each free unit of informed capital matches with a suitable entrepreneur
at the rate 0q ().

1"This argument implicitly assumes that S (6) is positive for all #. A sufficient condition
for this is: A[yR? —vF+ (1 —=9)Q — 1] + p(R™ —1) — p > 0.

18Similarly, one can determine the unique equilibrium value of € (0, 1) using equations
(5)-(10). We omit the details for brevity.
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The evolution of u; is in turn driven by the entry of the newly created
firms and the exit of those that either mature or get their type discovered.
Thus,

U =ng — (A4 p) wy. (23)

Analogously d; is increased by the flow of start-ups discovered to be good
that do not go public and decreased by the exit of those that reach maturity,

SO
dy =My (1 — f)uy — pd. (24)

Setting d, = @; = 0 in the previous equations, we obtain the steady-state

rate of creation of new firms:

0q (0) (A +p) M
A p+ 1+ 22 (1— f)log (6)

n=~0q(0)m= (25)
which is the product of the rate at which one unit of free informed capital
finds a project to finance, q (0), and the stock of free informed capital in
steady state, m. Note that m is larger the quicker the informed capital used
in relationships gets recycled (the larger f).

The rate n is important since a fraction 7 of the newly created start-ups
eventually become mature good firms, so in steady state the pool of mature
good firms and aggregate income (the output they produce) will grow linearly
at the rates yn and yyn respectively.! The rate n can be compared with
what it would be in the absence of the moral hazard problem, n = N, or in
the absence of search frictions, n = [1+ %(1 — YA+ ) M, where f > f
denotes the going public decision of discovered-good start-ups that would
characterize such an economy.?’ Clearly 7 > 7 > n, which means that both

the moral hazard problem that affects the start-ups and the frictions that

19This economy exhibits linear rather than exponential growth. In section 8 we model
explicitly the externalities that are required to sustain exponential growth.

20The life cycle decision f is driven by (12) and (13), as in our economy. What makes
the problem different is the different equilibrium value of informed capital without search
frictions, say V. If entrepreneurs and monitors match immediately, they do not need to
be compensated for any cost incurred during the process of search, hence 0 = U = B¥ and
V = L*—1 and all the net revenue from a relationship, BY 4 Lv— 1, will be appropriated
by the monitor. Since this revenue is no smaller than in our economy, we have V=
B4+ L*—1>B%+ L*—1>U+V =V, which implies f > f (6).
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affect their search for informed capital have a negative impact on growth.?!

Importantly, the various parameters that describe the financial structure
of the economy (e.g., F, M, and the difference between p and r) have an
influence on business creation and growth. Consider, for instance, the effect
of an increase in the flotation cost F. Suppose that in equilibrium F < F4 (),
so f = 1. From (20), increasing F' decreases S (#) and, thereby, has a negative
impact on the profitability of entrepreneurship, U. Then, from (21), restoring
the equilibrium requires a lower level of credit rationing. However, a lower 6
implies that the free units of informed capital will match with entrepreneurs
at a lower rate. As a consequence, the steady state rate of business creation
n will fall.

The negative effect on growth of an increase in F' is more dramatic when
it alters the financial life cycle of the firms. Notice that as F' increases, 6
decreases, so V decreases and F? (6) also decreases. So eventually F' > F? (0)
which will discourage good start-ups from going public. But switching to f =
0 means that informed capital gets stuck for longer in ongoing relationships,
so the steady state stock of free informed capital m and, hence, the steady

state rate of creation of new firms n will fall.??

5 Efficiency

In this section we compare the competitive equilibrium of our economy to the
constrained social optimum. Since the welfare of the population of investors
is invariant to the equilibrium allocation, we define the social welfare function
as the present discounted utility of the aggregate consumption flows of the
monitors and the entrepreneurs, IW. The social planner will take as given the
moral hazard problem inherent in financing a start-up as well as the search
frictions involved in allocating informed capital. At any point in time, the

state of the economy is fully summarized by the quantities u; and d; that

21'We do not emphasize the role of search frictions in reconciling cross-sectional or time
series variation in growth. Yet, our results identify an interesting avenue for further both
theoretical and empirical research.

22Rajan and Zingales (1998) and Kumar et al. (1999) provide evidence that suggests
accounting standards as an empirically relevant source of cross-country variability for our
parameter F. Specifically, they find that country-specific accounting standards strongly
interact with the industry-specific need of external financing in explaining industry growth.
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represent, respectively, the pools of unknown start-ups and of good start-ups
that remain financed through informed capital after being early discovered
to be so. Without loss of generality, we consider time invariant allocations
described by a level of credit rationing § and a financial life cycle f.2* The
social welfare function can then be written as a function W (u, d; 6, f) which

satisfies

PW (ug, dis 0, f) = {N|7f (R = F) + (1 =) Q| + uR™}uy + pYd,
— [0+ 0q(0)] (M — dy — wy) + 2", + 2%d, (26)

_dw

uw _ dW d _ dW
where 2% = T, and ¢ = ad;

an unknown and a good start-up, respectively, while ; and d, are described
by (23) and (24) respectively.

Now we can prove our first result on efficiency: that conditional on the

indicate the marginal contributions to welfare of

level of credit rationing 6, the financial life cycle of firms in the compet-
itive equilibrium is socially efficient. In the Appendix we show that fully

differentiating in (26) with respect to f yields

&r <o if  F>FY0),
(27)

>0 if  F<FY9),

which means that the social planner’s rule for the choice of f coincides with
the rule (13) that entrepreneurs and monitors use to decide f at the beginning
of their relationships.

The same cannot be said about the equilibrium level of credit rationing.
ﬁ% denote the elasticity of the matching function

with respect to the number of entrepreneurs that search for monitors, which

To see this, let n =

is a measure of the marginal contribution of the former to the creation of new
businesses. In the Appendix we show that, in steady state, the equilibrium

value of 6 will be lower (higher) than socially optimal if the entrepreneurs’

23Under a time invariant configuration of parameters, neither the competitive equilibrum
nor the solution to the social planner problem will exhibit time variation in 6 and f. In
principle such variation might be induced by the evolution of the state variables. However,
neither the equilibrium (as seen in the previous section) nor the social optimum (as can
be deduced from the analysis below) imply values of § and f that depend on u and d. So
the analysis that follows implies no loss of generality.
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bargaining power (3 is lower (higher) than n. Formally,

<o if  B>n,
(28)
%>O it g<n.

To explain this, notice that our economy allocates informed capital to projects
in a highly decentralized fashion. When a entrepreneur meets with a suitable
monitor the surplus of their relationship is divided according to the sharing
rule implied by the bargaining powers # and 1 — 3. Ex ante the sharing
rule plays a crucial role in encouraging or discouraging entrepreneurs with
projects to search for a monitor. However, opposite to a Walrasian price, 8
and 1 — 8 may not adjust to reflect the scarcity or the marginal social value
of a searching entrepreneur or a searching monitor. The equilibrium yields
an efficient level of credit rationing only when, by coincidence, 8 = n.%*

If B < n, monitors are “too strong” in the sense that entrepreneurs ap-
propriate too little surplus (relative to the first best) and enter the process
of search at an inefficiently low level, hence 6 is too low. If so, policies aimed
at directly encouraging entrepreneurship can be welfare improving. This ra-
tionalizes the view according to which having a “too strong” banking sector
may be an obstacle for entrepreneurship and growth, and may justify policies
oriented to increase the number of entrepreneurs.

An alternative way of increasing efficiency might be to reform the insti-
tutions that determine the division of the surplus or, in model terms, the
distribution of bargaining power as parameterized by 3. On this respect, our
previous result means that reaching efficiency would require making 3 = 7.
We prove in the Appendix that, when setting 8 = 7, not only welfare but
also the equilibrium value of informed capital, V, reaches a (local) maximum.
But from (12), this implies that F? also reaches a maximum; in words: an
economy with an efficient division of the surplus valuates the recycling role
of the stock market more than those with an inefficient one. Therefore, for
given F', reforms which improve the allocation of resources by changing the

division of the surplus will encourage firms to go public earlier. Similarly,

24The result that, in an economy with search frictions, the allocation of resources is
constrained efficient when bargaining powers reflect the contribution of each side to the
creation of new relations is originally due to Hosios (1990); see also Pissarides (1990).
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the institutions behind such a division, as the level of competition among
monitors or the extent to which their informational monopolies are legally
protected, may explain the emergence or not of a market for young fast
growing companies such as, for example, Nasdaq in the US.

This finding may throw some light on a question that has been repeat-
edly raised in Europe: Is the lack of a well-functioning market for young fast
growing companies a cause of the apparent weakness of European entrepre-
neurship??® If the lack of a stock market for fast growing companies is due to
some exogenous deficit in terms of financial integration and regulation that
makes F' larger in Europe than in the US, the answer is yes, according to the
results obtained at the end of Section 4. Yet our findings in this section sug-
gest that the “problem” of Europe might come from some deeper inefficiency
in the allocation of resources. With g < n the lack of a market for young
fast growing companies might just be one more effect of the problem that
causes the lack of entrepreneurship, reduces the value of informed capital,

and discourages firms from going public early.

6 Extensions

6.1 Growth

We think that our model has implications for the linkage between financial
development and growth. For the recycling role of the stock market to be
empirically relevant for innovation and growth two conditions must be sat-
isfied. First, some innovations must require the creation of new businesses.
Aghion and Tirole (1994), Greenwood and Jovanovic (1999), and Hobijn and
Jovanovic (1999) provide reasons explaining why at least part of the inno-

vations cannot occur inside the corporations that already exist.?® Secondly,

25 According to a Communication of the European Comission (1998, p.1), “what is at
stake is the creation of a new entrepreneurial culture in Europe. The real political challenge
is to provide the tools, enabling technologies and financial instruments for a new generation
of European entrepreneurs to start up and succeed.”

26For instance, Aghion and Tirole (1994) consider the holdup problem that affects the
relationship between an innovator and the potential user of the innovation. They show
that, when the incentives of the innovator are important, the optimal solution involves
making him the owner of his innovation, that is, creating a new firm.
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business creation must be effectively constrained by the availability of in-
formed capital. We think that this condition is likely to be the case during
technological revolutions, when investment opportunities flourish under the
impetus of new products and technologies.?”

In this extension we look at the implications for growth by introducing
technological progress in the model. First, we analyze its impact on financial
development by examining its effects on the financial life cycle of start-ups.
Secondly, we endogenize the rate of technological progress by making explicit

the role played by business creation in innovation.

6.1.1 The effect of growth on financial development

Assume that all relevant quantities in the life of a firm are scaled up by
a factor X; that identifies the state of technology at time ¢ and, due to
technological progress, grows at a constant exponential rate g = % < r.
Thus, at time ¢, the investment required to make a project operative is X,
the liquidation value of a firm is ; = QX;, the flow of private benefits that
the manager can obtain in case of misconduct is b; = bX;, and the cost of
going public is F; = F X;. Analogously, if a firm successfully reaches maturity
at time t its output is y; = yX; from that time onwards.

This economy has a balanced-growth equilibrium where aggregate output
is .

O; = / stl%:Sds = %e"”,

which grows at rate g, while both the level of credit rationing # and the
contract (v, f) that governs entrepreneur-monitor relationships are constant
over time. As in the basic model, we can reduce the different equilibrium
conditions to a single equation that uniquely determines # and then obtain

f recursively.

2TThese two conditions seem to apply well to the current wave of technological progress.
For example Kortum and Lerner (1998) attribute the recent jump in patenting in the
US to a sharpe increase in innovation. Moreover, Krusell et al. (1999) note a significant
increase in the rate of technological change which is investment specific. In particular they
observe that the rate of technological change that is specific to capital equipment has been
2.7 percentage higher after 1975 than before. The acceleration in the rate of technological
progress is commonly attributed to the ‘IT revolution’. Greenwood and Jovanovic (1999)
and Hobijn and Jovanovic (1999) argue that, differently from the previous technological
revolutions, IT has mainly benefited newly created firms rather than incumbents.
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Specifically, the value at time t of the surplus of a relationship in which
firm type is unknown is given by the product of X; and the quantity

MR (g)-ymin [F, F(6, )| + (1-9) Q-1} + p(R™1)-p+ g

A p+p—g+(1—-5)0q(0) ’
(29)

S(0,9) =

where R? (g) = uf:?iq and

(p—r)pY (1—08)ch
(wtp—g)(p+r—g) (u+tp—9g)8
After scaling up by X;, these quantities have the same interpretation as our
previous variables S (6), R?, and F?(6). Notice also that both S (6, g) and
F (6, g) are increasing in g.

Fi(0,9) =

The equilibrium level of credit rationing 6 is the unique solution to the

free entry condition for entrepreneurs:

Bq(0)5(0,9) =c, (30)
while the firms’ s financial life cycle is determined by the rule

1 if F<FY0,9)),

J(0.9) = { 0 otherwise, (31)

analogous to (13). To see the effect of a change in the rate of technological
progress g on the equilibrium, notice that, for given 6, if g increases, the
surplus of entrepreneur-monitor relationships S (6, g) increases. But then
the profitability of becoming an entrepreneur also increases, so restoring the
free entry condition implies that the equilibrium level of credit rationing 6
must rise.

As a result of the higher g and the higher 0, F? (6, g) goes up making
more likely that start-ups go public. This means that, higher growth brings
more profitable opportunities for informed capital thus raising the incentives
to develop a stock market for young companies. As a result, the rate of

technological progress positively affects the development of financial markets.

6.1.2 Endogenous growth

We now endogenize the rate of technological progress g by introducing a

positive externality related to the success of new businesses. We assume that
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every time a firm successfully reaches maturity, it induces an (intertemporal)
externality which improves the state of technology X; of all start-ups. More
specifically, we assume that X; grows at a rate proportional to the density
of firms that successfully reach maturity &;.2¢ In steady state k, = yn, hence
the rate of technological progress g is, by (25),

oy (A +p)bq (6) M

T T O (- (6, 9))0a(0) (%)

where o measures the size of the innovation (and its associated externality).
Notice from (31) that the equilibrium financial life cycle is given by f (6, g),
which is increasing in its two arguments. Then (30) and (32) solve for the
steady-state equilibrium of our economy in the 6 — g space. (32) defines a
positive relation between the steady state growth rate of the economy and
the equilibrium level of credit rationing. The larger is 6, the larger the rate
of business creation and the larger the probability f that good start-ups
go public. Hence the larger is the rate of technological progress g. It also
follows from the analysis of the previous section that (30) defines a positive
relation between 6 and g. The larger the rate of technological progress, the
larger is the profitability of entrepreneurship and so is #. Hence when the
rate of technological progress and the development of financial markets are
both endogenous, growth might stagnate because the stock market does not
provide enough recycling of informed capital and this, in turn, is so because
of the lack of growth. When this happens the economy falls in what might

be identified as a financial underdevelopment trap.

6.2 Liquidity externalities

Our stock market for good start-ups resembles a stock market for young

fast growing companies like Nasdaq in the US. The analysis in the previous

28This follows Caballero and Jaffe (1993) and Aghion and Howitt (1998), among others.
A natural interpretation is that there is a continuum of increasingly productive techniques
indexed by a real number which corresponds to the log of its productivity parameter.
Maturity means that the good firm has succeeded in discovering a new technique and all
start-ups can hereafter search for the next technique in the continuum. So, at any point
in time, the rate of technological progress is proportional to the flow of firms that reach
maturity at that time.
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sections has already delivered some possible answers to the question on why
that type of market might or might not emerge. In this extension we explore
an alternative answer based on liquidity externalities that create a strategic
complementarity in the going public decisions of start-ups and can lead to
the existence of multiple equilibria. The analysis identifies fragmentation as
a possible cause for stock market underdevelopment and provides a rational
for subsidizing IPO’s.

Nasdaq has been claimed to be just an ‘IT facility’ that allowed previously
fragmented over-the-counter markets to merge into an increasingly liquid
one.? Its success points out to the importance of liquidity externalities in
determining the attractiveness of a market. A possible way of capturing them
in our model is to assume that the flotation cost F’ is negatively related to the
number of start-ups discovered to be good that are public, p.*¥ Explicitly,
suppose that we have F' = F (p) with F'(p) < 0, lim, o F'(p) = oo, and
F° < F(M). Then, following the same steps as in Section 4, we obtain that
the steady state value of p will be given by

My fOq(0) M
A p+ 1422 (1= f)] 6g(6)

p(0.f) = :
which is increasing in both ¢ and f.

For given f, equation (21) and the condition

F(p0,f)=F (33)

solve for a candidate steady state equilibria of our economy in the § — F
space. However (13) and (33) imply that multiple equilibria can emerge.
This is because there is a strategic complementarity in the choice of life cycle
variable f. Suppose f is low, then p is low, so F' is high, reflecting that the
market for fast growing companies is not very liquid. But then choosing
a low f can indeed be optimal. With similar arguments one can show the
sustainability of an equilibrium with high f. More formally, notice that with
f =0, we have p = 0, F goes to infinity, so f = 0 is an equilibrium. On

29Gee Smith et al. (1998) for a detailed description of the history and functioning of
Nasdagq.

30See Subrahmanyam and Titman (1999) for an information-based microfoundation of
liquidity externalities.
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the other hand, if assuming f = 1, it happens that the candidate equilibrium
value of 6 satisfies F' (p (6,1)) < F(6), then there is also an equilibrium with
f = 1. These two equilibria are Pareto-ranked and the one with a smaller
flotation cost associates with larger welfare. Therefore, if the economy is
blocked in the worse equilibrium, the analysis delivers a rational for why
subsidizing IPOs might be welfare improving.?!

Actually, in the presence of liquidity externalities, the rationale for subsi-
dizing IPOs is more general and does not need to rely on multiple equilibria.
To see this, consider a simple generalization of our model in which start-ups,
indexed by j, differ in their cost of going public, F}j(p), with Fj(p) < 0. Then,
start-ups will decide to go public if their Fj(p) is below the critical value
F? (). However, since each start-up does not internalize the effects of its
decision on the cost of going public of the others, the equilibrium number of
IPOs will be suboptimal. In other words, the critical value F? (§) would be
below the socially optimal one and a subsidy to IPOs would reduce the gap

between the two.

6.3 Investment banking

In this last extension we analyze how the cost of going public and the financial
life cycle of start-ups interact with the development of investment banking
activities. We associate these activities with the gathering of information
regarding the profitability of start-ups and we measure their output by the
now endogenous rate A at which unknown start-ups discover their type.

Let C()\) denote the flow cost (in income units) that a firm must incur
in order to induce an instantaneous rate of arrival of information about its
type A\. We assume that C'()) is increasing and satisfies the standard Inada
conditions.?> Moreover, we assume that this cost is verifiable so that A can

31 An explicit evaluation of the gains from moving from an equilibrium with f = 0 to one
with f =1 is, however, complicate since during the transition the endogenous variables 6
and f would be functions of the state variables of the system, u;, d;, and p;. Moreover,
the costs of transition might render the net welfare gains from switching to the “good”
equilibrium negative.

32We have modelled the costs of producing A as internal to the firm. Alternatively, we
might have assumed that there is a perfectly competitive investment-banking sector that
provides its services to firms at a given price per unit of A. If this sector faces marginal
costs which are constant in the number of firms that it serves (quantities) but increasing
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be written into the contract between the entrepreneur and the monitor at
the beginning of their relationship.
As the entrepreneur has no own wealth, C'()) is financed by the monitor,

whose value of the relationship while firm type remains unknown is now given

pL" = —CO)+A|7f (1-0) (R* = F) + 4 (1-f) L + (1) (1-0) Q — L"|
+pl(l-a) R™ — L]+ A+ p = Ay (1-f)] V.

We neglect potential hold-up problems by assuming that the initial agree-
ment on A € [0,00) is not subject to renegotiation. The initial bargaining

problem is extended to:
max (B* (L —-1-v)""*

and the new expression for the surplus is

A u
= S D (R F) e ) () + (1))
p 1 )
——R"———C(N)-——V-U-1 A
IEEEr L v e (34)

The solution to the bargaining problem for o and f implies the same con-
ditions (9), (10) and (13) as in the basic model. Moreover the first order

condition for maximizing S with respect to A can be written as

CN=[f(R'=F)+y(1- (R = £V)+(1-7)Q|-U-1-5.
(35)
Using (35) and following the same steps as in Section 4.1, the equilibrium

surplus can be compactly expressed as

p(R"—1)+ AC'(A) —C(A) —p
pAp+(1—03)0q(0) ’

where 6 and A are the only endogenous variables. Given (36), the free entry

S(6,)) =

(36)

condition for entrepreneurs becomes

Bg(0)S(0,)) = ¢ (37)

in the intensity of the analysis A (quality), the main conclusions would be identical.
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while, after accounting for the equilibrium choice of f , the first order con-

dition for A\ can be rewritten as

Cc

IONE

C'(A) = {yR* — ymin |[F, F* (6)] + (1 = 7) Q — 1} —
where ¢ (0) was defined in (19).

Equations (36)-(38) solve the model in the § — A space. The first two de-
fine a positive relation between 6 and A: the larger the intensity in gathering
information A, the larger is the surplus of an entrepreneur-monitor relation-
ship S and, thus, the induced level of credit rationing 6. In contrast, the
first order condition (38) establishes a negative relation between 6 and . Tt
reflects that, in equilibrium, a larger 6 associates with a larger S and, conse-
quently, with a lower capital gain from discovering the firm’s type. (Notice
that such discovery makes the relationship to change status or to sever.) The
solution is therefore unique. After solving for 0, (13) and (19) determine the
equilibrium financial life cycle f. It can then be checked that increasing the
flotation cost F' shifts (38) to the left thus reducing both the level of credit
rationing ¢ and the intensity of investment banking activities \.

This analysis has two interesting implications. First it predicts a nega-
tive correlation between the intensity of investment-banking activities and
the cost of going public. It also shows, see (35), that the larger the rents
generated by the entrepreneur-monitor relationship the lower is the incentive
for gathering information that may eventually sever the relationship. In-
terestingly, it can be shown that the size of these rents is minimized under
the efficient sharing rule, when the value of informed capital is maximized.
Therefore, an inefficient allocation of resources generates vested interests in
ongoing relations that hamper the development of investment-banking activ-
ities thus reducing the amount of information about start-ups, delaying the
recycling of informed capital, and diminishing the size and the scope of the

stock market.

7 Conclusions

We have analyzed how securities markets interact with informed capital fi-

nancing in promoting growth. We have focused on the financial problem
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of fast growing start-ups. The implicit assumption has been that, during
a technological revolution in which innovation requires the creation of new
independent businesses, start-ups are the seed of future growth. The model
implies that institutional differences in securities markets may produce cross-
country differences in the patterns of firm creation and in the speed at which
new technologies are adopted. For example the lack of a well developed
market for small fast growing companies in Europe might help explain why
Europe has fallen behind the US in taking advantage of the I'T revolution
and, more generally, in the adoption of high-tech technologies.*® Further-
more, by endogenizing various aspects of the economy’s financial structure
(firms’ life cycle, market liquidity, investment banking) we have identified
possible causes of financial underdevelopment and potential policy responses.
In addition our model provides a framework for an explicit evaluation of the
welfare implications of these policies.

For analytical convenience we have abstracted from the details of the
financing problem of mature firms. Yet the choice between informed cap-
ital financing and securities market financing remains relevant during the
whole life of the firm. Analyzing how this choice affects the ability of ma-
ture companies to innovate and grow represents a challenging call for further
research. In our model the stock market stimulates growth because it re-
cycles informed capital. Going public might however hamper the process
of innovation of mature companies. For example, the pressure of market
investors might either reduce the time horizon of management, negatively
affecting R&D investment, or force the management to disclose unwanted

information, thus reducing the appropriability of innovations.

33Gee OECD (1994). Pagano et al. (1998) note that the typical newly listed company is
much larger and older in Italy than in the US. They attribute this to the lack of enforcement
of minority property rights which makes it more difficult for young and small companies
to capture investors’ trust.
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Appendix

Impossibility of stock market financing without paying F

To rule out the possibility that entrepreneurs finance their start-ups through
the stock market without paying F) it suffices to guarantee that even if the
firm were known to be good such an arrangement would not be feasible. Con-
sider a good start-up and let & describe a contract whereby the entrepreneur
and some investor get some fractions & and 1 — &, respectively, of the value
of the firm at its maturity, Y. Under such contract, the entrepreneur’s value
from running the firm, II, is given by

pIl = max {b, u(aY —II)}
and the contract & provides incentives for effort if and only if

b
azfﬁgﬁz. (39)

Let D denote the value of the investor’s stake in the project when this con-
dition holds. Then,
pD =[(1 - a)Y — D]

and he will be willing to finance the project only if D > 1, that is,

> PET

(1-a)= i (40)

However, the inequalities (39) and (40) are not compatible if b is too large.
Specifically, if
b - ng A+
pputp ptp

(41)

as we assume.
Results on efficiency

In this section we prove our results on efficiency. We start obtaining the
dynamics of the costate variables z* and 2z that appear in (26); time indices
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are omitted, for brevity. Differentiating (26) with respect to u, d, and time,
we obtain

o= DAptp0g(0)] 2 =My (1= f) 2= A vf (R = F) +(1-7)Q]
—uR™ — [cf + g (0)] (42)
2= 0g(0) 2" + (u+p) ' — pY — [c0 + 0q ()] (43)

where 2% and 2% are the derivatives with respect to time of z* and z? respec-
tively. These equations define a linear system with constant coefficients in
2% and z¢ that is globally unstable. Hence 2* and 2z¢ are two jump variables
that must satisfy the condition 2% = 3¢ = 0 at any point in time. Using (42)
and (43) this implies

i _ At ptp) [pY +cf +0q(6)] +0q (6) [nY

(m+p) A+ p+p+0g(0)] + Xy (1—f)oq(0) °

M A= PpY +0+0g(0)]+ (ptp)[cf+0q(0) + A(Sf)]
(4 p) [N+ p+p+0q ()] + Xy (1— f)0q(0) ’

where A (f) :)\[Vf (Rd—F) —I—(l—y)Q} + uR™.

1. Efficiency of the equilibrium financial life cycle Differentiating
(26) with respect to f we find that

aw Ay 4 d
& _ M (Ri_F_ 4

which, given (44), has the same sign as the quantity

B = A+pu+p+0q(0)](n+p) (R = F—R") +0¢(0) A(1)
—(A+p+p)[cd +0q(0)]. (47)

To evaluate the sign of B, consider first the case where in equilibrium F <
F?(),so f =1. Then (20) and (21) allow us to write

Atp+p+(1-5)0q(0)]c

[
A(l) = +A+pu+p). 48
) = (Atutp). 09
Substituting back in (47) and using (19), we find that
B =F'() - F > 0.

(k+p) A+ p+p+0q(0)]
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Consider next the case where in equilibrium F' > F?(), so f = 0. Then
(20) and (21) allow us to write

A+ pu+p+(1—-5)0q(0)]c
Bq (0)

Substituting back in (47) and using (19), we finally obtain that

A1) = A+ p+p)+ Ay [F(0) - F. (49)

B

(1 +p) [N+ p+p+0g(0)] + Mv0q(0) =) -F<o,

which completes the proof of the result stated in (27).

2. Bargaining power and efficiency Deriving (26) with respect to 6 we
find that

g %{[nqw) ("= 1) = (M —dy— ) + iy 4 &

do do %dt}’ (50)

where 1 = ﬁd[eje(e)] is the elasticity of the matching function with respect

to the number of entrepreneurs. When (50) is evaluated in the steady state,
@ = d = 0, it has the same sign as g (8) (2* — 1) — ¢. To evaluate this sign,
consider first the case where in equilibrium F' < F4 (), so f = 1. Using (45)
evaluated at f = 1 together with (48), we find that the sign is the same as

that of

C

ﬁ(n—ﬁ)-

Consider next the case where F' > F4(0), so f = 0. Then, using (45)
evaluated at f = 0 together with equations (19)-(21), we obtain that

(k+p) A+ p+p+0q(0)]

{(u+p) A+ p+p+0q(0)] + Mg (0)} en
(4 p) BN+ p+p+0q(0)] + MyB0q(0)

ng (0) (=" 1) =

But this means that dd—%/ has the same sign as

c
]
which completes the proof of the result stated in (28).

{(+p) A+ p+p+0q(0)] + X 0q(0)} - (n—5),
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3. Value of informed capital and efficiency We show that the value of
informed capital V' is maximized at 3 = 7. Differentiating (18) with respect
to B we obtain that

av. (1-p)c df b

g pB dB - pp
If in equilibrium F < F?(6), (20) and (21) imply

g _ [A+p+p+0q(0)]0
s Bl =) A+pu+p) +(1-5)0q0)

SO
v c(A+ p+p) n—p

B (T=m)A+p+p)+(1—-P)bq(0) pB°°
which is positive (negative) for § smaller (greater) than n. On the other hand,
if in equilibrium F' > F? (), (20) and (21) imply

a0 _ [(utp) At ptp)+04(0) Xy +p+p)0
g Bl(p+p)A+p+p) (L=n)+ N +p+p)(1—5)0q(0)

SO

v _ c(p+p) A+ pu+p) n-p
g (p+p)A+p+p)T=n)+ N +p+p)(1-0)0q0) ps°°

which is also positive (negative) for § smaller (greater) than 7. Hence V
attains a maximum when 3 = n.
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