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Introduction

> Research needs "anidea" + financing to carry it out

» Some researchers obtain financing directly from banks @sectelatives and
friends)

> Others collaborate with Venture Capitalists

» Venture Capital: $34 billion in 2007 (Forbes, Jan., 200&)qf 86 public
offerings and 304 acquisitions

» Top financiers include, Kleiner Perkins Caufield & Byers, &®¢g Capital,
Sherpalo, Stanford University, Sun Microsystems, etc.
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Introduction

» This paper: the relationship between different types ofrfess-startup
Financing and Growth.

» Entrepreneurs with ideas must finance physical-capita&lsimaents by either

(i) borrowing funds directly from a financial institution égime 1), or
(ii) collaborating with a venture capitalist (Regime C)

» Successful innovation brings long-term profits

Regime C: Shared between the entrepreneur and the venhitaliss
Contracting problems arise

Regime I: All retained by the entrepreneur, but faces firenci
risks/imperfections — higher cost of financing physicalitdp
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Two innovation regimes:

Regime I: Independent financing

» Paying a higher cost of financing to avoid financial risks

Regime C: research collaboration

» Entrepreneurs: invest labour
» Venture Capitalists: finance investments of physical ehpit
» Nash bargaining determines shares over expected valugocrea

Issues:how financial market imperfections, the contract environtifeegal system),
and research risk affect the incentives for R&D investmant] long-run growth

» Variety expansion model of innovation-based endogenoostr
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Empirical support

» Reduced financial-market imperfectioas> higher innovation rate

King and Levine (QJE, 1993; JME, 1993): positive correlati@tween
financial development and rates of innovation & capital anglation.

» Improvements in legal environmesat- higher innovation rate

Samila and Sorenson (2009): venture capital has a gregpaciron innovation
and startups in regions where non-competition covenaptsaistrictly
enforced.

» \enture capital

Kortum and Lerner (Rand, 2000), Samila and Sorenson (REZE40): venture
capital is associated with higher rates of patenting.

Zucker et al. (AER, 1998): venture capital may have a negatfect on
startups after controlling for the ability of scientists.
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Households
» Household’s intertemporal utility function:

= /Owe*mm </Onx(i)9di> ¥ dt

> Euler equation for expendituré% =r(t)—p.
Set expenditure as the model numeraire, p.

» Instantaneous demand for a given produe{i) = p(i)*"P\Uf1
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Manufacturing

A massn of symmetric firms compete according to monopolistic coritipet
All firms face a constant probability of failure,c [0,1]

» Unit cost of production:

Cx = \NEWJK a
» Operating profit:
= (lo—WEWl“’)X—i )
K on
» Factor demands:
Lx = 0w X, Kx=(1—a)wX (7)

whereX = nxandw = w_/wk .
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Innovation
The innovation sector is perfectly competitive.

» A research project develops a single product design acupidi
1=bnlPKlA, (8)

whereb > 0 andn is a proxy for the current stock of knowledge capital.

» The value of a successful new design is

v(t) = /to° e (T-9(P+8) (7). 9)

» The expected value of new research projegivswherey € [0,1] is the
probability that a new design can be brought to market.
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Innovation

Two different innovation regimes

» Regimel: Independent research projects — full ownership over ecealue
but a higher cost of financing physical-capital investment

» RegimeC: Research collaborations with venture capitalists — lovesst of
financing physical-capital investment but only a partiarehof ownership over
created value
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Financial market imperfections

Financial market imperfections arise from monitoring sdaturred by lenders
attempting to prevent debt evasion. Galor and Zeira (RE3)19

>

Lenders (banks) obtain funds at the risk-free gand monitor loans with
effort z, yielding a lending ratg satisfyingywx k = pwgxk+z

For an investment of physical capitalwk in innovation, financial institutions
set a monitoring effort that satisfiés+ y)wgk = pz

Thus, borrowers will not default (by paying a costiof as above), wherg > 1
describes the strictness of regulation over debt default.

Lending rate then becomes:

_14pp
(M) = L1

>p, (10)

wherey' (1) < 0, andy(u) > p.
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Independent research projects

» Independent research projects maximize profit:

rlnla(‘lx l,Uvbnt,Bk,l_B —hw — (1+y)kwg (11)
I

» First order conditions:

wili =By, (1+y)wkk = (1-B)pv

» Free-entry condition:
(L+ )" o
gn .

This condition binds if there are active independent reseprojectsn™ 0.

v < (12)
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Research contracts

Research teams collaborate with venture capitalists:

» Research team invests labour
» Venture capitalist invests physical capital

Ex post Nash bargaining — mg@ = [5yv— o VY2 [(1— &) v — ok V] */?
oLv andogV are outside options

oL,0k € [0,y]: inverse of market thickness. A higher implies lower competition
among researchers, yielding higher outside options fanthe

Alternatively, the legal regime, proximity to top-notchiversities,
and other elements such as the social status accorded t@tors

» Contract environment:

Y+o0oL — 0ok

d(oL,0k) = 20

(14)
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» Theventure capitalistnaximizes residual profit:

(1—&)YvbnBis P — (1+ p)wicke,

and its optimal capital investment is

(1+p)wike = (1-93)(1-B)yv. (15)

» Theresearch tearimvests labour to maximize residual profit:

5ll,lvbn€k(1;ﬁ —wilc,

and its optimal labour investment is

W lc =oByv. (16)
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» Free-entry condition:

_ Latp) P’

o , an

Ve
where
_r
SP(1-8)1-B
measures the inefficiencies generated in capital and lakesiment by the
holdup problem associated with bargaining.

(=
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Closing the model
Free-entry conditions —

» The value of a new product design equals the cost of prodweiaament,
regardless of the innovation regime.

» No-arbitrage conditions:

p+s:€+%: i=1,C (19)

» Factor market clearing conditions:
L=Lx+Li, K=Kx+Kj, i=I,C (20)

for either innovation regime.
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Regime |
» Define the relative factor price as= wy_ /wk

» Constant factor allocation requires= 0.

> Innovation rate and relative factor price combinationg thear the factor

markets:
W Py+y)PlL—a(o-1)(p+e)
&= a(oc—-1)+p (24)
_ w_BlaU(1+ V)B_:LK— A1-a)(o-1)(p+e)
%= Aa) (o 1) (- B)L+y) L (25)
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Regime |

()

Figure 1: Long-run equilibrium
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Changes in financial regulations

Proposition I(Financial regulations and growth): An increase jinraises the
innovation rate g through a decrease in the leading rate

An improvement in financial regulations:

Hl=vl=v]=0a1

» King and Levine (QJE, 1993; JME, 1993) find a positive cotietabetween
financial development and rates of innovation and capitalmclation.
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» Define the relative factor price as= w /wk

» Constant factor allocation requirés= 0.

» Innovation rate and relative factor price combinationg thear the factor
markets:
WP+ p)F7 L —a(o-1
o — (1+p)F ¢ ( )97 29)
a(c—-1)+p
CwPA+p)P K)o -1)p
(I-a)(o-1)+(1-B)1+p)?

(30)
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Changes in the contract environment

The contract environment is describedd®o, , o) = "”27@’0‘(

Proposition 2(Outside option and growth): The relationship betwegrand g
has an inverted-U shape with a maximunpat d.

An increase in the outside option of the research tegm
if 6<B,then{ | = vc|=0c1

o 1= o=
if d>p,then 1= vc 1 =0c |

» Samila and Sorenson (2009) find that venture capital hasagagrienpact on
innovation and startups in regions where non-competitmvenants areot
strictly enforced.
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Changes in the contract environment
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Figure 2: Improvements in the Contract Environment
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Optimal innovation regimes

» Which innovation regime is optimal for entrepreneurs?

Entrepreneurs prefer the regime with the greatest retumud¥ Tobin’s g to
compare returns:

T
j=——+—, i=1,C. 31
Y lorerou (1)
Entrepreneurs are indifferent between innovation regifoeg, = qc:
1
Ho=— "1 (32)
1-¢ ©¢

Convex inu, d space with a minimum g = d.

> For u > g entrepreneurs prefer Regime |
> Forp < pg entrepreneurs prefer Regime C
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Optimal innovation regimes

» Which innovation regime is optimal for government?

Government prefers the regime with the higher growth @ter gc, but is
indifferent forg; = gc:

Hg = ﬁ (33)
1- %7 1

Convex inu, & space with a minimum g = 9.

> For u > pg government prefers Regime |
» For u < pg government prefers Regime C
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Optimal innovation regimes
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Ranking Growth Rates

The Hq locus can be used to rank growth rates at different lenditegra

Proposition 3(Growth comparison):
(i) Regime | has the higher growth rate far> Hgi
(ii) Regime C has the higher growth rate fpr< p.

» Kortum and Lerner (Rand, 2000) and Samila and Sorenson J2@h@lude
that venture capital is associated with higher rates ofryiag.

» Zucker et al. (AER, 1998) find that venture capital may havegative effect
on startups after controlling for the ability of scientists
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Alignment of R&D Incentives

Between theuy and i curves, although Regime | provides a greater long-run rate o
innovation, Regime C has the higher Tobin’s q.

Proposition 4Regime conflicts):

(i) Entrepreneurs choose the regime with the lower growtk far iy < p < Hg;
(ii) For other values ofu, they choose the regime with the higher growth rate.
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Research Risks

The probability of research success is denoteg/by

Proposition 5(Research risk and growth): An increase in the research risk
(1— ) lowers both g and ¢.
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Research Risks

Lemma 4 (Research risk, optimal growth, and research incentives):
The effects of an increase in research rigk- /) on Hq and Hg depend on the sign

of (B—90)(ok —oL).

The direct effects of a change in research risk are the sanfmfb regimes,
and shifts inuy andpg depend on the sign of the indirect effect through

if (B—9)(ok —oL) >0, thenu, T andpy 1

yl=9.
if (B—90)(ok —oL) <O, thenuy | andpg |
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Research Risks

Proposition 6(Regime conflicts and the research risk): An increasg in
expands the range of financial regulations and contractrermnents for which
investors choose the suboptimal regime.

A change in research risk always shifts m?locus by more than thpg locus:

| _| o

ay day > 0.

» The optimal regime is more likely to be chosen as R&D becorisiser.
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Changes in research risk

4(oL,0k)

Figure: Effects of an increase i
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Further work in progress:

— Stock-market risks
— Mixed innovation regimes where both types of researchisbex

Comments welcome!

Thank you!
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