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Venture-ba
ked IPOs- grandstanding and 
lusteringsKevin Berg Grell∗Abstra
tThe previous theoreti
al literature on IPOs has been 
arried out underthe assumption of a free supply of new issues, emphasizing how the valua-tion and magnitude of new issues 
an be explained by me
hanisms on thedemand side. This model explains grandstanding and IPO 
lusterings basedon supply side dynami
s and adverse sele
tion between venture 
apitalistsand their investors. We derive the optimal divestment pattern of venture
apitalists in the pro
ess of gaining reputation. From this we show howgrandstanding and IPO 
lusterings are linked to �nan
ial 
onstraints, andhow 
ompetition for funding strengthens this results. Finally, we argue thatthe so
ial loss in this 
ontext has three mayor 
omponents. Besides under-and overinvestment in new funds, some 
ompanies are divested too soon, inorder for venture 
apitalists to signal good ability of proje
t sele
tion.Some illustrations are in 
olors. Please use 
olor printer
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1 Introdu
tionWe develop a model to show that adverse sele
tion in limited partnerships 
an a
-
ount for two of the most predominant features of venture 
apital: the 
lusteringsof initial publi
 o�erings (IPOs) and the grandstanding of new venture 
apitalists.We extend the existing framework and understanding of primary market me
ha-nisms in order to analyze the supply of new issues. A dominating assumption inthe existing literature is that new issues are in free supply. This implies that anyphenomenon (su
h as 
lustering) is explained by 
hanges on the demand side only,the most important of these being informational spillovers. To this end, the liter-ature has only one side of the e
onomi
s of IPOs, namely the me
hanisms on thedemand side. The timing of IPOs, their magnitude and relation to the dynami
sof venture 
apital funds, from whi
h a large part of new issues stem, are yet to be
overed. Our model o�ers a �rst analysis of the relationship between the timingof IPOs and venture 
apitalists' (VCs') attempts to gain reputation and signalability (quality) to 
reate highly valuable new enterprises.We in
orporate one of the most profound features of the VC's de
ision problemin the 
ourse of an IPO: in order to stay a
tive in the industry, she must at all timestake into a

ount her �nan
ial 
onstraint in the funding of new ventures.1 The VCrelies on an a

ess to funds that are provided by a group of investors, who 
annotmonitor her a
tions. This means that the a

ess to funds on a large s
ale will bedetermined by some evaluation of her past performan
e. An obvious evaluation isbased on the previous returns generated from her existing portfolio, whi
h meansthat by divesting, she is exposed to two types of risk: i) the risk of a divested
ompany failing, whi
h relates to the �nan
ial market's valuation of the new issue,and ii) the risk of not getting funded (hen
eforth denoted the 
onstraining risk).Assuming that the investors only observes past returns, the VC is fa
ed with thefollowing problem. If she knows that no funding 
an be obtained based upon theinvestor's prior beliefs, she must divest o� existing ventures. Without adversesele
tion, the timing of this divestment would be given based on IPO fore
asts,earning potentials, et
.; i.e. based on spe
i�
 information about ea
h venture.Adding a 
onstraining risk to the VC's problem means that existing ventures aredivested prematurely, yielding a depre
iation in value relative to ea
h venture's true1We refer to the VC as she, and to the investor as he.3



potential. This renders her with an optimal stopping problem in whi
h expe
tedgains from obtaining new funding trade o� expe
ted losses due to depre
iatedventures. This tradeo� is analyzed in its most simple form with risk neutral agents,no time-dis
ounting, �xed equity 
ontra
ting, and Bernoulli distributed returns onnew investments. However, these assumptions are not 
riti
al, and our presentationis followed up by a thorough dis
ussion of some interesting extensions of our basi
setting. In our model, we 
an separate the in�uen
es of investors' anti
ipationof VCs, and the quality of potential ventures (new investments). We 
an predi
thow these are related to VCs' de
ision problems and how the overall divestmentpatterns 
orrespond to 
hanges in these fa
tors (resp. externally and internally).External fa
tors in
lude the distribution of good and bad VCs and their su

essprobabilities. As expe
ted, we �nd a monotoni
ally positive relationship betweenthe fra
tion of good VCs and the overall funding probability. The same holdstrue for in
rements in the su

ess probability of good VCs. For bad VCs thisrelationship is non-monotoni
 sin
e the risk of reje
ting a good VC outweighs therisk of funding a bad one, as explained below. Our result is driven by the VC'sneed to signal personal quality to the investor. The analysis is 
arried out in thepresen
e of adverse sele
tion, but 
ould be extended to 
onsider moral hazard issuesby extending the 
ontra
tual setup. We are able to elaborate on the ine�
ien
iesin the venture industry and split up the aggregated so
ial loss into three 
ategories:i) the generi
 signaling 
ost held by VCs (whi
h to some extent 
ould have ma
roe�e
ts as explained below), ii) the risk of reje
ting highly quali�ed VCs, and iii)the risk of funding under-quali�ed VCs. Ea
h type of so
ial ine�
ien
y is relatedto the external and internal fa
tors. Finally, we show how IPO 
lusterings andthe grandstanding behavior of young VCs 
an be explained in the 
ontext of ourmodel.Literature reviewOur paper extends our understanding of venture-ba
ked IPOs and explains 
om-monly observed divestment patterns for VC-�rms. Empiri
al studies of IPOs haveshown two prevailing phenomenons: underpri
ing and 
lustering of new issues.Underpri
ing has been do
umented and analyzed in several studies, e.g. Logue(1973), Ibbotson (1975), Ibbotson and Ja�e (1975), and more re
ently in for in-4



stan
e Brau and Faw
ett (2006), Aru�gaslan et al. (2004), and Smart and Zutter(2003). The explanations range from i) Asymmetri
 information theories su
h asRo
k (1986) and Beatty and Ritter (1986), where uninformed investors su�er awinner's 
urse when pur
hasing unattra
tive issues, over ii) Institutional theories,whi
h use litigation, pri
e stabilizing (on
e the issue is o�ered), and taxes, as themain explanation, whi
h dates ba
k to the work of Logue and Ibbotson, and iii)Control theories, whi
h argue that underpri
ing 
an be understood as the VC'sattempt to avoid outside 
ontrol, hen
e losing private bene�ts from non-pro�tmaximizing a
tions, like Brennan and Franks (1997), to iv) Behavioral theoriessuggesting that irrational investors, or behavioral biases 
an a

ount for the un-derpri
ing.In the analysis of IPO 
lusterings, the asymmetri
 information approa
h is
ommonly used. The idea is that on
e a 
ompany goes publi
, the market re
eivesnew information relevant not only for pri
ing the 
ompany itself, but for similarnew issues as well; for instan
e, information about earning potentials and 
ostsin the industry. With this updating posterior to an IPO, the prospe
ts of goingpubli
 for the next 
ompany might have 
hanged to its advantage; see Benningaet al. (2005). This is referred to as the informational spillover in the primarymarket, and to this end spillover e�e
ts have been the 
ommon explanation forIPO 
lusterings. Sin
e a large part of these new publi
 
ompanies have been ba
kedby venture 
apital until the IPO, and sin
e in many 
ases the IPO de
ision will bemade (or strongly in�uen
ed) by a VC�as in S
hmidt (2003)�the IPO de
isionwill not only be determined by internal 
onditions in the 
ompany being o�ered,but also by 
onditions solely related to the VC, su
h as future funding prospe
ts.The attention to the institutional 
ontext of the agents in the IPO pro
ess is sharedin the empiri
al analysis of Alavi et al. (2008), who �nd a signi�
ant in�uen
e ofpre-IPO ownership in the 
ourse of a publi
 o�ering. Further, Lin et al. (2007)show that institutional 
ontext has an important e�e
t in the primary marketas well. The VC's parti
ipation in her portfolio 
ompanies involves advising andmonitoring, and in many 
ases she is represented on the board of dire
tors andamong the CEO's asso
iates as well. The optimality of this engagement has beenanalyzed by Casamatta (2003). To keep the fo
us on supply side dynami
s, weassume that the magnitude of new ventures does not in�uen
e the initial pri
e ofea
h share, and spillover e�e
ts are omitted as well. Although these features 
ould5



be added to the setting, we have 
hosen not to, in order to keep the model assimple as possible. Our approa
h di�ers from the existing literature in its fo
uson the supply of new issues, and we take into a

ount that new issues are notalways o�ered by entrepreneurs in sear
h of equity funding, but by VCs divestingtheir portfolios. Sin
e VCs (per se) are repeated players in a bargain for fundingof new ventures, their in
entives must be taken into a

ount when analyzing IPO
lusterings.Our model supplements the existing literature on the role of VCs in the IPOpro
ess. The key observation is that VCs are repeated players in the industry,thus relying on a reputation for not exploiting informational advantages over theprimary market. Booth and Smith (1986) expand the idea of reputational signal-ing to explain how underwriters 
ertify proje
t value in the 
apital raising pro
essand their result is referred to as the 
erti�
ation hypothesis.2 Meggison and Weiss(1991) explain a relatively low underpri
ing of venture-ba
ked IPOs by the 
erti-fying role of VCs. Sin
e the VC knows that exploiting an informational advantagetoday would de
rease any future returns from IPOs, and sin
e the primary marketanti
ipates this, a separating equilibrium is rea
hed and the new shares are o�eredat their intrinsi
 value. A related bran
h of models emphasizes the monitoringrole of VCs (Barry et al., 1990) and their ability to attra
t large institutional in-vestors to the primary market (Chemmanur and Loutskina, 2006). All of thesefeatures that derive from reputational signaling have an impa
t on the IPO pro-
ess. In early empiri
al studies, su
h as Barry et al. (1990) and Meggison andWeiss (1991), reputational signaling (either in form of 
erti�
ation or monitoring)was highlighted as the explanation for venture-ba
ked IPOs being o�ered 
loser totheir intrinsi
 value (less underpri
ing), simply be
ause the primary market knowsthat the VC would never jeopardize her reputation; however, later studies su
h asLee and Wahal (2004) and Loughran and Ritter (2003) show that venture-ba
kedIPOs in general are not less underpri
ed than other IPOs. So not only do we havea disagreement regarding the nature of reputational signaling, but its importan
efor the pri
ing in the primary market seems to present some time in
onsisten
iesas well. To this end we have not rea
hed a satisfa
tory unifying model for thein�uen
e of VCs in the IPO pro
ess. To keep the analysis simple, models su
h asBooth and Smith (1986) assume that the 
erti�
ation is perfe
t in the sense that2Originally formulated in Klein and Le�er (1981).6



the underwriter is never misunderstood (there is no exogenous risk). In the IPOpro
ess this means that the VC must have all information relevant for the pri
ingof the new issue; i.e. she foresees the primary market's response. This is of 
oursenot the 
ase in reality, and a formal model of reputational signaling in venture
apital should address this in
ompleteness. Another important aspe
t that hasre
eived no theoreti
al investigation is how reputation is gained and how the pro-
ess of doing so in�uen
es venture 
apitalists' de
ision making. As re
ognized byGompers (1996), young VCs a
t relatively aggressively in order to gain territory inthe industry and to signal their qualities to the �nan
ial markets; grandstandinghas subsequently been do
umented in several studies. The present model o�ersan explanation of this behavior based on the fa
t that in an environment where
erti�
ation (or a similar reputational signaling) is not possible and the IPO pro-
ess is risky, VCs signal their qualities through spe
i�
 IPO paths. The resultslink to both the grandstanding phenomenon and to the 
lustering of new issues.We 
onsider two 
ases: i) a monopoly (1 VC) where 
lusterings are analyzed atthe fund level, and ii) a duopoly (2 VCs) that illustrates how 
ompetition forfunding indu
es 
lustering at the industry level. Linking a VC's la
k of reputationto a more aggressive divestment strategy helps us understand the grandstandingbehavior of young VCs in greater detail.The paper is organized as follows. Se
tion 2 sets up the basi
 model. Se
tion3 
onsiders several extensions and Se
tion 4 
on
ludes. All proofs are presented inthe appendix.2 The ModelThis se
tion sets up the basi
 model and the information stru
ture as well asintrodu
es the agents and their de
ision problems. The notion of 
onstraining riskis presented, along with its link to the evaluation of past performan
e. We showthat the VC has an optimal stopping problem in the 
ourse of divestments, and
ombine this with the investor's de
ision problem and analyze properties of theequilibrium. The se
tion is divided into three parts: Firstly, the basi
 model isestablished, and some of its features are analyzed (2.1-2.3). Se
ondly, we introdu
ethe divestment density and relate the amount of divested ventures to the so
ialoptimum to illustrate how 
lustered issues link to the e�
ien
y of private equity7



(2.4-2.5). Finally, the model is extended to analyze the impa
t of 
ompetition andto give expli
it predi
tions about the grandstanding phenomenon as well as a newintuition for how IPO 
lusterings 
an be explained by funding limitations (2.6).32.1 SetupWe 
onsider a model with two agents, a VC and an investor. Both are risk neu-tral, and there is no dis
ounting. Initially, the VC holds a portfolio of N ventures,
{vi}Ni=1, and an investment opportunity that requires an outlay, K. She is assumedto be unendowed, and whether K will be provided is determined by the investor,based on the information about the realized returns of prior divestments; i.e. Kis provided if her private-pla
ement memorandum provides a strong signal of herqualities.4 There are two types of VCs, q ∈ {qB, qG} (Bad and Good), and the in-vestor's prior beliefs are P(q = qG

)

= γ. We will throughout make the assumptionthat any return is split between the VC and the investor via an equity 
ontra
t,represented by the sharing rule (α, 1−α), where α ∈]0; 1[ is kept by the VC.5 Thisrule applies both when existing and potential investors are 
ompensated, and it
annot be renegotiated. This assumption is a bit restri
tive, but has some em-piri
al support given that on a large s
ale venture 
apital funds are stru
tured aslimited partnerships, where the VC's (the general partner) 
ompensation is deter-mined based on the investors' (the limited partners) evaluation of the VC's earlierperforman
e. For a given level of reputation it therefore seems reasonable that the
ompensation s
heme is stable over time.6 Whenever a venture is taken publi
,the issuing is performed by an independent third party, the underwriter, and whenwe subsequently use the notion 
lustering, we refer to the underwriter's supply of3See Gompers (1996) and Gompers and Lerner (1999).4This assumption 
ould be eased in order to analyze how mu
h endowed VCs advan
e in the
ompetition for funding due to their ability to signal proje
t quality.5In pra
ti
e, VCs are typi
ally payed o� via 
arried interests and �xed management fees, i.e.they get a �xed fra
tion of the fund's pro�ts and a pre-spe
i�ed wage in the life span of the fund.Assuming for su
h a 
ontra
t instead of the equity 
ontra
t used in this paper is analogous tointerpreting the returns as the individual 
ontributions to the fund's pro�t, and thus the resultsof this paper still apply in su
h a setting. The notation and 
hoi
e of 
ontra
t is designed tomake the model as simple as possible.6Further, the assumption is not 
ru
ial for our 
omputations, but the results are moretra
table. 8



Venture 
apitalistEntrepreneurs/new ventures Existing investors Finan
ial marketNew investorsFigure 1: The �ow of 
apital and information. Entrepreneurs provide VCs with potentialnew ventures. The a

umulated 
apital outlay that new funders are willing to provide(�lled arrow) is dependent on the performan
e of the VC. The performan
e evaluationis based on information from prior realized returns to existing funders; these returns 
anbe estimated from data from the primary market (dashed arrow).ventures to be issued. In our monopoly setting this means that 
lustering stemsfrom the desire to divest a large amount of ventures at a time, and in the monopoly
ase (1 VC) we are therefore analyzing 
lustering at the fund level. In our 2-periodmodel, the VC moves �rst by de
iding how many of her existing ventures are tobe divested. The ventures are su

essively divested, su
h that when she de
ideswhether to divest venture vn, the returns from earlier divestments, {Ri}
n−1
i=1 , arepubli
ly known. We assume that the funding de
ision is based solely on the infor-mation from past divestments, and that the VC knows the funding 
riteria. Thismeans that, in equilibrium, the VC knows whether funding will be provided pos-terior to ea
h divestment. In other words, if n ventures have been divested, sheknows whether funding will be provided if she stops at this point.Figure 1 shows how information from the �nan
ial markets (imperfe
tly) signalsthe VC's type. In pra
ti
e this information is 
olle
ted in her investment re
ord,but the notion ��nan
ial markets� is used to highlight that the adverse sele
tionproblem arises be
ause any divestment is risky and that the venture 
apitalists isindu
ed to divest prematurely without knowing how the primary market evaluatesea
h venture.7 For notational 
onvenien
e, we let mn be the number of su

essfuldivestments after n divestments. Divesting early implies a depre
iation of realizedreturns. We assume that returns from existing ventures are identi
ally, indepen-7Ljungqvist et al. (2007) and Gompers et al. (2008) analyze how this exogenous �evaluation�risk a�e
ts investment behavior of buyout funds and VC funds.9



Optional divestment Additional funding New investments For
ed divestmentFigure 2: Timeline. The VC divests n ventures, hereby signaling her quality to potentialfunders. Based on this information, the investor provides the 
apital outlay, x, whi
h isinvested in new ventures. Terminally, all ventures are divested.dently Bernoulli distributed, su
h that any venture divested terminally yields areturn of
R1

i =







R̄ with probability q

0 with probability 1− q
∀i ∈ {n+ 1, . . . , N}where q ∈ {qB, qG} is the VC's type.8 Any venture divested early yields

R0
i =







R̄−∆ with probability q

0 with probability 1− q
∀i ∈ {1, . . . , n}where ∆ > 0 is the depre
iation of ea
h venture, if divested early. For simpli
ity,we assume that the return on the new ventures is gathered in a single returnstatisti
, whi
h is independent of the return from any of the existing ventures notyet divested, and is similarly Bernoulli distributed:

Rnew(x) =







R̄new(x) with probability q

0 with probability 1− qwhere x ∈ {0, K}. We assume that the funding is 
ru
ial for the venture in thesense that R̄new(x) = R̄new > 0 if and only if x = K, and that new ventures yielda zero return if no funding is provided. The timing of these events is illustrated inFigure 2.2.2 StrategiesThe investor's problem The investor 
an 
hoose between a risk-free position(r = 0) and providing the 
apital outlay for the new ventures, and assuming8Inter
hangeably we refer to q as the VC and her type.10



(without loss of generality) that his initial endowment equals the needed outlay
K, his optimal allo
ation between the risk-free asset and new ventures is given as
(x−K, x) where

x =







K if K < E
[

(1− α)Rnew(K)
]

0 otherwiseThis result follows dire
tly from the distribution of Rnew(x). The VC takes thisstrategy into a

ount when determining her divestment strategy. We assume that
qB(1− α)R̄new < K < qG(1− α)R̄new (1)su
h that only a good type would be funded if the investor 
ould observe types.Sin
e qB would take this into a

ount and mimi
 qG as des
ribed below, nothing willbe revealed about the type of VC, and the investor's funding de
ision thus relies ona performan
e evaluation of the divestment path.9 We assume that the investor'sinformation is given by the triple (n,mn, N), whi
h means that he knows that nventures have been divested, mn turned out su

essful, andN−n ventures are kept.Based on this information he provides the funding if his 
onditional expe
tationof the out
ome (1 − α)Rnew is higher than the 
apital outlay. Assuming that theinvestor would never provide any funding based on his prior beliefs is equivalentto
(

(1− γ)qB + γqG
)

(1− α)R̄new < Kwhi
h will be assumed throughout. As already noted, qB and qG 
annot be sepa-rated. The investor takes this into a

ount su
h that for any given signal (n,mn, N)he weights the expe
ted return from ea
h type of VC with the 
onditional prob-ability given the signal. This is simply a Bayesian updating of his prior beliefs
P
(

q = qG
)

= γ and yields the following solution to the de
ision problem.9The underlying assumption that a good VC 
annot signal her true type 
an be justi�ed in twoways: as already noted the VC is unendowed, and hen
e 
annot 
ompensate the investor in 
aseof a failed IPO by o�ering a 
onvertible 
ontra
t that would give a bad VC a negative expe
tedutility. Even if she was endowed and 
ould o�er su
h a 
onvertible, the pooling equilibriummight be more attra
tive sin
e VCs' typi
ally have several ventures in their portfolio, and payingfor every 
ompany that fails would probably be too expensive 
ompared to the possible gains.Further, VC's limited liability would in most reasonable s
enarios rule out this possibility.11



Lemma 1 x = K if and only if mn ≥ an+ b where
a = log

[

1−qB
1−qG

]/

log
[

qG
qB

1−qB
1−qG

]

∧ b = log
[

1−γ

γ

K−qB(1−α)R̄new

qG(1−α)R̄new−K

]/

log
[

qG
qB

1−qB
1−qG

]Further, qB < a < qG and b > 0.The interse
tion b in
reases in K and α and de
reases in R̄new. This is obvioussin
e a high 
apital outlay or a high share kept by the VC makes the new ventureless valuable to the investor, who therefore would have to be relatively more 
ertainabout the VC's quality, thus attempting to de
rease the risk of a bad VC hittingthe stopping boundary. Similarly, a high prospe
t, R̄new, makes the new venturemore valuable, whi
h makes the investor less vulnerable to the risk of fundinga bad VC. Further, b is de
reasing in the fra
tion of good VCs, γ, whi
h stemsfrom the fa
t that the risk of refusing funding to a good VC in
reases with γ,and a de
rease in b 
ompensates for this. Finally, sin
e b > 0 is equivalent to the
ondition K > (1− α)R̄new((1− γ)qB + γqG) and hen
e per assumption satis�ed,the lemma 
aptures the fa
t that without any divestments, funding will never beprovided. The following example serves as our base 
ase throughout.Example Assume qB = 0.3 and qG = 0.7, su
h that a = 0.5.10 Further-more, γ = 0.1, K = 130, α = 0.01, and R̄new = 300. In this 
ase, only goodVCs hold positive NPV proje
ts sin
e the expe
ted return from a bad VC is
(1 − 0.01) · 0.3 · 300 = 89.1, and for a good VC it is (1 − 0.01) · 0.7 · 300 = 207.9,while the 
apital outlay is 130. Prior to the divestment de
ision, the investor anti
-ipates a 10% 
han
e of funding a good VC, and hen
e without any divestments thepresent value of his share is 0.9 ·89.1+0.1 ·207.9−130 = −29.02, and thus withoutany divestments, no funding will be provided. This result 
an be 
on�rmed fromLemma 1 by observing that mn = 0 < an + b = 0.5 ∗ 0 + 0.92.From Figures 3 and 4 we see that a is monotoni
ally in
reasing in qB for all
qG, and the 
urves shift upwards for in
reasing qG. b is in
reasing for low valuesof qB and de
reasing from some point, q̂B(qG). From Figure 4 it is 
lear that b isde
reasing in qG, and the point q̂B(qG) from whi
h b de
reases, shifts inwards. Theslope of the funding boundary, a, 
an be interpreted as the average fra
tion of su
-
essful divestments required in order to get funded. Still assuming that bad VCs10It is easy to see that a = 0.5 for any qB = 1− qG.12



qB

a

0.40.30.20.1
0.60.40.20.0

qB

b

0.40.30.20.1
1.51.00.50.0Figure 3: Level 
urves of a and b for qG = 0.6, 0.7, and 0.8.hold negative NPV proje
ts, a relatively high qB makes it harder to distinguishgood from bad VCs, and hen
e the average requirement in
reases. However, as qBin
reases, the expe
ted loss from funding a bad VC de
reases, and in the extreme
ase where the prior expe
ted returns from good VCs 
an outweigh the expe
tedloss from funding bad ones, the funding boundary initiates (in b) below zero, andhen
e no early divestments are needed to obtain funding. In Figure 3 this 
an beseen where b drops below zero. The hump-shape of b illustrates the o�setting ef-fe
t in the investor's de
ision problem. A severe funding poli
y (upward shift in b)de
reases the risk of funding a bad VC, but at the same time in
reases the risk ofreje
ting a good one. When qB is low, the investor 
an 
hoose a less severe poli
ywithout substantial risk of bad VCs ever hitting the funding boundary. When qBin
reases, this risk in
reases as well, and the optimal response is to make fundingless likely. Up until q̂B(qG), the boundary shifts upwards in order to mitigate therisk of funding bad proje
ts, but for qB > q̂B(qG) the expe
ted loss of bad fundingde
isions is insigni�
ant 
ompared to the risk of reje
ting a good VC, and thefunding bound shifts downwards. When qG in
reases, the interse
tion de
reases,sin
e the expe
ted returns to the investor are in
reasing, and the risk of reje
tinga good VC is sought minimized.The venture 
apitalist's problem The VC's optimal strategy takes into a
-
ount the tradeo� between the additional value of obtaining funding for new ven-tures and the dis
ount in existing ventures that she must a

ept in order to divest13
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3210Figure 4: Level 
urves of a and b for qB = 0.2, 0.3, and 0.4.prematurely. We will throughout assume that the tradeo� ratio R̄new/∆ is high,in the sense that she will not stop divesting due to low (stri
tly positive) fundingprobabilities. This assumption 
an be eased, still resulting in a pooling equilib-rium; however, in a more general model with a less restri
tive assumption on thetradeo� ratio, good and bad VCs might not follow the same divestment paths,hen
e 
hanging the investor's updating as des
ribed previously.11 Assuming asu�
iently high tradeo� ratio se
ures a pooling equilibrium and is similar to12

R̄new

/

∆ > ⌈aN + b⌉q
−⌈aN+b⌉
B (2)From the proof of Lemma 2 it follows that (2) se
ures a pooling equilibrium. Sin
ethe VC is fully informed about the investor's de
ision problem and its solution, shewill for any out
ome of the divestment pro
edure be able to determine whetherfunding will be provided. Sin
e early divestments su�er a depre
iation in returns
ompared to their true (mature) potential, we would expe
t that on
e she is 
ertainto obtain funding, she will stop (premature) divesting. The simpli
ity of this resultstems from our assumption about R̄new(x). A more general relation between raisedfunding and return potential renders her with a more 
omplex de
ision problem,whi
h will be explored in Se
tion 3. In this setting, it is evident that if a largenumber of divestments have failed, the 
han
es of ever getting funded will be very11We would still obtain analyti
al solutions to the problem, but in mu
h more 
ompli
atedforms.12The 
eil and �oor operators ⌈·⌉ and ⌊·⌋ are de�ned for any x ∈ R by ⌈x⌉ = min{z ∈ Z, z ≥ x}and ⌊x⌋ = max{z ∈ Z, z ≤ x}. 14
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Figure 5: Possible out
omes of the VC's premature divestments (left), and the optimalstopping boundaries given the investor's de
ision (right).low, and in extreme 
ases funding will never be granted. In these 
ases, there is noreason to divest, due to the depre
iation. Hen
eforth letting n∗ denote the optimalnumber of divestments, we have the following result.Lemma 2 If (2) is satis�ed, the VC's optimal strategy is to divest until either thefunding is se
ured or impossible. Formally, if n = min{n > 0 |mn ≥ an + b} and
n = min{n > 0 |mn < n−⌊(1−a)N − b⌋} then the optimal number of divestmentsis n∗ = min{n, n}.The de
ision problem is illustrated in Figure 5, whi
h is based on the exampleabove and on the following extension.Example Now, assume that the VC holds a portfolio of six ventures, that po-tentially depre
iate with ∆ = 0.5 if divested at t0. In this 
ase, the underlyingassumption for Lemma 2 is satis�ed sin
e

R̄new

/

∆ = 600 > 494 = ⌈aN + b⌉q
−⌈aN+b⌉
Band she will therefore divest until funding is either se
ured or impossible as thelemma suggests. 15
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Figure 6: Equilibrium divestment paths and their response to verti
al shifts in thefunding barrier.Figure 5 (i) shows the possible out
omes of the divestments; a node (n,mn) refersto a 
ase where n ventures have been divested, and mn turned out su

essful. Forinstan
e, at (2, 1), one of two divestments has been su

essful. Divesting an addi-tional venture means that we move to (3, 2) in 
ase it is su

essful (blue arrow),and to (3, 1) if it fails (red arrow). Figure 5 (ii) shows the VC's 
ontinuation re-gion. We see that all nodes, (2, 1), (3, 1), and (3, 2), are in the 
ontinuation region,and Lemma 2 tells us that the VC will keep on divesting until she rea
hes eitherthe lower bound, in whi
h 
ase she will not get funded, or the upper bound, wherefunding is se
ured. Combining the left- and right-hand sides we get a 
learer pi
-ture of her stopping problem, as well as of the possible out
omes of the sequentialdivestments (see Figure 6).2.3 EquilibriumThe funding and divestment strategies outlined above support a unique Bayesianequilibrium. As the VC moves �rst, she takes the investor's optimal response (fromLemma 1) into a

ount when divesting her portfolio. In this equilibrium, both goodand bad VCs 
an get funding, and both good and bad VCs 
an be reje
ted. Later,we will 
hara
terize the so
ial loss in this e
onomy, and as is 
lear by now, thenet e�e
t (under- or overinvestment) of adverse sele
tion in the venture industry
annot be determined. However, we will be able to split the aggregate loss into16



the three relevant ine�
ien
ies: i) loss of potential, due to premature divestment,ii) the risk of reje
ting good VCs (underinvestment), and iii) the risk of funding abad VC (overinvestment). These issues are analyzed in detail in Se
tion 2.7 below.Combining Lemmas 1 and 2, our main result follows.Theorem 2.1 Pooling EquilibriumIn the pooling equilibrium, the VC gets funding for new ventures if and only if nventures are divested and mn = ⌈an+ b⌉ are su

essful. In 
ase of mn < n−⌊(1−

a)N − b⌋ for some n ≤ N , n ventures are divested, and she obtains no funding. Inequilibrium, her payo�s are αmn∗(R̄−∆) at time t0, and α
(
∑N

i=n∗+1R
1
i +Rnew(x)

)at t1 where x ∈ {0, K}.The possible equilibrium out
omes in the example above are depi
ted in Figure 6(left). The 
olored nodes are end nodes. Blue represents s
enarios where fundingis obtained, and red nodes denote 
ases where the VC stops be
ause she knowsthat funding will never be provided. Consider the node (2, 1) again. Sin
e twodivestments, where only one turns out su

essful, do not se
ure funding, but donot rule it out in 
ase of a su

essful pro
eeding path either, this node is in the
ontinuation region. For instan
e two subsequent su

essful IPOs will guaranteethe funding�at the node (4, 3)�while two subsequent failed IPO makes fundingimpossible�at the node (4, 1). Note that it will never be optimal for her to keepon divesting on
e a 
olored node is rea
hed (and we have to take this into a

ountwhen 
al
ulating the prior probabilities of ea
h divestment path).As already noted, the slope of the funding barrier is independent by 
hanges in
K, α and R̄new, while the interse
tion, b, is in
reasing in K and α, and de
reasingin R̄new be
ause the venture be
omes less valuable to the investor if the fundingneed in
reases or the VC retains a bigger share for herself, and more valuable ifthe prospe
ts of su

essful ventures in
rease.13 Figure 6 illustrates how a morevaluable proje
t shifts the funding barrier downwards and 
hanges the equilibriumout
omes, su
h that the VC 
an stop divesting earlier. As illustrated in the ex-ample below, 
hanges in the proje
t spe
i�
 parameters result in verti
al shiftsin the funding barrier. The slope is only a�e
ted by 
hanges in qB and qG. Thisfeature stems from the fa
t that the investor is trying to solve two problems aton
e. A low funding barrier redu
es the risk of reje
ting a good VC, but at the13We will refer to these 
hara
teristi
s as the quality of the proje
t/new venture.17



same time in
reases the risk of funding a bad one. Sin
e qB < a < qG, we wouldexpe
t that the average fra
tion of su

essful divestments from good and bad VCswould tend to a level above and below a, respe
tively. Thus, a high b mitigatesthe risk of funding a bad VC, who has just been lu
ky enough in the early stagesto hit the barrier, sin
e the risk of her hitting the barrier later on de
reases in
n. However, if b is set too high, the risk of reje
ting good VCs in
reases. Sin
e
qG > a, a good VC with a large initial portfolio would eventually hit the barrier,but sin
e the portfolio size, N , is ex ante �xed, there is an upper bound on theoptimal b. From Figure 3 we see that b is hump-shaped. The intuition is thata low qB redu
es the 
han
e of the funding barrier ever being hit while for highvalues of qB the a
tual expe
ted loss of the funding is de
reasing. Figure 4 showsthat b is de
reasing in qG, and for very low values of qG > qB the expe
ted gainfrom funding a good VC vanishes; i.e., the right-hand side of (1) tends to K, andfunding be
omes impossible. But as long as (1) is satis�ed, b will be limited. Thefollowing example illustrates how verti
al shifts in the funding barrier 
hanges thedivestment pattern.14Example To see the link between proje
t quality and the divestment behav-ior, assume that the funding need de
reases to K = 110. All other parametersstay the same, so the un
onditional expe
ted return to the investor is still 100.98,and thus the VC would not get funded without divesting in her existing portfolio.However, sin
e the proje
t quality has in
reased, she 
an follow a more lenientdivestment strategy. b de
reases to 0.39 and a is un
hanged. The in�uen
e onthe equilibrium out
ome is illustrated by Figure 6. The lower bound is un
hangedsin
e n− ⌊(1− 0.5) · 6− 0.92⌋ = n− ⌊(1− 0.5) · 6− 0.39⌋.When the funding barrier is shifted downwards as in Figure 6 (right), the 
har-a
teristi
s of the node (2, 1) 
hange. Firstly, the prior probability of rea
hing itde
reases sin
e observing one su

essful IPO out of two attempts is only possibleif the �rst attempt fails. In this less restri
tive 
ase, if the node (1, 1) is rea
hed,funding will be provided and the VC immediately stops divesting. Se
ondly, hav-ing rea
hed (2, 1) in
reases the 
han
e that she will get her funding at some point,14Figure 6 illustrates how some nodes just above the funding barrier 
annot be rea
hed. Thiswill be the 
ase for any parameter 
hoi
e as shown in Result Impossible Nodes (See the appendix).18
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Figure 7: Prior probabilities of ea
h equilibrium out
ome: base 
ase (left), downwardshift in the funding barrier (right).relative to the base 
ase. The link between 
hanges in proje
t quality or other pa-rameters in the setting and the equilibrium out
omes is analyzed in greater detailbelow.2.4 Distribution of divestmentsIn addition to the possible out
omes, we 
an �nd their probabilities and be a bitmore elaborate on the aggregate pattern of divestments. Figure 7 shows the priorprobabilities of ea
h equilibrium out
ome in the base 
ase (left) and with the lowerfunding barrier (right). Blue pins indi
ate the stopping probability where fundingis provided, and red pins the 
ases where no funding is a
hieved. A bla
k pin addsthe probability of the two s
enarios for ea
h n∗ and shows the overall priors inthe 
ourse of a divestment round. The aim of this se
tion is to determine how
hanges in funding poli
ies will 
hange the divestment patterns. In the base 
ase,the funding probability is 21.3% (the probability of hitting a blue node) with anexpe
ted number of divestments of 3.7, while in the 
ase with the lower fundingbarrier the funding probability is 44.1% with 2.7 expe
ted divestments. The fa
tthat the number of divestments tends to de
rease when the quality of new venturesin
reases, or when the private equity market is relatively bullish (i.e. γ in
reases),
an have a 
y
li
al e�e
t on the industry. Fo
using on the impa
t of marketanti
ipations, γ, it is apparent that, when the investor's poli
y is less restri
tiveand VCs are getting funded based on a relatively small number of divestments, a19



larger fra
tion of bad VCs will get funded. Hen
e, the equilibrium out
ome of thedivestment game in one period yields a lowering in γ in the next period. Similarly,in a bearish environment (i.e. γ de
reases), new funders know that prior fundingpoli
ies have ex
luded a relatively large group of bad VCs from getting funded,and hen
e the fra
tion of good VCs, γ in
reases. We elaborate on this e�e
t inSe
tion 3 below.2.5 CompetitionThis se
tion eases the monopoly assumption of the basi
 model, and shows howfunding limitations in the private equity market en
ourage more aggressive di-vestment behavior. Assume that there are two VCs in the industry and denotethese A and B. They both hold investment opportunities, yielding a return of
Rnew(x) where x is provided by the investor as before. In the basi
 setting, theinvestment opportunity 
ould either be funded in full, or not at all. In this ex-tension ea
h proje
t 
an be funded halfway, and for simpli
ity it is assumed thatthe return is s
alable su
h that R̄new(

K
2
) = 1

2
R̄new(K). The funding limitationis su
h that the investor at the most 
an invest 3K

2
, whi
h means that the possi-ble out
omes are that i) neither A nor B gets funded, ii) either A or B gets Kand the opponent gets K

2
, or iii) either A or B gets K and the opponent gets 0.In this setting A ≻ B means that the investor prefers to fund A in total ratherthan B, and to ease notation we set f(n,mn) = Pn

(

mn ≥ an + b ∧ A ≻ B
), and

h(n,mn) = Pn

(

mn ≥ an+b); i.e. f is the joint probability of A hitting the fundingbarrier and winning the 
ompetition against B, and h is the probability of gettingfunded at all. This setting 
hanges ea
h VC's stopping problem, as des
ribed inthe following Lemma.15 We still refer to n∗ as the optimal amount of divestments,even though the setting has 
hanged.Lemma 3 VC A divests at least as mu
h as in the 
ase without 
ompetition, and
n∗ is optimal if and only if we in addition have that for all n ∈ {n∗ + 1, . . . , N}

R̄new

/

∆ <
2(n− n∗)

En∗

[

f(n,mn) + h(n,mn)
]

− 1
(3)15The proof is very similar to the one for Lemma 2, and is available on request.20



We 
an then think of the solution to this optimal stopping problem as the �rsttime the right-hand side in
reases su�
iently, and we note that, if we �x theRHS at some level, a de
rease in the expe
tation is set o� by an in
rease in n∗.This observation is key to the des
ription of 
lusterings and grandstanding, and isexplained in greater detail below.IPO 
lusterings From a statisti
al perspe
tive we would denote a period withrelatively high a
tivity as a 
lustering period, and we 
ould 
ompare the num-ber of divestments to the prior expe
tations, and then extra
t the probability ofobserving a higher-than-average out
ome. However, su
h an approa
h does notne
essarily des
ribe the reason why a large amount of ventures are divested. Tothis end, des
ribing a positive 
orrelation between divestment a
tivity a
ross VCsseems more appropriate. In the setting above we 
ould think of VC A re
eivinginformation about VC B that made it more likely that A herself would only get
K/2 in new funding, e.g. information about B having a su

essful divestmentround. This would 
eteris paribus de
rease the joint probability, f , hen
e de
reasethe expe
tation, and as noted above in
rease n∗. If information arrives in an alter-nating fashion, and A has had a su

essful divestment round, B would respond bydivesting in response, and this behavior repeats itself until ea
h VC has rea
hed asu�
iently high ben
hmark. The intuition from this is 
lear and shows that VCs'
ompetition for funds 
an help explain the 
lustering phenomenon from the supplyside of the primary market.Grandstanding Our model 
an explain the grandstanding phenomenon in asimilar fashion, but without the strategi
 intera
tions, and even without the se-quential updating of beliefs, as in the 
lustering 
ase. In pra
ti
e we observe thatyoung VCs a
t relatively more aggressively in the 
ourse of divesting their port-folios; see Gompers (1996). Sin
e VCs in our model per se are repeated players,their history has a great impa
t on investors' beliefs about them. Assuming thatthe funding poli
y punishes bad VCs on a relatively larger s
ale than good ones,we 
ould reasonably infer that the prior belief of pi
king a good VC, γ, is in-
reasing, the older the VC is. As already noted, if γ is low, the funding poli
yis more severe and results in a high funding barrier. This means 
eteris paribusthat both f and g de
rease, implying that the expe
tation in (3) de
reases, and as21



before n∗ in
reases. This shows that young VCs, in order to 
ompensate for theirshorter history, divest more aggressively, both in the basi
 model and espe
iallywhen 
ompeting for funds with a more experien
ed VC.162.6 Empiri
al predi
tionsQuantifying the reputation of individual VCs is at least as hard as quantifyingtheir quality. Like with any other rating the determinants of whi
h VCs have theeasier a

ess to funding are highly subje
tive, but in the literature and in pra
ti
ewell established proxies for VCs' reputation in
lude: past performan
e re
ords,size, and the extend of their network.17 At this point it is suggested that reputa-tion is measured by one of the following 
omponents (or several in 
ombination):years of experien
e, strength and size of investor network, life earnings and 
om-pensation s
heme. Experien
e itself is an indire
t measure in the sense that if aVC has managed to stay in the industry, she must have been able to su

essfullyraise 
apital before, and if her ability to support her portfolio 
ompanies is underaverage, this would be revealed over time. If the data is available, an investigationof how the VC's investor network has evolved over time might give an even 
learerpi
ture of her reputational 
apital�espe
ially when analyzing the need to gainreputation, as we do here. Her life earnings should give us a good pi
ture of howa

essible funding will be, and in 
ombination with her 
ompensation s
heme weshould be able to �nd a good statisti
 des
ribing her reputation.VC funding 
y
les We keep the oligopoly setting and ease the assumption of asingle funding round. The investor's prior beliefs about the fra
tion of good VCsis denoted by γt, where t ∈ {0, 1} is the time index. We have already tou
hedupon the 
y
li
al impli
ations of the performan
e evaluation in the basi
 model.Low market anti
ipations in the initial round result in restri
tive funding poli
iesvia upward shifts in the funding barrier. This poli
y punishes bad VCs harderthan good VCs. Thus the fra
tion of good VCs in
reases, and hen
e the marketanti
ipation in the su

eeding round and the funding poli
y in the next period16Although (3) would have to be adjusted to meet this extension entirely, the intuition seems
lear.17Metri
k (2007) o�ers a 
omprehensive rating of the most in�uential venture 
apital
ompanies�worldwide�and a dis
ussion of why they are so su

essful.22



will be less restri
tive; we would therefore expe
t alternating γ-movements. Theimpli
ations of our model is organized in distin
t hypotheses. The �rst one ismotivated by the analysis and the se
ond by the dis
ussion in this se
tion.Predi
tion 1 VCs divest in order to signal high quality and obtain funding fornew ventures. High funding levels are triggered by extraordinarily su

essful IPOpro
eeds�low funding levels are triggered by relatively many unsu

essful IPOs.The level of 
ompetition among VCs in
reases the amount of IPOs.Predi
tion 2 Funding poli
ies alternate in the sense that periods with severe lim-itations in VCs' a

ess to funding are followed by more aggressive divestment be-havior. On average, more high quality VCs will su

eed and obtain funding in these
ases. This 
auses the investors' beliefs about the fra
tion of good VCs to in
rease,resulting in a more lenient funding poli
y in the following round.Grandstanding Our model predi
ts more aggressive divestment behavior amongVCs without reputational 
apital, i.e. among young VCs. This resembles the �nd-ings of Gompers (1996).Predi
tion 3 Among young VCs the average amount of early divestments is high,and we will observe relatively few survivors. La
k of experien
e does not ne
essarily
reate an entry barrier, but la
k of reputation does.Grandstanding via early divestments means that both the VC, her investors, andthe entrepreneurs pro�t less from the portfolio 
ompanies. At the same timeif her la
k of reputation and the 
onsequential grandstanding is anti
ipated bypotential investors and entrepreneurs, she would be fa
ed with a dual entry barrierin the sense that entrepreneurial o�ers are not provided on as large s
ale as to the
ompetitors and raising funding is more 
ostly. This means that young VCs areleft with an all-or-nothing 
han
e before being able to a
t under the same termsas their 
ompetitors.Predi
tion 4 Young VCs are�at the industry level�repla
ed frequently, whilemore experien
ed VCs bene�t from their easier a

ess to both 
apital and enter-prises. A young VC would posterior to a su

essful divestment round raise a largerfund and posterior to an unsu

essful round be repla
ed.23



VC-ba
ked versus non-VC-ba
ked IPOs In our model, obtaining reputa-tional 
apital is the sole reason for (supply side) 
lusterings. The results apply toany 
ase where a private equity manager is in 
ontrol of the divestment de
ision.Sin
e the most 
ommon 
ase by far is related to venture 
apital, we have restri
tedour attention to VC-ba
ked IPOs. If we interpret non-VC-ba
ked IPO as any 
asewhere the issuer does not 
are about her reputation, any 
lustering would stemfrom informational spill-overs or similar demand side e�e
ts.Predi
tion 5 VCs' attempts to gain reputation 
an a

ount for supply side 
lus-terings. In the 
ourse of relatively many su

essful IPOs, existing non-VC-ba
kedIPOs may o

ur due to advantageous informational spill-overs.2.7 So
ial lossIn the absen
e of the adverse sele
tion problem outlined above, a VC would getfunded if and only if q = qG, and no ventures would be divested prematurely. Thatis our ben
hmark for analyzing the so
ial ine�
ien
y in the venture industry. Anyearly divestment yields a loss of potential, and in the setup this loss is realizedby existing investors and the VC. To keep matters as simple as possible, we haveassumed that the 
hange in the potential of ea
h venture is valued (in the primarymarket) as ∆. This dis
ount is the market's valuation of suboptimal divestmenttiming and 
ould for instan
e re�e
t a higher default risk sin
e the 
ompany nolonger gains from the presen
e of a VC. Not only be
ause some good VCs will losein their e�ort to get funded, but also be
ause they attempt to signal their truequality/(up-probability) do they deplete the potential of existing ventures. Asalready noted, we 
annot be spe
i�
 about the net e�e
t on aggregate investmentvolume. We will only point out that, in equilibrium, both good and bad VCs 
anbe funded, and both good and bad ones 
an be reje
ted. Reje
ting a good VCyields a loss to the investor sin
e good VCs per se hold positive NPV proje
ts,and the opposite holds true when bad VCs are funded. We will therefore analyzethe so
ial loss in terms of the following three ine�
ien
ies separately: i) ine�
ientdivestments, ii) the risk of reje
ting qG, and iii) the risk of funding qB.Ine�
ient divestments Early divested ventures yield a so
ial loss, and we 
antherefore use the density of divestments as a measure for this ine�
ien
y. Figure24



7 shows how the a

umulated probabilities shift inwards in a more lenient envi-ronment. Note that this distribution does not take into a

ount whether fundingis provided or not�only the prior distribution given the shape of the 
ontinuationregion. With a harsh funding poli
y, we expe
t a relatively large fra
tion of VCsnot to get any funding, i.e. they are likely to hit the lower bound of their 
ontinu-ation region. Simultaneously, getting funded requires a larger fra
tion of su

esses,and hen
e the 
han
e of hitting the upper bound early de
reases. Thus, we shouldexpe
t to see more ine�
ient divestments in more restri
tive environments, andvi
e versa.The risk of reje
ting a good venture 
apitalist VCs are highly spe
ializedand seek ventures that 
ould best bene�t from their advi
e and experien
e. In the
ontext of our model the ability to meet ea
h venture's needs is 
aptured by thesu

ess probabilities, {qB, qG}. We 
an interpret qB as the 
ase where the VC isnot able to support the venture su�
iently and hen
e should not be funded. Inpra
ti
e, the venture industry is 
hara
terized by a small number of well knownVCs and a large number of potential VCs. Although the basi
 model 
onsidersa monopoly where the VC does not have to take the divestment strategies of her
ompetitors into a

ount, we have shown in Lemma 3 that 
ompetition only givesin
entives to divest more. We 
ould think of the signaling problem being morepredominant to relatively young VCs. That is, on
e the investor has identi�ed aVC's ability to support her ventures, the prior beliefs, γ, are updated to a "zero orone" probability for ea
h identi�ed VC. In this 
ase we no longer get the poolingequilibrium from Theorem 2.1, but a 
ase where VCs who have been identi�edas good get funding, and outsiders are left with the signaling problem outlinedabove. In su
h a setting, where good VCs are identi�ed and hen
e are not for
edto signal through early divestments, we get 
loser to the e�
ient investment level.In the simple monopoly model, we 
annot expe
t to meet the e�
ient/�rstbest investment level and allo
ation. The risk of a good VC not getting funded is
γP

(

n∗ = n | q = qG
)whi
h is the probability that the VC is good and hits the lower bound beforehitting the funding barrier. The relation between γ and the risk of not fundinggood VCs is non-monotoni
. As the investor's prior beliefs in
rease, the funding25



barrier shifts downwards, and hen
e the probability of hitting the lower boundde
reases. At the same time, the 
han
e of pi
king a good VC in
reases, andhen
e the risk of not funding one in
reases as well. This means that if the priorbeliefs 
hange, the risk of good VCs not getting funded will in
rease if the impa
ton funding poli
y is su�
iently low, and the risk de
reases if the impa
t is low.The risk of funding a bad venture 
apitalist If a bad VC is funded, it onlya�e
ts the investor himself. So
iety bene�ts from new venture-ba
ked 
ompanies,sin
e these typi
ally o�er some te
hnologi
al advan
ements. The VC 
annot dobetter than to get funded, so the investor 
arries the risk of overinvestment. Of
ourse, the risk of misfunding is the sole reason for the adverse sele
tion problem.So, even though it only a�e
ts the investor, this risk 
hara
terizes a large part ofthe ine�
ien
y in the venture industry. The risk of misfunding is
(1− γ)P

(

n∗ = n | q = qB
)and, as before, 
hanges in the prior beliefs a�e
t this risk in two opposite dire
tions.High priors redu
e the risk of pi
king a bad VC in general, while su
h priors inturn would redu
e the funding barrier in order to de
rease the risk of reje
ting agood one and hen
e in
rease the 
han
e of a bad VC getting funded. This meansthat both risks have non-monotoni
 relations to the investor's priors.3 ExtensionsThis se
tion outlines 
onsiderations regarding some of the assumptions of themodel. We 
on
lude that in
luding time preferen
es and risk aversion would onlystrengthen our results, but at the expense of analyti
al tra
tability. Similarly, theassumption of a variable return potential makes the analysis more 
umbersome,but enables us to 
omment on the allo
ation of e�ort and 
apital among severalventures. Alternative 
ontra
ts are 
onsidered, along with perspe
tives of aggre-gate performan
e evaluation. Finally, we 
omment on the 
y
li
al e�e
ts of thedivestment behavior and the amount of good and bad VCs in the IPO pro
ess.This feature was tou
hed upon in Se
tion 2.4, and in this se
tion ideas for a formalmodel are presented. 26



Time preferen
e and risk aversion To keep matters as simple as possiblewe have assumed that the VC is risk neutral and has a zero time preferen
e.However, the 
on
lusions of the model are una�e
ted by the introdu
tion of amore reasonable utility. If the VC's utility was modeled by a time-separable VNMutility18
U (n,mn, N) = u

(

mnα(R̄−∆)
)

+ δE
[

u
(

α
[

N
∑

i=n+1

Ri +Rnew(x)
])]the underlying de
ision problem would not 
hange from the one already analyzed.The time preferen
e only makes future expe
ted returns less valuable, and hen
ethe tradeo� between depre
iation in existing ventures and the prospe
ts of fundingis less severe. Unless the time preferen
e is so high as to make the depre
iationfrom early divestments insigni�
ant relative to the dis
ounting, the VC would stilldivest until her funding is se
ured, as in Lemma 2.Regarding risk aversion, keep in mind that the VC has to divest her portfo-lio no matter what, i.e. the only risk relevant to her is the risk of not gettingfunded. However, in a more general setting, risk aversion 
ould help to explainwhy some VCs a
t more aggressively espe
ially in their divestment strategies. Amore wealthy VC would have a relatively lower marginal utility from additionalrisk taking, and hen
e it would be interesting to analyze the grandstanding phe-nomenon in the presen
e of risk averse VCs. Although making this extension onlyserves to make the �ndings from our 
omments on 
ompetitive behavior stronger,it would indeed be helpful to 
hara
terize the entran
e barrier in terms of boththe level of 
ompetition and individual 
hara
teristi
s, su
h as wealth and riskaversion.Variable return potential The returns from new ventures are 
aptured by asingle binomial stati
. This simpli�
ation makes the de
ision problems solvable bysimple bang-bang 
ontrols, and we 
an easily identify the equilibrium out
ome. Theassumption is, however, not very reasonable. In pra
ti
e, a VC or general partnerwould have a range of possible ventures to engage in, and ea
h with prospe
tsdetermined by the amount of raised 
apital. Taking this into a

ount meansidentifying an aggregated return stati
, deriving the investor's optimal response18The 1-period utility, u, is in
reasing and 
on
ave.27



(aggregated outlay), and in
luding this fun
tion in the VC's divestment problem.Hen
e, the me
hani
s of the model is un
hanged, while the analysis be
omes alot more 
umbersome. Introdu
ing variability in the aggregated return links toanother interesting problem: the allo
ation on e�ort and 
apital. In general, in-vestors do not have spe
i�
 
ontrol over the 
hoi
e of ventures and the allo
ationof e�ort and 
apital, so in relation to optimal 
ontra
ting the VC and the investorsare thus left with a moral hazard problem on the VC's side. Some ventures mightyield higher private bene�ts to the VC, although investing in these ventures is inef-�
ient. In
omplete information about her future dispositions and unobservabilityof her a
tions render the VC and her investors with a 
ontra
ting obsta
le, andthe question of to whi
h extent venture 
ontra
ts a

ount for these ine�
ien
iesremains open.Aggregate evaluation of past performan
e In this se
tion we assume anoligopoly of VCs. In our model, the adverse sele
tion problem stems from investors'
hoi
e of VC, and any exogenous un
ertainty is 
aptured by the return stati
 Rnew,and therefore the only information relevant to the investor's de
ision problem isthe type of VC. This simpli�
ation ignores a known feature of the venture industry,namely that VCs are highly spe
ialized within se
tors, e.g. IT, 
ommuni
ation,biote
h, et
. We 
an therefore think of an extended version of the investor'sde
ision problem, where initially a spe
i�
 se
tor is 
hosen, and se
ondly the VC. Inthis 
ase, the funding risk is in�uen
ed by the performan
e of all VCs in the se
tor,and ea
h VC's divestment behavior 
hanges a

ordingly. If ea
h VC observes therealized returns from her se
tor, the general �nan
ial 
onstraint on the se
tor
an be determined, and the optimal divestment strategy would be in�uen
ed asdes
ribed in the following outline. Bad se
tor performan
e implies a high general
onstraint, and ea
h VC is less in
lined to try and signal her true type. Thisbe
ause early divestments are 
ostly in terms of loss of potential as explainedabove. Without any formal modeling we 
an extend this idea to in
lude ourobservation about 
ompetitive behavior. If the se
tor performs badly, a good VCwould have a strong position 
ompeting for funds if these are provided. However,if the market performs too badly, even good VCs would stay passive due to thegeneral 
onstraint. On the other hand, if the se
tor performs 
omparatively well,the general 
onstraint be
omes insigni�
ant, and ea
h VC would only 
are about28



her own performan
e and the 
ompetition for funds. Good performan
e in these
tor in general means that a lot of VCs have been su

essful, and hen
e the
ompetition for funds is more severe. This means that good se
tor performan
ein
lines ea
h VC to divest more aggressively sin
e ea
h of them bene�ts fromthis, but the e�e
t is restri
ted by the 
ompetition for funds. With a limitedaggregated 
apital outlay and a good se
tor performan
e, it be
omes harder toobtain an individual share of the outlay that 
an outweigh the loss of potential ofexisting ventures. This means that new issues are o�ered as long as the loss ofpotential 
an be outweighed by the prospe
ts from new funding given a mediumaggregate performan
e of the se
tor and relatively high individual evaluation ofea
h VC. A formal model would have to in
lude ea
h VC's response to new IPOs,but that is beyond the s
ope of this paper.The above dis
ussion suggests that se
tor spe
i�
 IPO 
lusterings appear whenthe aggregate performan
e evaluation is at the median. Too su

essful environ-ments imply too hard 
ompetition for funds, while the opposite implies too highse
tor 
onstraint.19 We would therefore expe
t to see two types of 
lusterings.Some with relatively many su

essful divestments, high aggregated outlay, andsevere 
ompetition for funding, and some with a lot of unsu

essful divestments,followed by a low investment level in the private equity market, and relatively fewnew ventures being initiated. Although the s
ope of this model 
overs divestmentpatterns, this feature supports the well known observation that IPO 
lusterings onaverage yield the same return as non-
lustered issues.4 Con
lusionThis paper o�ers a new rationale for IPO 
lusterings and grandstanding of newVCs. The existing literature on IPOs is supplemented with an analysis of thesupply of new venture-ba
ked issues, and our model is kept independent of anydemand side dynami
s. Hen
e, we provide a self-
ontained explanation for thedivestment patterns of VCs solely determined by their ability to (partly) signal19This 
on
lusion stems from the assumption that the investor determines the aggregatedoutlay rationally and does not overrea
t to either su

essful or unsu

essful environments. Ifthis was not the 
ase, we would see a self-enfor
ing aggressive divestment pattern in su

essfulenvironments, and vi
e versa in unsu

essful ones.29



quality as VCs. The notion of 
onstraining risk is introdu
ed and refers to thefa
t that VCs' a

ess to new funding is determined by an evaluation of their pastperforman
e. We analyze this problem in a simple adverse sele
tion model withone investor and one VC. Ne
essary 
onditions for a pooling equilibrium are givenand we analyze this equilibrium in detail. The basi
 setting is extended in orderto analyze the in�uen
e of 
ompetition, and we �nd that IPO 
lusterings 
anbe explained by �nan
ial 
onstraints in the private equity market. Further, weprovide an explanation of the grandstanding phenomenon and 
on
lude that sin
ethe investor has lower prior beliefs about young VCs, these are fa
ing a morerestri
tive funding poli
y and will therefore a
t more aggressive both in order toget funding at all and with respe
t to being among the winning VCs. Several otherextensions are 
onsidered, and we outline a number of interesting dire
tions forfuture resear
h, espe
ially regarding 
olle
tive punishment/reward e�e
ts within agiven se
tor and an analysis of adverse sele
tion dynami
s in the venture industry.Our model predi
ts that a more restri
tive funding poli
y will in
rease theaverage number of divestments and de
rease the overall funding probability asexpe
ted. Similar e�e
ts are observed for 
hanges in the fra
tion of high qualityVCs. If investors expe
t a very low fra
tion of high quality VCs, a very restri
tivefunding poli
y is imposed to mitigate the risk of funding a bad VC. This of 
oursepunishes good VCs as well, but on average a period with restri
tive poli
ies wouldpunish bad VCs relatively harder and hen
e in
rease the fra
tion of good VCs in thenext period. We 
omment on this 
y
li
al e�e
t and outline some 
onsiderationsregarding its modeling. Further predi
tions based on the 
ompetitive extensionof the basi
 setting are that IPO 
lusterings are related to funding limitationsin the private equity market. We argue that in a setting where VCs take thesignaling e�orts of their opponents into a

ount, the overall divestment level willin
rease, and further if ea
h VC re
eives information about the likelihood of theopponents' su

ess, the divestment level in
reases even more. This behavior isyet to be investigated empiri
ally, and one of the most important questions tobe answered in this regard is how mu
h potential is lost due to these fundinglimitations. Whenever a venture is divested prematurely, a loss of potential isindu
ed, and this model outlines a number of possible reasons for this loss. Besidesthe 
lustering and grandstanding results, there is individual explanatory power inany stati
 that leads to a more restri
tive funding poli
y: lower quality of new30



ventures, low (expe
ted) fra
tion of high quality VCs, and a larger spread betweengood and bad VCs.We have introdu
ed a new analyti
al framework to the resear
h on IPOs. Ourmodel fo
uses on the supply side me
hanisms given that the divestment de
isionis in�uen
ed by a repeated player in the private equity market�suitably denotedthe VC. The analysis supplements the existing literature on IPOs with a modeldes
ribing divestment patterns independently of any demand side e�e
t. A nextstep in this resear
h is to in
orporate both sides in order to get a 
learer pi
ture ofthe me
hanisms and in
entives on both sides of the primary market. Further, toestablish the 
onne
tion to the existing literature on reputational venture 
apitalwe should 
onsider the 
ost of be
oming an insider. What 
arries the separatingequilibrium result in the reputational 
apital models outlined in the introdu
tionis the fa
t that the VC loses all future bene�ts of being an informed investor. Ifthe VC 
ould take on an observable and 
ostly a
tion that 
onvin
es the primarymarket that she knows the out
ome of the IPO (in a more general setting than inthe base model), we should be able to unify the results of the existing literaturewith the ones of this model. Su
h an extension would require that the VC wasendowed, and would in turn yield a minimum requirement for the endowment (anentry barrier). These matters are subje
ts for future resear
h in this �eld.
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ProofsLemma 1
x = K if and only if

En [Rnew(K)] ≥ K
1−αwhi
h�sin
e q ∈ {qB, qG}�is equivalent to

Pn (q = qB) qBR̄new + Pn (q = qG) qGR̄new ≥ K
1−αwhi
h by simple properties of probabilities is equivalent to

Pn (q = qG) ≥

K
(1−α)R̄new

− qB

qG − qB
, X ∈]0; 1[ (4)where X ∈]0; 1[ follows dire
tly from (1). The 
onditional probability Pn (q = qG)
an be evaluated by Bayes' rule;

Pn (q = qG) =
P ((n,mn, N)|q = qG)P (q = qG)

P ((n,mn, N))where
P ((n,mn, N)) = γP ((n,mn, N)|q = qG) + (1− γ)P ((n,mn, N)|q = qB)implies that (4) reads

P ((n,mn, N)|q = qG)

P ((n,mn, N)|q = qB)
≥

1− γ

γ

X

1−X
(5)Note that if η is the number of q's possible paths from (0, 0) to (n,mn) for q ∈

{qB, qG}, the probability of hitting node (n,mn) is
P ((n,mn, N)) = ηqmn(1− q)n−mnSin
e qB never di�ers from qG's optimality 
ondition, we must have ηB = ηG and(5) reads
(

qG
qB

1−qB
1−qG

)mn

≥ 1−γ

γ
X

1−X

(

1−qB
1−qG

)nand by rearranging and substituting X ba
k into the expression, the result follows.
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Lemma 2Sin
e q is risk neutral her expe
ted utility after n divestments is
gn =

n
∑

i=1

αR0
i + En

[

N
∑

i=n+1

αR1
i + αRnew(x)

]

= α
[

mn(R̄−∆) + En

[

N
∑

i=n+1

R1
i

]

+ En

[

Rnew(x)
]]

= α
[

mn(R̄−∆) + (N − n)qR̄ + qR̄newPn

(

mn ≥ an + b
)]where the se
ond and third equalities follow sin
e the returns from existing venturesare independent both mutually and of the returns from new ventures. Similarly,for any ñ ∈ {n+ 1, . . . , N} we �nd that

En

[

gñ
]

= α
[

En[mñ](R̄ −∆) + (N − ñ)qR̄ + qR̄newEn

[

Pñ

(

mñ ≥ añ+ b
)]]Clearly, the VC will optimally divest until gn > En

[

gñ
] for all ñ, whi
h is equivalentto20

∆(ñ− n) + R̄new

(

h(n,mn)− En

[

h(ñ, mñ)
])

> 0 (6)for all ñ > n.21 Sin
e {mn ≥ an+b} is measurable after n divestments, h(n,mn) ∈

{0, 1}. For h(n,mn) = 1, (6) is trivially satis�ed sin
e ∆ > 0 and ñ > n. If
h(n,mn) = 0, (6) is satis�ed if and only if R̄new/∆ < (ñ − n)En

[

h(ñ, mñ)
]−1 forall ñ > n, whi
h is equivalent to R̄new/∆ < maxñ>n

{

(ñ − n)En

[

h(ñ, mñ)
]−1}.Note that (ñ−n)En

[

h(ñ, mñ)
]−1 is maximized for the longest path, where fundingis 
onditional on a unique sequen
e of (su

essful) divestments. Sin
e an + b isin
reasing in n, the longest path satisfying this is the one ending with fundingafter N divestments, and where the N −mn �rst divestments have failed and thelast mn were su

essful. This means that mn = ⌈aN + b⌉, and

max
ñ>n

{

(ñ− n)En

[

h(ñ, mñ)
]−1}

= ⌈aN + b⌉q−⌈aN+b⌉thus (6) is satis�ed if and only if
R̄new/∆ < ⌈aN + b⌉q−⌈aN+b⌉ (7)20Cal
ulations are available on request.21We will use the notation h(k,mk) = Pk

(

mk ≥ ak + b
) for k ∈ {0, . . . , N}.33



whi
h 
ontradi
ts (2) for both qB and qG sin
e the RHS of (7) de
reases in q. We
on
lude that n = n∗ is optimal if h(n,mn) = 1, or En

[

h(ñ, mñ)
]

= 0, ∀ñ > n.
�Te
hni
al Result 1 Impossible NodesIf ⌈an + b⌉ > ⌈a(n− 1) + b⌉ then n 
annot be optimal.Proof:Assume for 
ontradi
tion that (n,mn) is optimal. Then mn = ⌈an + b⌉, and

(mn − 1, n− 1) has been rea
hed. Sin
e 0 < a < 1 and ⌈an + b⌉ > ⌈a(n− 1) + b⌉we must have that ⌈a(n−1)+ b⌉ = ⌈an+ b⌉−1, but then (n−1, mn−1) must havebeen optimal sin
e
mn−1 = mn − 1 = ⌈an + b⌉ − 1 = ⌈a(n− 1) + b⌉whi
h 
ontradi
ts that (n,mn) is optimal due to Lemma 2.

�
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