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l. Introduction

One of the key issues in venture capitd finance is the exiting process (cf. Gompers and
Lerner, 2000). Due to the dtructure of the venture capital industry (often closed-end
funds are used) and due to their comparative advantage in tart-up finance, venture capi-
td firms are engaged in therr portfolio firms for only a limited period of time. Unwind-
ing the engagement in the portfolio firm in the course of the exit process is therefore one
of the most important aspects of success for venture capita firms. Of the different exit
channds, the initid public offering (IPO) of shares of the portfolio firms is often re-
garded as the most essentid one in terms of its contribution to a venture capitaist’s e
turn. Therefore, 1POs play a decisive role in venture capita investments (see, eg., Black
and Gilson, 1998). It is, however, quite surprisng to observe that venture capitdigts are
by no means disposed to sdl (dl) ther shares at the time of the IPO (see Barry e d.

1990).

This observation is the garting point of the present paper. We andyze the disn+
vestment decison of venture capitd firms (VCs) in the course of an IPO. We isolate the
determinants of the VCs' decison to unwind their investment at the time of the IPO and
explore potentid motives for postponing the disnvestment to a later period. In contrast
to the andyss by Gompers (1996), who consders the timing of the IPO, we take the
date of the IPO as given and andyze the optima disinvestment time period (i.e. a the
time of the IPO or later). We thereby take into account the fact that VCs, as inside i+
vestors, ae typicaly better informed, at least for some period of time, about the qudity
of ther portfolio firms than are outsde investors in the capitd market. That is, whereas
informationd asymmetries do exist a the time of the IPO, they vanish over time. There-

fore, VCs wanting to disinves a dngle high-qudity portfolio firm face the following



trade-off. On the one hand, late disnvesments are associated with large opportunity
costs; on the other hand, they may help to overcome informetional costs (i.e. alow price

for such ventures).

By extending our basc sat-up of asngle-issue case to a repeated set-up, we take
into account that venture capitdists are identifiable, repeated players in the PO market.
We show that such a repeated-game set-up dlows venture capitaigts to establish a repu-
tation as honest players in the IPO market, i.e. for not sdling overvalued shares. As we
are less interested in a subtle game-theoretic model than in economic consequences, we
mode reputation as smple as possble and use an infinitely repeated game with a per-
fectly observable deviant behavior. In modds like this (eg. Klein and Leffler, 1981),
reputation is the trust outdde investors have with respect to the correctness of a VC's
announcement of project qudity, implicitly given by the pricing of a venture. Therefore,
reputation is a binary variable VCs may or may not have a reputation for a correct pric-
ing.

This kind of repuation (as wedl as any other, more differentisted kind) alows
VCs to overcome the costs associated with the informationa asymmetries in the 1PO
market. Within such a reputational equilibrium market inefficiencies can be resolved.
This corresponds to the more generd “certification hypothess’ on the role of invest-
ment bankers in the process of issling shares in public offerings (eg. Bedity and Ritter,
1986; Booth and Smith, 1986). The importance of reputation is stressed in many theo-
reticd as wdl as empiricad dudies into venture capital (see, eg., Amit et al. 1998).
Here, reputation serves as a credible commitment to a correct pricing of issues. We ask
under which circumstances such a reputational equilibrium will emerge. VCs may differ

in their experience, their market share, and the composition of their portfolio. We inves



tigate which types of venture capitadists are most likely to be able to establish a reputa
tion for credible announcements of the (high) qudity of portfolio firms in the course of
the IPO. This kind of reputation will enable VCs to sl ther venture at the time of the
IPO at the “correct” price. We show that seasoned venture capitdigs with a high market
share are those dgnding the qudity of ther firms best. This conforms with empiricd
ressarch on the timing of disnvesment in the course of an IPO (see Lin and Smith,

1998).

In a second step, we extend our basc mode by dlowing for the possbility of i+
vesing in the qudity of portfolio firms via advisory services and management support
for an additional period. This is a matter of importance, as the provison of managerid
resources belongs to the essentid tasks of venture capitdists (see Hellmann, 1998).
Once again, we isolae the types of VCs willing to invest for an additionad period in
their portfolio firms and andyze the impact of this option on the didribution of disn
vesment timings. In a third sep, we introduce underpricing as an additiona device for
acquiring reputation in the IPO market that involves not sdling overvdued firms We
show that paticularly young and unseasoned venture capitdists may be led to under-
price ther high-qudity firms in order to acquire one of the most-sought-after goods in
the venture capitd market: reputation. By underpricing, young VCs ae able to over-

come (a least partidly) the inefficiencies in the PO market.

There are a number of studies which are related to our study. Gompers (1996)
invedtigates the timing of the IPO of venture-backed firms and provides arguments that
VCs force their firms to go public too early. In an empirica paper, Gompers and Lerner

(1998) investigate one very prominent way for VCs to liquidate the postions in thar



portfolios, namely via the didribution of shares (rather than cash) to ther investors. In

50 doing, V Cs delegate the task of sdling sharesto their investors.

Our paper complements the enpirical sudy of Lin and Smith (1998), who andyze
the disnvestment decison of VCs udng US data. However, heir sudy lacks a theoreti-

cd framework in which the disinvessment decisions can be andyzed in detail.

Underpricing is one of the most prominent features in the IPO literature, often
viewed as a dgnd for project qudity (eg. Grinblait and Hwang, 1989; Allen and Fau-
haber, 1989). Alternatively, underpricing may be a compensation for a winner's curse in
a set-up where some of the outsde investors have superior information on the vaue of
the firm (Rock, 1986). Furthermore, underpricing may emerge as the result of mord-
hazard problems between the investment banker (as the agent) and ther client (Baron,
1982). We present an additiona rationade for underpricing: Particularly for young VCs,
underpricing may sarve as a credible commitment to building up a reputation for the

correct pricing of issues.

Findly, there is some relation between our paper and Stocken (2000), who exam+
ines the credibility of a manager's disclosure of privately obtained information to inves
tors in a repeated-game set-up. In his modd, sufficiently petient managers dmog al-
ways report truthfully, whereas in our paper the credibility of the VCs depends on cer-

tain attributes.

The paper is organized as follows. In the next section, we present the basic struc-
ture of our mode and outline the equilibria emerging for a one-shot game, i.e. for a sin-
ge issue. The second part of this section contains a detailed andyss of potentia reputa-
tiond equilibria In sections three and four, we andyze draghtforward extensons of

our basic sting. In section three, we dlow for the option of vaue-enhancing invet-



ments by the venture cepitdist and examine the impact of this option on the exit drat-
egy of the venture capitdig in different settings. In section four, we come up with a
new explanation for the underpricing exhibited in the course of initid public offerings.

In section five, we provide a short conclusion and a discusson of our results.

[I.  Thebasic model
1.1 Thesingle-issue case

We ae conddering venture capitdiss wanting to unwind their invesment in one of
their portfolio firms in the course of an initid public offering or at a later point in time.

The venture capitdist has invested either in a good firm (the vadue of his investment is

1+?>1) or in a (relativey) “bad’ firm." In the latter case the value of his investment is
normaized to 1. The parameter ? therefore measures the degree of qudity heteroge-
neity between the two types of firms and the ex-ante risk from the outside investors
point of view, respectively. In order to smplify the set-up, we redtrict the exit decison
of the VC to two periods. Either the VCs sl their shares immediately during the IPO
process (in t=1) or they wat one further period and sdl thelr invesment in  t=2.
There is an informationd asymmetry in the sense that the VC (the ingde investor) al-
ready knows the qudity of their paticular firm in t=1, whereas the outsde investors
in the capital market only know the average percentage a of good firms. After one pe-
riod, the investors in the capitd market have learnt suffidently much (eg. through sec-

ondary market prices) to be able to distinguish agood from abad projectin t = 2.

This terminology clearly does not describe the quality of the firms from an overall point of view,
given that the portfolio firms listed viaan 1PO already depict a positive selectionin aVC’s portfolio.



Thus we assume an informationdly efficient secondary market, while the 1PO market
lacks efficiency. Even though, generdly spesking, market efficiency might be question
able, there is no doubt that the secondary market is more efficient than the IPO market.
Without any further irrformationz, raiond investors in competitive capitd markets will
pay the average price a:(1+?)+(1- a):1=1+a:? .3 In the second period, true values are
pad for the firms 1+? for the good firm and 1 for the bad firm. In the following, we

will refer to the first (second) oneasatype G (B) firm.

The VC discounts sales proceeds in t=2 by the factor 3 (< 1). The discount
factor of the VC between the two periods is smdler than thet of the public, reflecting
the typicaly higher preference for liquidity in the VC indudtry. In order to save nota-
tion, we normalize the discount factor of the generd public to unity and consder 3 as
being the difference in the discount factor between the two groupsh4 The smdler B is,
the more pronounced the (rdative) demand for liquidity on the part of the VC. Given
that the VC is typicaly redricted in their ability to finance new projects, we aso can
view this discount factor as a measure of the avalability of profitable new investment
for the VC, i.e. as measure of the innovative capabilities of the economy as a whole.

Thus, alow 3 might be associated with a*hot issue market”.

Obviously, there are many sources of information for the external investor about a firm’s track record
(like financial statements and reports). In addition, there are civil as well as criminal sanctions for
false statements. But these information and sanctions refer to records on past developments. Assess-
ments of the firm’s future prospect are always subjective. Therefore, it is very difficult to sanction
wrong assessments of expected future developments. It isin this sense that we allow for informational
asymmetries between the VC and the investorsin the capital market.

In order to avoid the need to distinguish between the value of the firm and that of the VC investment,
we focus, without loss of generality, only on that part of the portfolio firm which isin the VC's pos-
session.

A perfect substitute for this would be to assume that the value of the firms increases between the two
periodsin amanner inversdy proportional to the discount factor of the outside investor.



The crucid question of our further andyss concerns the VC's drategy to unwind
their engagement in ether atype B or G firm. In both cases, they can either disnvest
in t=1 or t= 2.5 We may distinguish four possble stuations. The firgt Stuation is the
one in which VCs are naot, independent of the qudity of ther portfolio firm, willing to
sl thar shares in the initid period. Sdling the respective firms in t=2 enables the
VC to aways receive a price equd to the true vadue of the firm. In discounted terms,
this yiedds sdes proceeds for unwinding the invesment in atype B firm of Pg2=113

and theinvesmentin atype G firmof P, =Rx1+?).

In the firg period, outsde investors cannot observe the qudity of the individud
project. Hence, if both types of projects are sold in the first period, a pooling price will

emergein the capitd market:
I:,1pool =axl+?)+(@1- a)d=1+ax? . (1)

In a gtuation in which only type G (B) projects are sold, outsde investors in competi-

tive capital marketswill end up paying Pg;=1+? (Pg1=1).

Obvioudy, not dl four gtuations can be equilibrium configurations. Due to the
fact that dl informationa asymmetries will have vanished in period 2, VCs with type B
firms will never be willing to wait, snce they will dways receive a higher price (in dis-
counted terms) when sdling in period t=1. Therefore the first Stuaion as well as the

one in which only type G shares are s0ld in the initid period, can be excluded as can

Empirical evidence shows (cf., eg., Lin and Smith, 1998) that VCs typically maintain a certain por-
tion of their ventures' shares at the time of the IPO. If we allow for continuously distributes types of
ventures and a choice of the part of shares sold at the IPO, our model captures thisresult, aswell. An
exposition of this alternative modeling is given in the appendix. As our basic model serves as a basis
for the detailed discussion of more subtle issues, we use the binary variablein what follows.



didates for an equilibrium. Hence, two equilibrium configurations remain.6 In the firg
one, the pooling equilibrium, both types of firms are sold in the first period. In the sec-
ond one, the separating equilibrium, type B shares are sold in period t=1, whereas
type G shares reman in the portfolio of the respective VC until t=2. In the pooling
equilibrium, we observe the pooling price; while with the separding equilibrium, type
B projects are sold at their true value in t=1 and type G investments are uwound at

ther true vaue in the second period.

Which of the two potentia equilibrium configurations occurs depends on the pa-
rameters. The pooling Stuation actudly congtitutes an equilibrium if VCs with a good
project prefer to wait and sdll at a discounted price of R:(1+?) rather than at the pool-
ing price 1+a:? (see eq. 1). Given tha VCs with atype B project obvioudy dways
prefer sdlling above the true vaue at the pooling price in period 1, we obtain the follow-
ing condition:

1+as? >R (1+7?). ()

Hence, pooling, i.e. sdling both types of firms in the initid period, conditutes an equi-
librium if

o 1+ax?

B<Be 1+?

: ©)

where, for the sake of concreteness, we assume that a separaing equilibrium results in
the case of indifference. In contrast, a separating equilibrium requires that VCs with a
type G project in their portfolio prefer to wait and sdl at the true vaue of the project

rather than at the pooling price.

6
All over the paper we neglect any equilibriain randomized strategies.



That is,
1+a:? £R3(1+7?) (4)

for R2R, has to hold. Hence, eq. (3) describes the separating line ketween the two

types of equilibria7 The larger the proportion a of high-qudity projects and the
gndler the difference in value ? between the two types of projects, the more likey the
pooling equilibrium becomes. In such cases, the pooling price is reatively more attrac-
tive, causng the VC to prefer an early exit. The same is true if the VC has a pronounced
preference for liquidity (a low [3), which has the effect of making early sdling drate-

gies more attractive.

1.2 A reputational game

Typicdly VCs ae not engaged in only one IPO during ther economic life; typicdly
they play a repeated game in the IPO market. Moreover, VCs are identifiable players in
the IPO market. An essentid feature of the venture capitd industry in genera may be

said to be the establishment of reputation capital.

For certain parameter values, both pooling and separating constitute a Bayesian equilibrium. In this
case of a multiple equilibrium, type G's payoff in a pooling equilibrium exceeds the payoff in the
separating equilibrium. Therefore, from an economic point of view, R unambiguously separates the
two equilibria. Furthermore, with regard to the existence of a reputational equilibrium the proposed
equilibrium selection creates a higher hurdle than does any alternative.



Building up reputation is essentid in this type of industry with its myriads of in
formationa asymmetries (see Black and Gilson, 1998; Sahiman, 1990). With respect to

exiting viathe IPO market, there are two important aspects to reputation.

On the one hand, VCs, especidly young ones, have a strong hcentive to build up
a reputation with ther investors by means of redizing a successul PO with high re-
turns as soon as possble. This fadlitates refinancing for the VC (especidly for fird-
time funds) when it comes to raising new money for a follow-up fund. We capture this
agpect with our discount factor for the VC. On the other hand, VCs may have a strong
incentive, when playing the IPO market more than once, to establish a reputation for ke-
ing an honest partner, i.e. not discloang any fase information or, equivaently, not ms-
pricing the issue. We modd this aspect with the help of a repeated game. Within this
supergame, additiona future profits may serve as a device to commit onesdf to a coop-
erative drategy with outsde investors. In order to avoid destroying reputation, VCs may

decide to relinquish reporting the fdse type of their own portfolio firm

Some remarks on the modeling of reputation might be necessary. As daed in the
introduction, we intend to modd reputationd effects as ample as possble. Generdly,

there are two types of models which capture the notion of reputation.

In the first gpproach (cf. Milgrom and Roberts, 1982; Kreps and Wilson, 1982),
reputation is defined as bdief about unknown charecterigtics, where the proportion a
of good projects might be such a characterisic. Starting from a-priori probabilities, ke
liefs evolve in a Bayedan updating process, teking into account the observation of an
imperfect 9gna for the quaity parameter (eg. the quality of a certain venture). Reputa

tion then can be measured by the aposteriori probability for being the good type.

10



Whereas these models explicate the process of building up or losng reputation, they e

quire substantia caculations.

The second approach (see, eg., Klein and Leffler, 1981; Shapiro, 1983) is consid-
erably smpler. Reputation here might be described as the trust outsde investors attrib-
ute to the pricing of a cartain VC. If the incentive competibility condraint is met, inves-
tors suppose the pricing of ventures to be correct unless they observe a cheating behav-
ior by the VC. Note that it is perfectly observable ex post whether the VC plays coop-
eratively or deviaes. Under these conditions, a supergame congsting of an infinitely -
pested game typicaly has a multiple equilibrium. To be more precise, any feasble, in
dividudly rationa payoff can be enforced as a subgame-perfect equilibrium, if a devia
tion is punished by playing the equilibrium of the one-shot game and the agents are suf-
fidently patient. This famous “folk theorem” has been formalized by Friedman (1971).
However, among the plethora of equilibria, the truth-tdling equilibrium is of mgor im
portance, as it resolves any misdlocation of capitd. As the truth-tdling equilibrium be-
comes the eader viable, the harder are the sanctions, a complete and fina loss of reputa

tion in case of a one-time deviation leads to the most efficient equilibrium.,

Our main interest is the notion that profitable business is forgone by a fase pric-
ing. As we are less interested in the process of building up reputation, the infinitely e
peated cheap tak game framework is adequate for our purposes. In what follows we fo-
cus on the existence of truth-teling equilibria where VC peform a correct pricing of
ventures and outdde investors ascribe a podtive reputation (in the sense of credibility)
to the VC as long as no misaricing is detected. The VC has invested in a number of
portfolio firms, some of which are periodicaly going public. The percentage of good

firms, i.e of afirm beng atype G firm is a for each venture financed by a certain

11



VC. The probability for such atype G project is therefore congant over time from the

viewpoint of theindividua VC.

In what follows, we invedtigate the conditions that must obtain for a viable reputa-
tiond effect. A reputational equilibrium is characterized by the fact that VCs report the
true qudity of ther portfalio firms and hence sl them at their respective true vaue in
the initid period. If a truth-tdling strategy is feasble, VCs with atype G project over-
come the costs associated with ether waiting or pooling. The VC's announcement be-

comes credible in light of the mechanisms of the reputation game.

Obvioudy, a VC with atype G project prefers such a reputational equilibrium to
each of the one-shot game outcomes described in the previous subsections. Therefore,
the individud rationdity of a VC with atype G project does not place any further re-
drictions on a reputational equilibrium. Ingtead the crucid question is whether a VC
with a type B firm is willing to report the true qudlity of their portfolio firm. In case of
truthful reporting, the VC is able to tick to the moperative outcome and can expect to
sl atype G firm at the correct price in t=1 in future issue rounds. A cheating VC
gans in the initial {.e., the cheating) round by sdling atype B project a the vdue of a
type G firm thus recaving 1+? raher than only 1 (the correct vaue). The truth-
teling drategy yidds the VC with a type B firm a discounted vaue for sdling the
portfolio firmsin the present and dl following issues of

P =1+ & di(axt+2)+ (- a)><1):1+1id><(1+a><?), Q)
t=1 )

with d denoting the rate & which VCs discount revenues across two subsequent issues.
The discount factor d reflects the refinancing possibilities of the VC or, dmogt equiva

lently, the dengty with which VCs enter the IPO market in the future. We interpret the

12



latter as the market share of the VC. That is, the closr d is to one, the better the refi-

nancing possihilities of the VC are and the higher their market share.

The discount factors 3 and d ought not be confused: 3 is a measure for the
time period between the IPO and the seasoned offering of the shares held by the VC;
whereas d measures the distance letween two ventures to be disnvested by the VC at

the time of the IPO. The fallowing diagram may serve to darify the disinction.

(( Insert figure 1 about here. ))

The difference between these measures basicaly expresses the fact that the time span
between the IPO of two different ventures of a VC on the one hand and the IPO and the
seasoned dferings of shares of the same venture on the other hand may be different. An
dterndtive representation to ours is to use a common discount factor for a given period
of time and to alow for two different time variables. In order to save notation, we have
chosen the above procedure and cecided to use two “different discount factors’. As we
do not andyze overlapping ventures, 3 should be larger than d. Of course, in generd
ventures might be overlapping. But within the modd, overlgoping ventures would not

alow usto explicate the flow of information as precise as we do.

By decting to cheat, a VC with atype B firm will gan with respect to the pre-
sent issues, but may experience lower returns in future due to loss of reputation. Future
returns without reputation are identical to those in the one-shot game. If condition (3)
holds, the pooling equilibrium is the outcome of the one-shot game. In this case, the dis-

counted value with chegting is

13



¥
P (pool) =1+7 + § d' x1+ax?) =1+7? +%><1+a><>)- (6)
t=1 )

Comparing. egs. (5) and (6) reveds tha Py <P(pool), i.e cheating dways pays. This
amply reflects the fact that, on average, in the pooling equilibrium, the true prices of the
projects are paid. Hence, in this case, the codts of cheating are zero. Given the costs of
truth-tdling in the initid period, cheating is obvioudy the optima srategy. As a result,
no reputational equilibrium exidsif 3 < 3.

Matters are different if condition (3) does not hold and a separating equilibrium

emerges in the one-shot game. In this parameter congdlation, the expected discounted

flow of revenuesfor acheating VC with atype B firm amountsto

¥
PS(sep) = 1+2 + Q d {axBx(1+7?) + (1- a)x)
t=1 )

=1+7 +l—ddx((1+a><>) - ax(l- R)X1+?)).

Once again, the latter part of the RHS expression reflects the expected discounted reve-

nues occurring after the “cheating” period.
Comparing (7) and (5) yieds the following necessary condition for a reputational

equilibrium

rs£r3R°1-1'—dx?—. €)]
axd 1+7?

Taking condition (3) into account shows that a reputational equilibrium prevals if and

oy if R,ERER;. A pooling equilibrium exigs with R<R,, whereas a separating

14



equilibrium obtans for  RB>maq Rg,Rp} .8 Figure 2 illudrates the different equilibrium

configurations emerging with different parameter settings.

(( Insert figure 2 about here. ))

A reputationa equilibrium emerges in the area between line A, depicting eg. (3), and
line B, describing eg. (8) in an al3-gpace. This area is nonrempty if R, >R,. Taking a

closar look on this condition reveds

? (- a)xaxd- (1- d)

Br- e = 1+? axd ©)
For this expression to be positive,
1
d> 10
1+a- a2 (10)

must hoId.9 Hence, three main factors bear on the likdihood of a reputational equilib-
rium. Frg, a glance a eg. (10) reveds that a larger discount factor d makes, ceteris
paribus, the reputational equilibium more likey. Graphicdly spesking, a higher d
ghifts lineB upwards while leaving line A unaffected. This is indeed a draightforward
intution. A VC with a larger d has more to bbse in the event of deviation from a truth
telling drategy. Thet is, a VC gppearing more often in this issue market has a stronger
incertive to build up reputation, Snce it is of greater benefit to sdl the future type G

firms a ther true vaue in the initid period of the IPO process. An mmediae corollary

8
Again, for the sake of concreteness, we assume that 3=z leadsto areputational equilibrium, given
that Bgr3 Rp.

While, in general, 3 might be negative, (10) impliesthat 3 ispositive.

15



of this point is that established venture capitaists find it much esder to sgnd their own
credibility.

Parameter a, which serves to measure the proportion of good projects, has a non
monotonous impact on the likdihood of a reputational equilibrium occurring. This is

due to the fact that there are two opposing effects on the incentive to stick to a coopera-

tive Srategy.

On the one hand, a very large a leads to a pooling equilibrium, since the subgdies in
herent to type B firms that come with the pooling price become less important, which,
in turn, makes pooling reatively less unatractive. With a pooling equilibrium in the
one-shot game, there are no sanctions on the cheating VC. Therefore, with a too high a
we will not observe a reputational equilibrium. On the other hand, a too smdl a im+
plies that, on average, VCs expect very few type G invesments in future, which dso
reduces the cost of the cheating drategy. Taking these two effects together, it is appar-

ent that a reputational equilibrium isonly feasble for amedium-ranged a.

The third parameter affecting the likdihood of a reputational equilibrium is the
factor a which cash flows are discounted between the two periods of one particular &
sue. Once again, a reputational equilibrium obtains for intermediate vaues of R With a
low R VCswith atype G firm prefer the pooling equilibrium, making the cooperative
outcome infeesble. With a high 3 (i.e. a low preference for present cash flows) the
cost of chedting, i.e. being ale to sl type G projects in future issues in t=2 rather
than in t=1 a thar true vdue is sandl, making the reputational equilibrium unsus-

tainable.

Findly, the vaue difference between the two types of projects identicaly influ-

ences the likelihood of a reputational equilibrium in a pogtive way. This is best seen by
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looking a eg. (9). Given that the second quotient is podtive, a larger ? increases the

permitted region for (3.

The following numerical examples illusrate once again the overdl Stuation and

the likelihood of a reputational equilibrium.

(( Insert table | about here. ))

As dated in the introduction, Stocken (2000) presents a model smilar to ours. In his
model, the informeation of both the managers (equivdent to our VCs) and the investors
is imperfect. But unlike in our paper, in his modd managers only receive some revenue
if their project is of the good type. Thus the punishment is more severe, which provides
an even gronger incentive to report truthfully. This leads to the result that the manager
amog dways reports truthfully if they are sufficently patient, while in our modd some

further restrictions have to be met.

[11. Investmentsin project quality and thedecision to disinvest

One of the main characteridtics of venture cepitdigts is that not only do they invest fi-
nanda capitd in their portfolio firms, but dso inject their expertise and knowledge
concerning the management of firms. In a nutshel, they operate as permanent consult-
ants to ther portfolio firms. Given that they are specidids in this role, it is naurd for

them to develop a comparative advantage in thisregard.

We incorporate this crucial aspect of venture cgpitd into our model by alowing

for the posshility of vaue-enhancing invesments on the part of the VC. We isolate the
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circumgtances under which a VC with a type B project is willing to invest in a non
exploited potentid in order to secure an increase in vaue. The VC with atype B pro-
ject faces a trade-off between investing management resources a cost | in their ven
ture, causing this venture to become atype G project after one period with probability
g (0<qg<1l), ad not invesing (and thus gicking with the low qudity of the firm).
Obvioudy, the investment in the qudity of the firm in period 1 is linked to, and has
consequences on, the decison to disnves. In the following, we will andyze the condi-
tions under which a VC has an incentive to undertake avaue-increesing invesmen, as

well as the consequences this has for the overdl disnvestment drategy.

A vdue-increasing invesment dearly exdudes an immediate disnvesment in pe-
riod t=1. Hence, and in contrast with the preceding section, it is not dways preferable
to =l type B ventures immediately in period t=1; rather it may pay to invest and
wait for another period in which disnvesment then takes place. We pursue our anayss

by andyzing the sngle-issue case firs. Then, we consder the option of a reputational

equilibrium in the course of ongoing iﬂsues.10

[11.1 Value-increasing investments and disnvestment in the single-issue case

Since VCs with atype B project may have an incentive to undertake investments with
a potentid for increased vaue, we encounter three equilibrium candidates. Fir, there is

a pooling stuation in t=1 if both types of ventures are sold in the initid period. Sec-

0
At period t=1, the investment is not observable to the outside investors. Otherwise, observing a
non-investment might have an informational content for outsiders.
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ond, the separating equilibrium with type B firms sold in t=1 and type G firms not
sold before t=2 remains a vigble equilibrium. And due to the nvestment option, there
is a dtuaion with both firms sdling in t=2 which becomes a feasble equilibrium

candidate. We cal the latter a*“late-poaling” equilibrium.

It is farly draghtforward to see that with a pooling equilibrium prevailing in
t=1, it never pays for an invesment in t=1 to be undertaken for type B. Thiscan be
shown in the following manner. Againg the background of a pooling equilibrium in

t=1, invesment only tekesplaceif 1+a:? £-1+R:(1+q:?) oOr

1+ax? +1

52 BFO 1+qgx?

(11)

Comparing R with (% reveds that the later is dways smdler, i.e. the pooling condi-
tion (see eg. J) is dways more redrictive than the investment criterion. If a pooling
equilibrium prevals, invesments in t=1 are never profitable from the point of view of
the individud investor. That this is S0 is intuitivdy obvious. With a pooling equilib-
rium, it does not pay to wait until t=2 with type G firms. Hence, nvesting in vaue
enhancements which yield a type G with a probability of less than one (and which are
a the same time costly) can never make sense. The mplicit subsdy of type B firmsis

too pronounced in this setting to dlow for a profitable investment.

An immediae cordllary of this is that pooling implies underinvesment in vaue
enhancement. Comparing the invesment incentives with the incentives in a symmetric
information setting reveds the informationd costs associated with the invesment deci-
gon in t=1 In contrast to a symmetric information setting in which type B firms
yiedd a price of 1, in the Bayesan pooling we find that equilibrium type B firms are

subsdized by the amount a:?  leading to a too low levd of invetment. This digtortion
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is the more pronounced, the higher the VC's proportion of type G projects. Tracing
this back to a superior project selection, we obtain an explanation for the specidization
by different VCs in different investment stages. VCs with a comparative advantage in
the early stage (and hence a high g have a low incentive to put the finishing touch on

their portfolio firms i.e. to invest heavily in later stages (and vice versa).

Investment in vaue enhancement may only occur with R3 rsp.ll VCs with a type
B firm face two dterndtives. Either they sdl their shares immediatdly a the price given
in the prevaling separating equilibrium, i.e 1. Alterndivdy, they can bear the invest-
ment costs |, recelving an expected payoff of 1+q:?. Hence, investments are profit-

adleif andonly if 1£-1+R:(1+q:?) or

sg 1+1
L (12)

This implies that we observe a separating eguilibrium - (without investment) in the
range R1 [R,,R7), whereas for R3RP, an equilibrium with “late pooling” occurs. In the
latter case, VCs invest | inthe type B firms and sl these ventures in t=2 at thar
true vadue. This is the more likdy, the lasger q and b are and the samdler | is. Frms
with a comparative advantage in late sage financing (and therefore alow | and a rela

tively large @) will investin t=1 and typicdly disnves in later stages.

11
There exist sets of parameters where (12) and (3) hold simultaneously. Again, in this case, the early

pooling equilibrium dominates the late pooling equilibrium for a VC with atype G project. There-

fore, aswas stated above, it isonly with 33 3, that investment in value-enhancement may occur.

2
! Against the background of a separating equilibrium and a potential price of atype B venture equal to

one (the true value), the investment decision is efficient, i.e., the investment incentives are not dis-
torted. In other words, eg. (12) is equivalent to a positive net present value of the investment.
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[11.2 Reputational equilibrium in thepresence of profitableinvestments

Even in the presence of the investment option in t=1, type G ventures are never sold
a the true vdue in t=1 in the dnge-issue cae. This implies inefficently low returns
for this type of ventures from the point of view of the VC and rexults in an un+
derincentive to engage in finacing dat-up firms. Hence it is important once again to
ask whether this shortcoming can be resolved via a reputational mechanism In particu-
lar, we would like to know whether the investment opportunity makes such a solution

more or lesslikely.

We focus only on dtuations where the investment turns out to be profitable from
the point of view of the individud VC in our asymmelric information setting, i.e with
R3RY. This condition is equivdent to a postive net present vaue (NPV) of the invest-
ment. In dl other Stuetions, the investment option will not be exercised and therefore
does not ater the results discussed in the previous subsection. With  R3 R°, deviators
from the cooperative drategy anticipate that “late pooling” has occurred. Type G venr
tures are sold a their true vaue in the respective second period. With type B projects,
it turns out that it pays to inves in t=1, thus leading to a qudity jump with probability
q.

Thus, the cooperdive drategy yields the following discounted cash flow for the

VC:

Py (inv) =(- I +rs><1+q><.>))+§ d' ax1+?) +(1- a)q- | +Bx1+q*?)))
t=1 (13)

=(- |+rs><1+q><?))+1idx(a>(1+?)+(1- a){- 1 +RX1+q))).
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The RHS of (13) condgts of two pats the revenues from sdling the bad firm in the
course of the current offering (equal to -1+R:(1+q:?)) and the discounted cash flow

for dl future periods (the remaining part on the RHS).

In the event of chedting, the VC bses the advantage of immediatdy disnvesting
type G projectsin future issues. The present value of revenues therefore amounts to
¥
PS(inv) =1+ 2 + § d' {aRx(1+2) +(1- a) - | +Bx1+qx?)))
t=1 (14)
=1+7 +1id>(a>@><1+?)+(1- a) - 1 +Bx1+qx?))).
Comparing eg. (13) and (14) gives us the following condition for a reputationd equilib-

rium:

- ? -
BERg, 0 1- 12057 NV
' a 1+?

: (15)

where NPV of the invesment is given by
NPV =-(1+1) +RBX1+qx?).

Obvioudy, condition (15) is weaker that inequdity (8), because Ry, >Ry, whichin tumn
reflects the fact that a podgtive NPV is a necessary condition for late pooling. Given an
incentive to engage in a vaue-enhancing invesment, the credibility of the VC increases.
While the cogts of cheating are not dtered by the investment option, the possble gains
of cheating decrease by the amount of the NPV. As the NPV itsdf is postively corre-

lated with 3, thereisan additional second order effect.

An oveaview on the different equilibria with the invetment option is given in

Figure 3, with condition (12) depicted asline C.
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(( Insert figure 3 about here. ))

To sum up, if VCs ae highly spedidized in managing portfalio firms and incressing
their value in later stages, it turns out to be profitable to exit from type G firms imme-
diady, while VCs with low-qudity firms reman invested in ther portfolio firms and
are committed to trying to increase the latter’s vdue with the hep of management and
advisory support. This result is just the opposite of the one in the basc mode in section
[1.1. Reputationdl effects enable VCs to sl type G firms early without incurring any
loss, whereas the investment option gives an incentive to VCs with atype B firm to

improve itsvalue,

V. Underpricing asa reputational device

In the preceding sections, we assumed that the characteristics of VCs do not change
over time. Condant parameters over time, however, imply that al learning effects and
advantages associated with experience are completely neglected. In this section, we am
to incorporate these aspects by dlowing the parameters characterizing a VC to change.
More precisgly, we mode the incentives of young VCs to build up reputation capital.
This is done againgt the background of the often-mentioned argument that in a market
characterized by such a high-degree of informationa asymmetries as the VC market s,
the building up of reputation is crucid (see eg. Megginson and Weiss, 1991). Allowing
for changing parameters over time aso dlows us to diginguish different types of VCs
on the one hand, young ones with little or no track record and a smal number of poter+
tid PO candidates, and on the other hand, old ones with a long history of successful i+

vestments as well as a constant flow of 1POs.
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We transpose this into our mode by assuming that a young venture cgpitd firm
darts with a low d, dgnce the time span between two potentia 1POs is long and inse-
cure. Over time, as the VC grows older this parameter grows too, reflecting the fact that
the VC has more successtul firms in their portfolio which will be sold via an IPO. Thus,
experienced VCs have a higher market share than younger ones. In order to mode this
basic idea as amply as possible, we dlow for two different & alow d inthefirg
period of time (associated with the first ssue); and a higher & (d>>d;) for dl future
periods in which the VC has grown mature. Some dternatives to this modeing are dis-

cussed below.

Our basic framework has shown that a low d is definitely a handicap to rediza
tion of a reputational equilibrium. Initidly, therefore, it is a problem for a young VC to
build up reputation capital. We argue, however, that a young VC may use underpricing
a an indrument to compensate for this handicgp and so build up reputation anyway.
Underpricing type G projects enables VCs to commit themsalves in a credible manner
to the reputationa equilibrium. We show that only young VCs have an incentive to un
derprice 1POs whereas established VCs do not need to pursue this drategy. Thus, while
the increased experience leads to an increase in market share enabling the VCs to prove
their trustworthiness, underpricing resolves the lack of “naurd” credibility of a young
VC. This is in line with empirica lesearch showing that 1POs with a mature VC as their
lead investor do not show any signs of sgnificant underpricing, whereas this is the case
when the VC is young (see Gompers, 1996). Our explanaion of the often-observed
phenomenon of underpricing stands in contrast to most explanations in the literature. In
other papers, underpricing serves as a dgnd of project qudity (eg. Grinblatt and
Hwang, 1989; Allen and Faulhaber, 1989) or as compensation for a winne’s curse

(Rock, 1986), whereas in our scenario it isSmply adevice to build up reputation.
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In order to focus on our argument, we neglect the posshility of vaue-increasing
invesments and consder only Stuations in which young VCs cannot credibly commit
themsaves to a reputational equilibrium (whereas experienced ones can). Taking the
two different values for d into account, d for the issue under consideration and @
for dl remaining ones and then feed these into egs. (5) and (6), we dotain a modified

condition under which ayoung VC is excluded from a reputational equilibrium:

R>pyo1- %2, ? ®)
axd; 1+?

At the same time, an experienced VC may obtain the profits from reputation if

REREo1- 2%, 7 @)
axd, 1+7?

For d <d; thereis adways a parameter congtellation for which (8') and (8') hold $
multaneoudy. In order to highlight our argument as sharply as possble, we focus only

on Stuations where in the Sngle-issue case a separaing equilibrium obtains, i.e. 33 3p.

In the gStuation described above, a young VC cannot redlize a reputationa equilib-
rium by sdling type G projects a ther true vdue in t=1. At firg glance, only the
separaing scenario is a feadble equilibrium. We will show, however, that underpricing,
i.e #ling type G proectsin t=1 a apriceof 1+?-U (whee U messures the
amount of underpricing), conditutes a reputationd eguilibrium and a way out of this d-

lemma. Hence, underpricing is considered to be a device which compensates for the low
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level of experience of a young VC.13 For ayoung VC with atype G project, this device
is asociated with lower costs than is the nontoccurrence of an immediate reputational

effect.

For a reputational equilibrium with underpricing, two additionad requirements
mug be fulfilled. Frg, it should be in the sdf-interest of a young VC with a type G
project to participate in the scheme with underpricing. Second, a young VC with a type
B proect must have an incentive to stick to the cooperative equilibrium without chest-
ing.

With respect to the first condition, we assume that after the nitid period a young
VC becomes experienced. That is, after the initid period, the payoff to the VC with a
type G proect is the same, no matter whether a reputational equilibrium is initiated
with the firgt issue or not. Due to (8') we know that the experienced VC will remain
with the reputational equilibrium if cheating has not taken place with the fird isue
Hence, VCs with type G firms only have to compare their payoff with the initid issue
resulting from an underpricing Strategy with the one emming from the separating equ-

librium. Underpricing is preferred if
1+?- U3 R:(1+7?) (16)
or

UEUg O (1- B)X1+7?). (16')

13
One might argue that underpricing is also a solution for an experienced VC to resort to in situations

where (8'") does not hold. It turns out, however, that this does not work. Either VCs with atype G
project do not have an incentive to underprice or VCs with type B projects are unwilling to stick to
the reputational equilibrium and try to imitate type G projects. Thisis due to the fact that underpric-
ing, while lowering the immediate gain from cheating, also reduces the implicit sanctions arising in
later periods (the opportunity costs of cheating in later periods are reduced). In the aggregate, under-
pricing does not work as a solution for experienced VCs, if (8'’) does not hold.
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With respect to the second requirement, we mugt make sure that VCs with type B pro-
jects do not want to deviate from the reputational equilibrium with underpricing. Agan
taking into account that the reputational equilibrium implies that for dl future periods
type G projects can be sold at their true vaue, while with cheating a separating equilib-

rium evolves, the discounted income stream with underpricing is

PY (underpr) =1+ dld (ax1+?)+ (- a)x). (17)
)
In the case of cheating we obtain
PS"(underpr) =1+7? - U+s dld aBx1+?) +(1- a)4). (18)
)

Comparing the two equations leads us to the following second condition for a stable re-

putational equilibrium with underpricing:

d,

UsUg©?-
B 1- d,

{ax(1+?)x1- B)). (19)

A necessary condition for a reputational equilibrium is therefore Uz £U,. This re-

quires that

1-d, ?

R £Bunderpr 01- ]
R 1- d, +ax), 1+?

(20)

A reputational equilibrium with underpricing exids if the conditions expressed in egs

(8),(8")and (19) aswell as 2R, hold.

Table Il illugrates the impact of different parameter settings on the likelihood of a

reputationa equilibrium with underpricing.

(( Insert table 11 about here.))
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The fird three cases show that a reputationa equilibrium with underpricing may exig.
The larger the difference between the discount factors of young and experienced VCs
the larger the parameter range for which an underpricing regime prevails (see cases 1
and 2). Gengdly, the likdihood of such an equilibrium is larger the larger ? is (cases
2 and 3). With low absolute discount factors, the reputationd equilibrium even for ex-
perienced VCs does not prevail anymore (case 4). If, findly, the proportion of good pro-
jects a isvery sandl, VCs with atype G project prefer the pooling equilibrium and the

underpricing equilibrium does not prevail ether (case 5).

The results are summarized in Figure 4 with line D representing condition (19).

(( Insert figure 4 about here. ))

In order to show that our underpricing explaretion is quite robust agang variaion in
our set-up we investigate the idea that inexperienced and experienced VC differ in the
proportion of expected G firms in ture PO rounds. Whereas experienced VCs expect
a proportion of a for al future periods, an inexperienced VC expects only the propor-
tion & (a>a;) of type G firms for the next period and a for dl future periods. Cd-
culating the criticd R for this sat-up gives us smilar results as above. Cases 6 and 7

delineate example for this dternative interpretation. Looking a these examples reveds
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that they are in a reasonable parameter range. Here, too, a larger d broadens the parame-

ter range for which areputationa equilibrium with underpricing exi 3514

Given that a reputational equilibrium prevails, a young VC will choose underpric-
ing to the extent that U=U,, sSnce they have no reason to provide an even lower price
of their type G project. A lower price would only reduce the income of the VC without
any additiond gains. We can therefore use eg. (18) to investigate the comparative datics
underlying the extent of the underpricing phenomenon in our modd. Teking a closer
look at this eguetion reveds tha the extent of underpricing increases with a larger ?
and R aswedl aswithasmdler a and d. That is, the larger the degree of uncertainty
with respect to project quality, measured by 2, and the less pressing the liquidity con
graint of the VC (the larger 3, the more willing the young VC is to invest in reputa-
tion via underpricing. Thus, abet via a very different line of arguments we arive a the
same concluson as other papers on underpricing (see, eg., Bedatty and Ritter, 1986;
Grinblatt and Hwang, 1989). Furthermore, just as our paper does, Welch (1989)
hypothesizes that underpricing is negetively corrdated with volaility in the secondary
market. As underpricing in our mode is pat of a fully reveding dgnding equilibrium,
there is no need for further price adjusments and secondary market volatility will be

low.

In addition, our modd dams that a young VC with a smaler expected proportion

of high-qudity projects is forced to offer a higher degree of underpricing, since the -

14
A further extension of the basic argument is to alow the difference between the experienced and the

inexperienced VCs to persist for more than one period. Analyzing this possibility strengthens our a-
gument, at the cost of a significant extension of the calculations: we find for a larger parameter range
that areputational equilibrium with underpricing exists.
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tentid cost of cheating is less pronounced in this case, thus necesstating a high levd of

underpricing.

The (young) VCs incentive to underprice may have obvious repercussons on the
investment process of this particular class of VCs. Good-type firms could anticipate the
incentive of the VC and hence would require compensdion for this, snce underpricing
reduces its expected revenue from the IPO. This would, given that potentid portfolio
firms anticipate this correctly and can observe the characterigtics of VCs, impose an al-

ditiona cost on (young) VCswithout affecting, however, our line of argumen.

V. Concduding remarks

The purpose of the present anadyss was to investigate the disnvestment decison of
venture cgpitd firms in the course of an initid public offering. Due to informationd
asymmetries product qudity is only reveded after the IPO period. Using a repested
game framework we asked whether (and if so, how) expected sanctions in future periods
can force VCs who might otherwise fasdy report the qudity of their venture to report
them correctly and dlow for disnvesment in the IPO period at the true project vaues.
This avoids the welfare costs associated with disnvestment decisons in the course of an

IPO.

In addition, we investigated under which circumstances VCs may have an incen
tive to engage themsdves in ther ventures even &fter the 1PO period. We went on to
provide a previoudy unexplored reason for underpricing in the course of a venture capi-
tal-backed 1PO. In our setting, underpricing serves as a device for young VCs to credi-
bly inves in the building up of reputation, which especidly for firg time funds is so of-

ten urgently needed.
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Our andyss provides a number of explanations for stylized facts and hypotheses
which can be drectly tested by usng avalable data for venture and non-venture backed

|POs.

Firg, we provide an explanaion for a number of characteristics associated with a
“hot-issueg’ market. With a “hot-issue” market (i.e, with a low ) what emerges 5 a
pooling equilibrium with early disinvesments associated with a high degree of price
uncertainty. This is reminiscent of the grandgtanding hypothess for early disnvest-
ments put forward by Gompers (1996). But in contrast to him we do not bcus on the
timing of the IPO, but rather on the disnvestment decison of the VC. In addition, and
in contragt to his argument, with us early sdling does not have any informationad con
tent (i.e. does not send a Sgnd to potential investors) but rather results from a high de-

gree of uncertainty.

Second, we find that a high market share on the part of an individua VC (i.e, a
high d) facilitates the building up of reputation, together with a high degree of credibil-
ity and low price uncertainty. We should therefore expect that experienced VCs with a
high market share build up reputation, dignvest early, and ae ale to sdl even ther
high-quaity ventures at dose to ther true vaue This is in line with Lin and Smith
(2998), who find with US data that only VCs tha sdl during the IPO have wel-
established reputations. It can aso be interpreted as explaining the empirical observa
tion that markets react favorably to the presence of (seasoned) venture capitd financing

a thetime of an IPO (see Barry et a. 1990; Megginson and Weiss, 1991).

Third, we show that a careful sdection of ventures on the one hand, and late-stage
invesment in the vdue of the portfolio firms via intense management support on the

other hand, conditute clear subdtitutes. In our moded, VCs with an expected
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preponderance of high-qudity firms (i.e, a high & have little incentive to undertake
invesments in the improvement of firm vaue via intense management sypport in late
dages. This suggests the formation of clientele groups. Typicd venture capitdists who
are highly specidized in active invesment (i.e, providing intense management support)
will dignves lae and provide very little price uncertainty. They will sl “maure’
firms. More conventiond financiers, who have little competitive edge in the area of “ac-
tive’ invesment, will disnvest early and provide for a higher degree of price uncer-
tanty.

Fourth, VCs engaged in high-risk ventures (i.e, with a high ?) have a higher -
centive to establish a reputation for sdling high-qudity ventures a their true vaue and
not reporting fadsdy on the quality of ther ventures Hence, for them the credible
building up of reputation should be facilitated, leading to early disnvestments and little
price uncertainty. A find hypothess emerging from our andyss is that especidly un
seasoned VCs have an incentive to engage in underpricing, whereas seasoned VCs do
not need to underprice. This hypothess is in line with empirical findings on the US
market (see Muscardla and Vetsuypens, 1989; Gompers, 1996 for VCs Johnson and

Miller, 1988, Carter and Manaster, 1990 for investment bankersin generd).
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Appendix: An Alternativeto the Basic M odel

In the main part of the paper we assume that in the class of ventures sold via an PO
there are only two different types, the value of which amounts to either 1 or (1+7).

The VCs have the choice between sdling the complete venture a the time of the IPO
(t=1) or alaer period (t=2), when the true vaue of the venture has become com
mon knowledge. With dternative modding there is an infinite number of types to be
sold, which are continuoudy didributed over the interva  [1; (1+7)]. In this case, the
VC may dgnd the true qudity of the venture by their choice of the pat 2, which is
sold to the public a time t=1. This kind of sgnaing may succeed, because waiting is
generdly codly (3<1). Furthermore, better types have to bear lower costs of waiting
because a time t=2 the (in their case reatively high) true vaue is reveded for sure.
This avoids a pooling with the less good types. Therefore, the andytica prerequidtes

for aggnaing equilibrium are fulfilled.

In what follows, we assume that the investors etimate the vaue of the venture by
means of looking at the part 2 V(?)=1(?). Presumably (and Hill to be proven), the

proportion sold at time t =1 is negatively corrdated with the vaue of the venture.

Given this stting, the wedth W of a VC with a venture of a true vdue V, <I-
ing ashare ? of the venture a the price of f(?) Immediady and the remaining part
(1-?) in t=2 a the true vdue V, which has become common knowledge by that

time, anounts to
W(V,?2)=2:f (9 +R: (L- ?):V.

The following conditions are necessxy for a dgnaling equilibrium: Fird, the investors

have to build rationa expectations:.
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f(2)=V. (AD)

Second, the VC has to maximize their wedth by choosing the correct Sgnd (incentive

compatibility):
T“N_‘l(]\;*?) =2%'(?)+f (?) - RXV =0 (A2)
2
1 Wﬂ_gv’?):2xf'(?)+?>¢"(?)<0- (A3)

Insertingeq. (Al) intoeg. (A2) and solving the resulting differential equation leadsto
f(?) =Cx?" (*-R) , (A4)

where the integration congtant C dill has to be evauated. As conjectured, f(:) isn
deed a decreasing function because of 3< 1. It can easlly been shown that the solution

(A4) meets condition (A3), aswell.

By determining the integration condant, the sgnding equilibrium becomes ur-
ambiguous. A useful criterion is to minimize totd Sgnaling cods. This is achieved by
imposing no cods on the lowest type (V =1). l.e, the lowes type immediady sdls

off the complete venture [?*(V=1) = 1]. Therefore,

f=cxx®® =1 (A5)
has to hold, which implies

f(=7E8 (A6)
and dlows the following conclusons:

1) Only the lowest type, V =1, <dis off the complete venture immediatdly. This fol-

lows directly from eg. (A5).



2) The better the venture, the lower is the proportion sold a time t=1. This follows

from inverting (A6) to

1
wx=y LB (A7)
with ?* being adecreasing function of V becauseof R<1.

3) The lowest share sold, 7nin, COrresponds to the highest possible value of the venture,

(1+?). ?min isgrictly bounded away from zero, because

1
0<?. =(1+?) "B<1.
Asaresult, there will not be any VC choosing nottodivest a dl a time t = 1.

As is wdl known, sdf-sdection modds with competition on the uninformed sSde may
have the unfortunate property of “lower end unraveing’. l.e, invesors may offer dter-
native 1PO contracts which lead to a partid pooling a the lower end and imply a pos-
tive profit for the investors. As a result, from the bottom to the top the signding argw-

ment unravels.

With respect to this problem, Riley (1985) has shown that there are two conditions

each of which is sufficient for a stable signaling equilibrium.

Firg, the lowest type has no incentive to enter the market anyway. In the IPO
modd of Leland and Pyle (1977), eg., this requirement is met. The revenues of the IPO
are used to finance an additiond project. Therefore, firms with negative NPV projects
choose not to enter the market in a fully reveding signding equilibrium. In our modd,
the initid outlay for the venture is sunk. Therefore, the VC dlIs the venture a the hight
est possible price. As a reault, there does not exist a lower bound for the qudity of a

venture to be sold via an 1PO in our modd. But the Leland and Pyle property may be in-
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troduced into our modd by the additiond assumptions, that VCs suffer additional costs
if very low valued ventures are sold via an PO (instead via a trade-sdle or a buy-back)
or that VC with very high vaued venture regp some additiond profits doing an 1PO.
While these assumptions are ad hoc, technicdly, they are wdl in line with the grand-

standing hypothesis of Gompers (1996).

Second, the margind net profit of dgnaing has to be sharply increesng a the
lower end of qudity. In our modd this means, the discount factor 3 has to be suffi-
ciently high. For the example of a uniform distribution of types it is quite easy to check,
that R has to be virtudly one for very smal values of ?, where for higher values of ?
the criticd discount factor allows for a reasonable range of parameters supporting an
ggnding equilibrium.

But even if a 9gnding equilibrium of the Nash-type fals to exis, there might be a
less demanding, “reective’ equilibrium (Riley 1985). In this kind of equilibrium, inves
tors examining the posshility of aternative contracts will anticipate that other investors

will resct to profit generdting dterndtive offers. If the dternative offers do not earn any

profit in case of areaction by the other investors, the initia equilibrium will prevall.

Oveadl, the exigence of a sgnding equilibrium which supports the above cited

conclusons 1) to 3) seemswadl judtified.
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Tablesand figures

Parameters Critical values
a d D bmin=bp bmax = RRr
Example 1 02 09 01 0.9273 0.9495
Example 2 05 09 01 0.9545 0.9798
Example 3 08 09 05 0.9333 0.9537
Example4 05 09 02 0.9167 0.9630
Example5 09 095 02 0.9833 0.9903

Table |: Examplesof reputational equilibria.

Parameters Critical values
as a d  dy 7 | By, =max{ByRY} B =min{BRE;RuEPY
Casel - 05 07 08 05 0.8571 0.8824
Case?2 - 05 075 08 05 0.8667 0.8824
Case3 - 05 075 08 025 0.9200 0.9294
Case4 - 05 06 075 05 0.8333 0.7778
Case5b - 02 07 08 05 0.7333 0.7059
Case6 | 04 07 08 08 05 0.9000 0.9160
Case7 | 04 07 09 09 05 0.9000 0.9471
Table IlI: Examples for the existence and non-existence of a reputational equilibrium with

underpricing.



Figure 1: The distinction between 3 and d.
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Figure 2: The reputational equilibrium.
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Figure 3: Equilibriawith value-enhancing investment.
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Figure 4. Reputational equilibria with and without underpricing.



CFSWorking Paper Series:

No. Author(9) Title
2001/10  Olaf Ehrhardt Private Benefits and Minority Shareholder
Eric Nowak Expropriation — Empirica Evidence from IPOs of
German Family-Owned Firms
2001/11 Daniel Gross Country-Specific and Globa Shocks
in the Business Cycle
2001/12 Daniel Gross Trade Flows and the Internationdl Business Cycle
2002/01  Stefan Feinendegen Die Vertragsbeziehung zwischen Investoren und
Danid Schmidt Venture Capital- Fonds. Eine empirische Untersu-
Mark Wahrenburg chung des européischen Venture Capita-Marktes
2002/02  Issam Hallak Price Discrimination on Syndicated Loans and
the Number of Lenders Empirical Evidence from
the Sovereign Debt Syndication
2002/03 Raimond Maurer Money-Back Guaranteesin Individua Penson
Christian Schlag Accounts: Evidence from the German Pension
Reform
2002/04  Holger Claessen Forecasting Stock Market Volatility and the
Stefan Mittnik Informationd Efficiency of the DAX-index
Options Market
2002/05 Bernd Kaltenhauser Return and Volatility Spilloversto Industry
Returns. Does EMU Play aRole?
2002/06  Erik Theissen Internaisierung und Marktquditét:
Was bringt Xetra Best?
2002/07  Werner Neus Exit Timing of Venture Capitaigsin the Course
Uwe Walz of an Initid Public Offering

Copies of working papers are available a the Center for Financid Studies or can be
downloaded (http:/Mmwww.ifk-cfs.de).



