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Abstract

This paper examines the effect of career concerns on the pattern of investments selected
by venture capital fund managers. I propose a simple model in which managers strategically
adjust the variance of their portfolio to maximize the probability of raising a follow-on fund.
The model demonstrates that career concerns can encourage venture capital fund managers to
inefliciently select investments that are too conservative. The influence of these career incentives
declines following good initial fund performance, leading to a positive correlation between early
fund performance and late fund risk-taking.

Using a unique data set of company-level cash flows from 181 venture capital funds, I demon-
strate that the intra-fund patterns of investment in venture capital broadly match the predictions
of the model. First, I show that the characteristics of career concerns in the venture capital
industry are consistent with the assumptions which drive the model. Funds who perform well
in their initial investments raise a new fund more quickly, and the size of their next fund is
concave with respect to the existing fund’s performance. Second, using a maximum likelihood
methodology I show that venture capital fund managers select more risky portfolio companies

following good performance and tend to be less diversified.
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1 Introduction

Venture capitalists frequently claim that the best investment opportunities are often extremely risky

I However, it is common to

ventures, which offer a small possibility of an extremely high return.
observe venture capital investments in firms which, at first glance, appear to compete in relatively
modest markets and are unlikely to produce high returns. For example, venture capitalists have
recently funded a bottler of iced tea, an on-site car wash service and a pizza delivery service in the
United Kingdom.? Notably, all of these investments were made by venture capitalists operating
their first fund. Certainly these particular firms may have been attractive investment opportunities,
but their contrast with the type of high-risk firms usually associated with venture capital motivates

a broader look at how the economic incentives facing venture capital funds impact the riskiness of

their portfolio and the types of firms in which they invest.

This paper offers a theoretical model and empirical evidence that suggests concern about the
ability to attract future investors motivates inexperienced venture capital fund managers to tilt their
portfolio towards more conservative investments. The strength of these career concerns changes
over the course of a fund. Managers with strong early performance demonstrate sufficient skill to
guarantee themselves a new fund and are thus free to choose investments that maximize fund value,
while poorly performing managers continue to cater to risk-averse career incentives. This stands in
contrast to the results in other asset classes, such as mutual funds and hedge funds, where authors
have attributed an increase in portfolio risk of poorly performing managers to their concerns about
future fund flows. (Brown, Harlow and Starks (1996), Chevalier and Ellison (1997) and Brown,
Goetzmann and Park (2001)).

Venture capital fund managers, referred to as general partners (GPs), receive finite capital
commitments from their investors, the fund’s limited partners (LPs). GPs select portfolio companies

in which to invest the fund’s capital over an investment period of three to five years, after which they

14T don’t know how to write a business plan, I can only tell you how we read them. We start at the back and
if the numbers are big, we look at the front to see what kind of business it is.” - Tom Perkins, founding partner of
Kliener, Perkins, Caufield & Byers.

2These portfolio companies were identified using VentureXpert, not the sample used in the remainder of the paper.
The company descriptions are taken from the database or from examination of the portfolio company’s website.



must again face the scrutiny of investors to raise a discrete follow-on fund. GPs are rewarded for
performance implicitly through the ability to raise a new and potentially larger fund, and explicitly

through a convex compensation provision known as carried interest.

The implicit career incentives of venture capitalists differ from those of investment managers
in other asset classes in two important ways. First, as demonstrated empirically by Kaplan and
Schoar (2005) and confirmed in this paper, the positive relationship between venture capital fund
performance and the size of the next fund is concave, with most of the relationship driven by the
failure of some GPs to raise any follow-on fund. Thus, career concerns in venture capital tend to
discourage risk-taking. Second, because venture capital funds have a limited amount of capital and
attracting new capital is time consuming, GPs often secure commitments for a follow-on fund while
still making investment decisions for the current fund. With commitments for the next fund in
hand, GPs are less affected by career concerns, and thus able to maximize the value of the current

fund.

I formalize this intuition with a simple, two-period model of a venture capital fund in which a GP
chooses investments to maximize the expected payoff from raising a follow-on fund and continuing
his or her career managing venture capital. In each period the GP must choose between an efficient
investment opportunity, and two lower-NPV alternatives. The alternative investments allow the
GP to strategically choose their portfolio variance by increasing or decreasing the probability of
realizing a “moderate” return with a corresponding adjustment to the probability of extremely high
and low returns.? The tension in the model is that so long as the loss in NPV isn’t too great, the
GP’s optimal strategy is to select the alternative investment whose probability distribution places

the most weight on outcomes which will result in a new fund.

The model highlights several additional features of implicit compensation in the venture capital
markets, which may generalize to other settings. First, investors in the model are rational. They

update their beliefs about GP skill after observing realized returns each period. Second, the value

3With the skewed distribution of venture capital returns, “moderate” returns may in fact be very high. The
intention is to model the trade-off between extremely risky gambles, and those which offer a higher probability for
more modest success. A useful analogy might be to consider a baseball player in a slump who swings less aggressively,
trading off the possibility of hitting home runs in hopes of hitting more doubles and triples to raise his batting average.



of a follow-on venture capital career is not a smooth function of investor’s beliefs about a GP’s
skill. A large jump occurs as the GP crosses the threshold of just being able to convince investors
to finance a follow-on fund. Relative to this jump, the investor’s perception of “moderate” returns
as evidence of skill determines the GP’s choice of portfolio risk. When “moderate” returns are not
sufficiently indicative of skill, the GP essentially faces a convex payoff function. Only extremely
high returns will result in a new fund; thus, the model produces the typical intuition that career
concerns promote risk-taking. However, when “moderate” returns are sufficiently indicative of skill,

the GP faces concave incentives and will correspondingly choose the least risky portfolio.

There is reason to suspect that the venture capital industry represents a case in which career
concerns discourage risk-taking. Industry participants describe encountering funds that earn the
majority of their returns from one or two home run investments. In evaluating the manager of
such a fund it is difficult to determine whether high returns should be attributed to skill or luck.
Given these concerns and the high skewness of venture capital returns, GPs may well be willing to
trade off some probability of extremely high returns for an increased probability of relatively good

returns.

In addition to characterizing the direction in which career concerns influence portfolio risk, the
model generates predictions on how the influence of career concerns evolves over the course of the
fund. By allowing for early fund raising, the model generates a pattern of investments, similar to
the effect noted in the mutual fund literature. This allows some GPs, those who have performed
well in their initial investment, to escape the influence of career concerns and simply choose the
efficient investment in the second period. The empirical implication is that a GP’s early fund
performance should be positively related to the riskiness of the portfolio selected with the fund’s

remaining capital. This effect should be concentrated among less experienced GPs.

I test the model using a unique proprietary data set covering the investments of 181 venture
capital funds. The data was obtained from Neuberger Berman, a global alternative asset manage-
ment firm with over 30 years of venture capital experience. Unlike commercial data sets, this data

includes the quarterly cash flows and valuations for every portfolio company investment of a large



sample of venture capital funds. To my knowledge this is the first venture capital data set in the

literature to contain detailed cash flow information at the portfolio company-level.

Despite access to a particularly well suited data set, estimating the relationship between fund
performance and the volatility of subsequent investments remains challenging. Unlike public in-
vestments, for which we observe the time series of i.d.d. returns, private investments generate a
single observable return when the fund exits.* I implement a maximum likelihood approach which
identifies the effects of previous fund performance on the volatility of subsequent investments using
the common variation in the difference between the realized return and predicted mean return
across the sample of portfolio companies.? The approach takes the volatility of each investment as
a latent variable. The resulting model is similar to the feasible generalized least squares approach
to regression with heteroskedasticity.® However, in this instance the parameter estimates in the
variance equation are the objects of interest, rather than an intermediate step necessary to correct

for heteroskedasticity.

My main finding is that following good performance early in a fund, GPs pursue a more risky
investment strategy with their remaining capital relative to their poor performing colleagues. This
is accomplished by investing in more volatile portfolio companies and by allocating their remaining
capital amongst a smaller number of investments (diversifying less). These effects are particularly
concentrated among inexperienced GPs. For a GP operating their first fund, three years into the
fund’s life, an increase of 10% in the reported internal rate of return of the fund corresponds with
a 16% higher variance of future portfolio company investments. The same increase in performance
corresponds to a 7% increase in the initial size of portfolio company investments, resulting in less
diversification. In addition, I confirm that the characteristics of implicit compensation conform

with the assumptions of my model. The size of the next fund is concave, with the effect largely

1The difficulty created by this distinction becomes clear in comparison to the mutual fund literature, where
estimating the relationship between previous performance and subsequent risk-taking relies on the time series volatility
of daily mutual fund returns. The volatility of daily returns can be taken as directly proportional to the volatility of
the mutual fund manager’s 6-month or 1-year portfolio strategy given that the returns are assumed to be i.i.d.

5The actual identification is slightly more subtle as the maximum likelihood approach jointly estimates the param-
eters for the mean and variance. However, the difference between the predicted mean and realized return captures
the intuition for how the parameters related to variance enter the likelihood equation.

SThe approach differs from the textbook FGLS approach by allowing the mean return to be linearly related to
the variance, and by allowing for truncation at -100% return.



driven by the GPs who fail to raise a new fund. The speed at which GPs raise a new fund is also
related to performance, with a 10% increase in the fund’s internal rate of return resulting in a

factor increase of 1.07 to 1.36 for the speed at which GPs raise a new fund.

This paper relates to the growing literature investigating the incentives of venture capital and
private equity fund managers. Chung, et al. (2012) use fund-level data from Prequin to estimate
that implicit pay-for-performance in a first-time venture capital fund is of a similar order of mag-
nitude to the explicit pay-for-performance derived from the carried interest option. This study
expands upon their work by linking implicit pay-for-performance to the investment decisions of
managers. In a closely related study, Ljungqvist, Richardson and Wolfenzon (2007) use a sample
of portfolio company investments made by buyout private equity funds to investigate a manager’s
propensity to risk shift in response to implicit incentives. This study differs from theirs in that
they model implicit compensation as a convex function of performance. Their intuition is that
funds which have performed poorly will be unable to raise any new fund unless they “catch up”
by choosing volatile investments. Empirically, I show that in venture capital implicit incentives
are concave in performance and discourage risk taking. However, my results do not rule out the
possibility that a small number of funds may perform poorly enough in early investments that they
may expect to fail to raise a new fund without dramatically improving performance. These funds,

which may seek out more risk, do not appear to be prevalent in my sample.”

The remainder of this paper is organized as follows. Section 2 describes the stylized model, which
motivates the empirical tests. Section 3 describes the fund-of-funds data and offers a comparison
of the sample with commercial data sources. Sections 4 and 5 present the main empirical results

concerning implicit incentives and portfolio risk, respectively. Section 6 concludes.

"Such a non-monotonic relationship would be consistent with the model of Zwiebel (1995) who shows that under
relative performance evaluation, high and low talent managers may pursue risky strategies, while managers with an
average level of talent may prefer to behave conservatively.



2 A Model of Venture Capital

The model represents a venture capital fund as a sequence of two investment periods, after which a
successful GP will continue their career by raising a new fund. The timeline of the model is depicted
in Fig. 1. At ¢ =1 and t = 2 the GP invests the fund’s capital in investment opportunities. The
GP chooses investments in each period while trying to maximize the expected value of the implicit
compensation they will earn from performing well enough to raise a follow-on fund and continue
their career as a venture capitalist. Fund-raising for the follow-on fund can take place at t = 2
or at t = 3. Raising committed capital for a follow-on fund prior to exhausting the capital of the
current fund is typical feature of the venture capital industry. Allowing early fund-raising in the
model at t = 2 allows comparison of the investment decisions of funds who are able to secure early

commitments for a follow-on fund, with those who are still subject to career concerns.

2.1 Investments

The model represents changes in the variance of a GP’s investment portfolio as deviations relative
to a standard investment. The standard investment yields a payoff csq € {0, X,2X} according to

the following pdf:

p

ot + & Csta = 2X
Pr [Cstd = Cstd] = (1 — Oé) t; + g Coa=X (1)
\1_ti_p Cstd:0

t; is a parameter measuring the skill of the GP, which positively affects the likelihood of both
a modest and very high payoff. Parameters a and p jointly determine the extent to which the
likelihood of each payoff is determined by skill or luck. These parameters play an important role in
the model because investors, rationally updating their beliefs about the GP skill, will be more likely
to invest a new fund when the observed outcomes of the current fund are heavily dependent on skill.

The parameter « represents the extent to which a very high outcome (2X) is more skill dependent



than a modest outcome (X). At the extreme, when « is 1, the investors learn nothing from
observing cs;g = X, and thus will maintain the same beliefs about the skill held prior to observing
the result of the current investment. Similarly, both the outcomes cgq = X and cgq = 2X become
less informative about GP skill as p, the component of each outcome attributable to luck, increases.
When p is very high, good outcomes are not very informative about the GP’s skill, but the outcome

cstg = 0 is very indicative that the GP is poorly skilled.

In each period the GP has a choice between taking the standard investment, or selecting one of
two alternative investments. The alternative investments allow the GP increase or decrease risk,
which, under many parameter values, improves the probability of raising a new fund. For example,
for some parameter values, the only outcome that would result in a new fund is co = 2X; thus, the
GP may benefit from taking a more risky investment, which improves the chance of a very high
outcome.® However, the ability to act strategically comes at a cost, as both alternative investments
offer a smaller NPV than the standard investment. The alternative that places less weight on the

extreme outcomes, which I will refer to as the safe investment, has the following pdf:

a(ti—ﬁ)‘i‘g_’Y Csafe:2X
Pr [Csafe: safe] = (1—0[) (ti—e)—f—g—i—Q'y Csafe:X (2)
1_(ti_€)_p_'7 Csafe:0

The investment with higher variance than the standard investment, referred to as the risky

investment has the following pdf:

a(ti—e)—i—g—l—’y Crisky:2X
Pr [Crisky = Cm'sky} = (1 — Oé) (ti — 6) + % — 2y Crisky =X (3)
1_(ti_6)_p+7 C’riskyzo

8The solution is complicated by the fact that investors rationally anticipate the GP’s investment decisions. While
relative to the standard investment the risky investment results in a high probability of realizing co = 2X, this
outcome becomes less informative about GP skill and may no longer be sufficient to raise a new fund. The solution
provided in Appendix A considers these effects and the resulting mixed strategies in detail.



The alternative investments differ in volatility by adding, or subtracting, v to the extreme
outcomes 0 and 2X, and adjusting the probability of the X accordingly. This adjustment alone
does not lower the NPV of the alternative investments relative to the standard investment. To
evaluate the ability of career concerns to create agency conflicts it is assumed that the GP is less
talented at choosing or operating these alternative investments, such that the effect of their skill
is reduced by an amount €. This way of modeling a negative effect of deviating from the standard
investment opportunity is meant to suggest that GPs have a competitive advantage in certain
types of investments. Deviating from these investment to pursue a portfolio with a more favorable
distribution for raising a new fund is likely to reduce the effect of GP skill on the investment
outcome. In practice LPs frequently express their concern that poorly performing GPs are straying
from the fund’s stated investment plan into markets where the GP’s background is unlikely to
provide sufficient competitive advantage. Figure 2 plots the pdf of each type investment the for an

average GP under certain parameter values.

2.2 General Partner Skill

GP skill can be interpreted as both the ability to select portfolio companies with good prospects
and the ability to exert a monitoring influence, making it more likely a given portfolio company
will succeed. In the model there are two types of GPs, good and bad, which are in equal proportion
in the population. Neither the GP nor LP have private information about the GP’s type and both
will update their beliefs according to Bayes’ rule, given the performance of the fund’s investments.
The skill of each GP is given by a parameter ¢;, where bad and good types have skill ¢, =t and

tgooda = t + Aty respectively, with Aty > 0. initially:



2.3 Compensation and Career Concerns

Both the GP and LP are assumed to be risk neutral with the discount rate normalized to 0. In the
base version of the model, the GP’s pay for managing the current fund is assumed to be a constant,
paid at the beginning of the fund, and not sensitive to performance. This simplification allows the

model isolate the effects of implicit career concerns.

Implicit compensation represents the expected value the GP will receive from raising and oper-
ating follow-on funds. For simplicity the value of these future wages is summarized by a constant,
F, which only accrues to GPs who successfully raise a new fund. The outside option of a GP
who is unable to raise a new fund is normalized to zero. Investors will be willing to finance a
follow-on fund whenever the expected value of a GP’s skill meets or exceeds the expected skill of
a GP drawn randomly from the population. The resulting relationship between performance and

implicit compensation for GP ¢ is the following step function:

F Prit, =t+ Aty] > 1/2
Vi, GP career = (5)

0 Prlti=t+At,] <1/2
The choice to represent the career concerns as a step function is motivated by empirical findings
that suggest that the relation between fund performance and the size of follow-on fund is concave,
and that the concavity is largely driven by the failure of some GPs to raise a new fund. Empirical
results in Section 4 suggest that the concave relation holds in this study’s sample. Modeling this
relationship as a step function is a tractable method of obtaining the important feature of the data:
that crossing over the threshold required to raise a new fund is far more valuable than the marginal

increase in fund size thereafter.

Note that in the timeline depicted in Fig. 1 the venture capitalist can raise a follow-on fund after
realizing only one investment. This closely follows the fund-raising environment faced by venture
capital GPs. Raising a follow-on fund is a time-consuming process that often starts long before

the committed capital for the current fund has been fully invested. Aside from raising the largest

10



fund possible, the goal for the GP is to have a seamless transition from one fund to the next, so
that they are not forced to ration capital. In the model there is no explicit penalty for waiting
for two periods to raise a follow-on fund. However, the functional form of implicit compensation
guarantees that raising a new fund after one period is, at least, weakly preferred to waiting for the
result of the second investment. Good performance in the second investment will not increase the
size of the follow-on fund, but for some parameters, a bad result could cause investors’ perception

of the GP’s skill to fall below the threshold required to raise a new fund.

11



2.4 Model Results

The model’s main results demonstrate the connection between implicit incentives, the timing of
fund-raising and the pattern of investment in venture capital funds. A detailed solution to the

model is given in Appendix A.

Result 1. In the first period the GP will select the safe investment. Following a successful first
investment, c1 > X, the GP will immediately raise a new fund and select a standard investment in

the second investment period.

Proof. See Appendix A. O

Result 1 demonstrates how career concerns affect early investment decisions and fade following
good performance early in the fund. Early in the fund there is a strong incentive to select safe
investments because any success will be sufficient to improve the LP’s beliefs about GP skill.
Because fund-raising can be conducted before the second investment is made, successful GPs have
the opportunity to lock-in a follow-on fund; thus, their second investment decision is not constrained
by career concerns. The critical assumption is that there is little benefit to demonstrating talent
through additional success, while the failure of subsequent investments could prevent the GP from

raising a new fund.’

When ¢; = 0 the GP cannot immediately raise a new fund. They must face a choice between
taking the standard investment, which would maximize the value of the current fund and selecting
one of the alternative investments, which may increase the probability of an outcome which would
allow him to raise a new fund at ¢ = 3. Result 2 demonstrates that unless the loss of NPV for
the alternative investments is particularly bad, the GP will always select one of the alternative
investments, provided they do not face a situation where they cannot raise a new fund regardless

of the outcome of the second investment.

Result 2. There exists € > 0, such that for € < €, in any equilibrium which contains positive

9This result will hold in the case where the GP is able to raise a larger fund with additional good performance,
so long as the increase in fund size is not high enough to outweigh the potential losses from poor performance.

12



probability of the GP raising a new fund following ¢c1 = 0, the GP will always pursue one of the

lower NPV, alternative strategies with some positive probability.

o For any pure strateqy equilibrium in which the GP selects the risky investment following
c1 = 0, the outcome co = 2X must be sufficiently informative about the GP’s type for the
investors to grant a new fund, while the outcome co = X must not be sufficient to raise a new

fund. This requires that:

— «, the relative effect of skill on the probability of very high returns, is large.

— p, the extent to which positive returns depend on luck, is moderate

—t+ %, the average GP skill level, is moderate.

o For any pure strategy equilibrium in which the GP selects the safe investment following ¢1 = 0,
the outcome co = X must be sufficiently informative about the GP’s type for the investors to
grant a new fund, while the outcome co = 2X may or may not be sufficient to raise a new

fund. This requires that:

— «, the relative effect of skill on the probability of very high returns, is low.

— p, the extent to which positive returns depend on luck, is low

- t+ %, the average GP skill level, is low.

Proof. See Appendix A. O

Figure 2 depicts the regions described in Result 2 for a representative set of model parameters.
The first part of the result suggests there are only two conditions when the GP will play a pure
strategy of selecting the standard investment. The first is when there is no chance of raising a new
fund. This occurs when t + % is high, and adverse effect of learning that the initial investment
was a failure cannot be overcome by a successful investment. The second condition under which

the GP will select the standard investment is when the reduction probability of a high outcome

due to € is so severe that it swamps the effect of taking safe or risky projects. For moderate levels

13



of €, as depicted in figure 2, when it is feasible to raise a new fund for some outcome of co, the GP

will always select one of the alternative investments with some positive probability.

The model suggests that the effect of the current fund’s early performance on risk-taking toward
the end of the fund is determined by the characteristics of venture capital investments. The model
predicts that if very high outcomes are highly attributable to skill, while moderate outcomes are
more dependent on luck (i.e. « is close to one), then we would expect that venture capitalists
should exhibit the same “gambling for salvation” behavior that has been observed in the mutual
fund and hedge fund literature. If, instead, moderate success is likely to be rewarded with a new
fund, then venture capitalists performing poorly in the first should select safer investments of the

sort described in the introduction.

Before proceeding with the empirical test, it is worth considering the effect of explicit compensa-
tion for performance in the current fund, which is not included in the model. Explicit compensation
in venture capital consists largely of a flat management fee and a convex bonus, known as the car-
ried interest option. If convexity of carried interest has a large effect on the behavior of the GP we
would expect it to occur in the region where the GP no longer has the option to raise a new fund.
While it does not occur in the model it might be possible that the GP takes risky investments when

his prior performance is so bad that he will not be able to raise a new fund.
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3 Data

The empirical tests of the model’s implications use a unique data set consisting of all the individual
portfolio company investments of 181 venture capital funds. The data was provided by Neuberger
Berman, a global alternative asset management firm which manages approximately $11 billion in
private equity commitments which are invested through its fund-of-funds business. The sample
includes venture capital funds that received an investment from the firm between 1981 and 2003. I
exclude secondary investments (those which were purchased from an existing LP), investments in

sidecar funds and funds with less then five portfolio companies.

Table I gives the descriptive statistics of the funds and their underlying portfolio companies.
Panel A describes the moments of the data at the fund-level. The GP of the median fund in the
sample has operated 3 previous funds, with the largest having operated 26 previous funds.'® 29
of the funds, 16%, are managed by a GP operating their first fund. Fund size is measured as the
capital committed to the fund in millions with a median value of $118 million. Unlike many other
investment vehicles, venture capital funds don’t immediately collect funds from investors. Instead,
the fund receives commitments from the LPs; which are called by the GP over the investment

period as required.

I measure the performance of individual investments and performance of the fund’s entire port-
folio using a modified internal rate of return. This is an alternative to the typical internal rate of
return, which is consistent across the 7% of the portfolio companies and 52% of the fund-quarter
observations that exhibit more than one change in cash flow sign.!! To calculate the MIRR, I
discount all negative cash flows back to the initial investment date using the five-year treasury
rate in the month prior to the initial investment. The intuition behind using long-term treasury

rates is that the resulting discounted cash flow represents the amount that the fund would have

0This count includes all previous funds for a GP, including geographic and industry focused funds. The count
was gathered from VentureXpert and the fund-of-fund’s records. In many cases the previous experience was imputed
from the series number of the funds (i.e. the GP of the fictional fund ACME VII LLP would be assumed to have six
previous funds)

" Cash flows with multiple sign changes result in multiple or non-existent internal rates of return. Variations on the
modified IRR method are recommended in widely-used introductory finance textbooks such as Parrino and Kidwell
(2009) and Ross, Westerfield and Jordan (2010). The results presented are robust to using Modified IRR only when
an IRR does not exist.
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been required to set aside in a risk-free security in the event they could perfectly anticipate the
expected follow-on investment needs. This variation of MIRR avoids throwing out the observations
with multiple sign changes over the cash flows, while minimizing the impact of assumptions about
discount rates, re-investment rates, etc. The median final MIRR of funds in the sample is 13.9%. I
also report Total Value to Paid-in (TVPI), a multiple commonly used in the private equity industry.
TVPI is formed by taking the un-discounted sum of cash flows returned from an investment plus
the valuation of any unrealized claim, and dividing by the total cash flow in to the investment. The
median fund TVPI for the sample is 1.9. Kaplan and Schoar (2005) has performance data on 577
venture capital funds taken from the Venture Economics database over a the period from 1980 to
2001. Compared to the Venture Economics sample, the funds in this sample are somewhat larger,

with more experienced GPs, and exhibit better performance.

A natural concern about this sample is that selection bias may influence the results of my tests.
While I acknowledge that the results may be interpreted as pertaining predominantly to the larger
venture capital funds represented in the sample, sample selection is unlikely to significantly affect
the results for several reasons. The first reason is that the tests that are the focus of this paper
are cross-sectional. For selection bias to have an effect, the provider of the data would need to
express a bias toward the type of funds for which the effect of performance in the fund’s early
investments is more important than in the population of funds. However, this seems more likely
to be the case for smaller funds, not the larger ones represented in the sample. In addition, there
is some heterogeneity in fund size. 46.4% of the venture capital funds in the sample are smaller
than the $103 million mean venture capital fund size in the Kaplan and Schoar (2005) Venture
FEconomics sample. Lastly, although all the funds in the sample share the common characteristic
that they were selected by the firm providing the data, the firm administers separate accounts for
some institutional clients who may have different investment objectives. As a result, there may be

some heterogeniety in the criteria which was used to select funds into the sample.

Panel B also contains summary statistics on the follow-on funds raised by GPs in the sample.
84% of funds in the sample raise a follow-on fund. The dates and size of the follow-on fund are

gathered from the sample itself when possible, or from VentureXpert, which contains information
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on the first closing date and committed capital of selected funds. There are eight funds for which
I am able to confirm that the GP raised a new fund, but do not have sufficient information on the
date or size of the new fund. These funds are excluded from the analysis of follow-on fund-raising.
The median new fund was raised after 3.4 years of operating the current fund. The median increase

in fund size, measured as a ratio of the capital committed to the current fund, is 1.5.

Panel C of Table I lists the summary statistics at the portfolio company-level. The data consists
of the quarterly valuations and cash flows between each venture capital fund to its portfolio company
investments, obtained from the quarterly reports of venture capital funds to their LPs. Because
this sample has the actual cash flows and exit dates, I can calculate the return of each individual
investment, which represents a significant advantage over VentureXpert and other commercial data
sources.'? The median initial investment is $2 million. Venture capital investments are often staged
in multiple rounds of funding. Size increase represents the factor increase in capital invested in
each portfolio company over follow-on rounds. The amount of follow-on funding offered to portfolio
companies is right skewed with a mean of 1.5 and a median of 0.2. Holding period represents
the amount of time in which each portfolio company is held, and is calculated using only realized
investments. Fund Age lists the age of the fund in years when each investment was made. The
median investment is made 1.8 years from the closing of the fund.!> Holding period represents the
amount of time in years between the fund’s initial investment and exit from the portfolio company.
The holding period is calculated using only investments that have been fully realized (i.e. the fund
has exited the investment). The 5.3% of investments which are not fully realized represent both
active operating companies and assets like patents, which are still held under a portfolio company
name, but for which no buyer has yet been found. Previous academic work on private equity
has taken different approaches to handling these long lived, still active investments. Kaplan and
Schoar (2005) use the reported valuation of these assets, adding them to the final value of the fund,

while Gottschalg and Phallipou (2009) write off their value. For estimates of portfolio company

12For example Cochrane (2005) merges the VentureXpert data with the SDC Platinum IPO and merger databases.
He is only able to obtain the final value of 2/3 of the firms that eventually IPO, 1/4 of the firms that are acquired
and none of the firms which have another outcome such as a liquidation.

13The maximum value for Fund Age at the time of investment is surprisingly high 13.9 years. This represents a
small tail of outliers as the 95th percentile of investments is 5.5 years. All the results presented in the paper are
qualitatively unchanged if the investments made after 5.5 years are excluded.
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performance presented in this paper, I take the Kaplan and Schoar approach. However, the results

are robust to excluding all unrealized investments.

Note that the mean and median MIRR are slightly negative and the median TVPI is less then
one. This indicates that the median portfolio company investment returned less capital than was
invested in the firm. However, because of the skewness of returns and the properties of aggregating
across multi-year portfolio investments, the result is not inconsistent with the positive aggregate

portfolio returns given in Panel A.™

Table II shows the properties of funds in the sample by the vintage year in which the fund was
raised and the comparison sample of funds listed in VentureXpert. The observations of the sample
are concentrated in the late 1980’s and late 1990’s. However, this variation appears to represent the
general trend in venture capital investment, rather then an artifact of this sample. The last column
expresses the capital committed to funds in the sample as a percentage relative to the universe of
funds contained in VentureXpert, the leading commercial source of portfolio company-level data.
To obtain the VentureXpert sample I select all funds identified as venture capital funds with five
or more portfolio company investments. I then exclude all funds run by organizations other than
private equity firms (e.g. corporate venture capital, insurance agency affiliate funds, etc.) The size
of the sample is relatively large, representing 41% of the commited capital in VentureXpert funds,

with a tendency to tilt toward larger funds.

1For example, consider a fund investing in three equal sized investments that all last two years. Two investments
are a total loss (-100% MIRR), while the other is sold for three times the original investment (73% MIRR). The mean
MIRR among portfolio companies is -63.5%, while the MIRR, of the portfolio is 0%.
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4 Implicit Incentives

In the first series of tests, I establish the relation between early fund performance and the size and
timing of the follow-on fund. Observations of follow-on funds are obtained from instances when
the GP’s next fund is also in the sample, from VentureXpert or from a search of Factiva for news
articles related to a follow-on fund. Combining these sources I’'m able to identify 152 instances were
the GP was able to raise a follow-on fund. The following analysis excludes eight observations where
I identify the existence of a follow-on fund, but am unable to locate specific information regarding

its size or closing date.

4.1 Concavity of Implicit Incentives

A key assumption of the model is that the implicit career incentives of venture capitalists are
concave with respect to the performance of the current fund, with most of the effect occurring at
the extensive margin when crossing the threshold required to raise a new fund. This assumption
about the functional form of implicit incentives drives the risk-averse behavior of GPs who still face
uncertainty about their ability to raise a new fund. Table IIT and Table IV test this assumption by

comparing the response of the GP’s career outcomes to performance.

Table III reports results from a probit regression that estimates the relation between current
fund performance and the existence of a follow-on fund. The dependent variable is an indicator for
whether the GP raises a follow-on fund. The explanatory variable of interest is the MIRR of the
GP’s current fund, measured three years into the fund’s life.!> This measure is formed using the
complete portfolio of all investments selected by the GP prior to the third year of the fund. The
holding value reported by GP in the quarterly report to LPs is used to value unrealized investments.
Prior experience of the GP is represented by the natural logarithm of the number of previous funds
raised. If the effect of current fund performance on the ability of the GP to raise a new fund

reflects changes in investors’ belief about the skill of the GP, the effect is likely to be larger for

15Results obtained using the MIRR taken at two and four years into the current fund produce very similar results
to those which appear in Table III.
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inexperienced GPs about whom investors have very weak prior beliefs.

Model 1 of Table III reports results of a specification which includes dummy variables for the
vintage year of each fund. This results in the exclusion of 28 observations for which these vintage
year dummies perfectly predict the existence of a follow-on fund. Model 2 presents results with
vintage year dummies excluded.'® In both models the coefficient on MIRR is positive and signif-
icant. The interaction between MIRR and experience is negative, suggesting that the additional
probability of raising a new fund with performance declines with experience. The marginal effects
of MIRR, which are reported at the bottom of Table III, are economically significant, particularly
for inexperienced GPs. For a GP with no previous experience, a 1% increase in MIRR results in
an additional 1.3% probability of raising a new fund. The results suggest that the ability of a GP

to raise a follow-on fund is positively related to early fund performance.

Table IV proxies for the expected value of a continued career as a venture capitalist (F' in the
model) with the increase in fund size from the current fund to the follow-on fund. The increase
in fund size is calculated as the ratio of capital committed to a follow-on fund, divided by the
committed capital of the current fund. I regress the increase in fund size against MIRR; 1, the
MIRR of the current fund calculated in the quarter before the follow-on fund is raised. Because we
may expect that small funds have more opportunity to grow than large funds, the natural logarithm
of fund size is included as a control variable, as is the natural logarithm of the number of previous

funds raised by the GP.

Models 1 and 2 of Table IV present the results using all funds in the sample. GPs who failed
to raise a follow-on fund are assigned a size increase of zero. These observations use the MIRR
calculated five years after the start of the current fund. Model 1 reports ordinary least-squares
results. Model 2 uses a Tobit analysis to account for the censoring effect when no follow-on fund
is raised. The marginal effect of MIRR is reported in the lower portion of the table for GPs with

zero and three previous funds and other variables set to their sample means. In both models the

16Results are presented with and without vintage year dummy variables to demonstrate the robustness of the result.
Probit models with fixed effects, such as the one considered in Model 1, offer a control for unobserved heterogeneity
across vintage years, but the resulting estimates are known to be inconsistent in the econometric sense. See Greene
(2008) p.800 for a discussion.
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relation between fund size and current performance is statistically and economically significant.
The results from Model 2 indicate that at the sample mean the marginal effect of an additional 1%
increase in MIRR results in 0.75% positive change in the size increase from the current fund. The
results also demonstrate that the relation between current fund performance and follow-on fund
size is concave, but the decrease in slope with higher fund performance is modest. In both cases
the squared term is significant at the 10% level, and roughly one-twentieth of the magnitude of
the linear term on MIRR. The standard deviation of MIRR in the quarter prior to the closing of
a follow-on fund is 81.9%. The Tobit result suggests that for a GP with no previous experience, a
one standard deviation increase in MIRR reduces marginal effect of performance on fund size by
roughly 5% relative to the marginal effect at the mean (0.75 vs. 0.721). Measured this way the

concavity has modest economic significance.

Model 3 presents the results of an ordinary least-squares regression that only includes managers
who successfully raised a new fund. The intuition behind this estimate is to examine whether
the relationship between follow-on fund size and performance is primarily driven by the extensive
margin (the ability to raise a fund, or not, demonstrated in Table III) rather than the intensive
margin (an increase in fund size conditional on raising a new fund). When the GPs who failed to
raise a new fund are dropped, the marginal effect associated with MIRR is insignificant and the
point estimate is small. This suggests that the relationship between current fund performance and
follow-on fund size is very weak conditional on raising a new fund. The results in Table IIT and
Table IV provide evidence that the model’s assumption that career incentives are largely driven
by the jump as a GP crosses the performance threshold required to raise a new fund is a plausible

representation of the empirical features of the data.

4.2 Timing of Implicit Incentives

The evidence in the previous section shows that implicit career incentives are largely determined by
the discrete impact of crossing the threshold required to raise a new fund. Conditional on raising

a new fund, the additional marginal benefit for performance is small. Given these conditions, it is
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intuitive that a GP will raise a follow-on as soon as his track record of investment permits. This
intuition is formalized by Result 1 of the model. In this section I examine the empirical relationship
between current fund performance and the speed at which GPs raise a follow-on fund. I employ
a Cox proportional hazard model. This semi-parametric approach allows me to avoid specifying a
functional form for the baseline hazard model, while retaining an easy-to-interpret parametric form
for the proportional effects of the explanatory variables.!” In the Cox model, the functional form
of the hazard rate is given by:

A (ti, i) = €PN (£) (6)

A (t;, z;) represents the hazard rate at which firms with characteristics x; at time ¢; raise a new
fund. Ag (¢;) represents the baseline hazard rate at which GPs raise a new fund ¢; periods into their

current fund.

The dependent variable is the duration of time from the first closing of the current fund until
the first closing of a follow-on fund, measured in years. As in the previous analysis the independent
variable of interest is MIRR;_1. The interaction effect with the age of the fund is included because
over time, as investments are realized, the MIRR is likely to be more informative about the GP’s
skill. In addition, I examine the interaction effects of the GP’s previous experience. As experience
increases, the effect of MIRR on the speed of raising a new fund should diminish as investors have
stronger priors about the GP’s skill. Finally, to control for exogenous changes in the market appetite
for investing in venture capital, I include the count of the number of funds listed in VentureXpert
raised in the year prior to the current quarter. Models 3 and 4 stratify the sample by vintage year
to provide additional evidence that heterogeneity in the fund-raising environment is not driving

the result.!8

Table V presents the results from the duration model. The coefficients presented in the upper

section of the table represent the estimates of S from Eq. 6. While it is common for authors to

"The Cox proportional hazard model is a common model of duration spells. Examples of its use in the venture
capital literature include Hellman and Puri (2000, 2002) and Lerner, Shane and Tsai (2003).

18Stratification by vintage year allows for different baseline hazard functions for each vintage year, while requiring
the coefficient estimates to be the same across years. As a result, nothing is identified from the four vintage years
that contain only one venture capital fund.
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report the hazard ratio, e®, associated with each coefficient, the many interaction terms used in
this instance make this interpretation of these values difficult. Instead, I report the proportional
increase in the hazard rate associated with a 10% increase in MIRR;_1. This increase must be
evaluated at a particular value of fund age and GP experience because the measure includes all the
interaction effects associated with a change in MIRR;_1. Results are reported for a GP who is in
the third year of the current fund (the median follow-on fund is raised 3.4 years into the current
fund). To compare the effect of experience, I calculate the marginal effect separately for a GP

raising his first fund, and a GP with three previous funds (the sample median).

The results indicate that the performance of the current fund has a strong positive impact on
the rate at which the GP will raise a new fund, and that this effect is much stronger for GPs
who have less prior experience. While the coefficient in all models on MIRR; i is negative, the
coefficient on the interaction between MIRR;_1 and Fund Age is positive, such that the marginal
effect of MTRR; 1 is nearly always positive. In Model 1, an increase of 10% in MTRR; 1 results
in a statistically significant increase in the hazard rate of raising a new fund in year 3 by a factor
of 1.10. Model 2 takes into account the additional effect of GP experience. The triple interaction
term between MIRR; 1, Fund Age and previous funds is negative and significant. This suggests
that for experienced GPs, for which there exists a long track record, the current fund’s performance
never achieves the impact on fundraising that it has for inexperienced GPs. This is reflected in
the large and statistically significant difference between the effect of MIRR; 1 in year 3. A GP
operating his first fund will see a 1.36 increase, while a GP operating their fourth fund will only see
an increase of 1.07. Models 3 and 4, which implement the stratification by vintage years, produce

results similar to Models 1 and 2.
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5 Portfolio Risk

Having established that GPs with positive early performance are more likely to raise a new fund,
it remains to be shown that these GPs will pursue more risky strategies relative to their poor-
performing peers. This section empirically tests the model’s prediction about the intra-fund pattern
of investments by looking at the relationship between initial fund performance and the character-
istics of the GP’s subsequent investments. I explicitly evaluate two channels by which the GP
can select a higher variance portfolio. In Section 5.1 I demonstrate a positive correlation between
early fund performance and the individual variance of subsequent portfolio company investments
selected by the GP. Section 5.2 demonstrates a similar relation between early fund performance and
the size of subsequent investments (implying less diversification).!? Section 5.3 provides additional

evidence that these individual channels effect the variance of the fund’s aggregate portfolio.

5.1 Portfolio Company Volatility

This section investigates whether the performance of previous investments is related to the volatility
of subsequent investments. This corresponds to the intuition from the model that, absent career
concerns, GPs will seek out more volatile investments because they offer the highest expected

returns.

To investigate this hypothesis it is necessary to provide a test that evaluates differences in
variance across portfolio company investments. This analysis is challenging with venture capital
investments because we do not observe a time series of returns as we would with public securities.
We do observe the time series of valuations reported by the GP, but these are updated infrequently,

and the resulting measures will almost certainly be noisy and heavily biased toward low variance.

To evaluate the effect of past performance on the expected mean and variance of portfolio com-

pany investments, I evaluate the following empirical model using maximum likelihood estimation.

9Portfolio variance may also be increased by selecting more correlated investments. Given the nature of the data
developing a powerful test to investigate this channel remains difficult and may motivate further study.
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MIRR; ; = max [-100% , Bo+ B1 - IRRNASDAQ +7 - 07 + ve + 0" + €] (7)
€5~ N(O, O'ZQJ) (8)

07; =0+ ¢1 X aspag +0Xij +af 9)

The subscript ¢ is used to index individual GPs, while the subscript j represents individual
portfolio company investments. Each observation is the MIRR realized for one portfolio company
investment.?’ The variance of each investment is treated as a latent variable, which is imputed
by maximizing the likelihood function derived in Appendix B. In addition, the model accounts for
truncation at -100% return with a correction that is analogous to a Tobit model. The expected
return is driven by the cumulative return of an equal-weighted index of the smallest decile of
NASDAQ stocks available from CRSP, calculated over the holding period of the investment, and
the variance of the portfolio company investment. Placing a linear term of the variance in the
mean equation produces an estimate of the relationship between mean and variance suggested by
the model’s assumptions. In addition, the mean equation contains two sets of dummy variables.

Vintage year dummies, represented by 14, capture unobserved heterogeneity in the average return of

mean
K3

var

venture capital investments over time. GP dummy variables, « and o

, capture unobserved

differences across venture capital fund managers in the mean and variance equation respectively.

The variance is modeled as a linear function of characteristics X; ;, which include past perfor-
mance, age of the fund, GP experience and the interactions of these variables.?! As in previous
analysis, performance of the current fund is measured using M IRR; 1, the return to the GP’s cur-
rent fund measured the quarter prior to the portfolio company investment. Intuition suggests that
the interaction term between Fund Age and MITRR;_1 should be positive as the model predicts
that current fund performance should be related to the variance of investments late in the fund. In

addition, the specification includes a control for the volatility of public markets over the holding

20Bach observation in Eq. 7 is the final realized MIRR of one portfolio company. The main explanatory variable in
X;,; of Eq. 9 is the MIRR of the fund calculated from its previous investments.

2'Results from a multiplicative model, similar to Harvey (1976), where variance is modeled as an exponential
function of past performance and other covariates are qualitatively similar to the linear specification.

25



period. 012\, AspAg represents the variance of the cross section of cumulative returns of firms in
the smallest decile of the NASDAQ), calculated over the holding period of each portfolio company

investment.

Table VI presents the results from four different variations of the model. The first column
of each model presents the estimates in the mean equation, while the second column lists the
coefficient estimates of the variance equation. Panel A presents results with vintage year and GP
dummy variables included in the mean equation. Panel B presents results with additional GP
dummy variables included in the variance equation. Note that for investments made during the
first quarter of the fund’s operation the portfolio companies are assigned an M IRR;_ of zero. The

results are qualitatively similar when these investments are instead excluded.

The main coefficients of interest are the coefficients on MITRR;_1, Fund Age, and their inter-
action. As in the previous analysis, the marginal effect of MIRR; 1 involves several interaction
terms. For each model, the marginal effect of MITRR;_; is calculated separately at the bottom of
the table. The results in Model 1 suggest that a 10% increase in MIRR; 1 in the third year of the
fund is associated with a 0.048 increase in the variance of subsequent portfolio company investment.
This represents a modest 4.3% increase relative to the portfolio company variance across the entire
sample.?? Model 2 includes additional interactions with GP experience. The triple interaction term
between MIRR; 1, Fund Age and experience is negative, which suggests that the effect of early
performance on subsequent investment is smaller for more experienced GPs. The marginal effects
calculated at the bottom of Panel A bear this out. The estimated marginal effect of MIRR; 1 on
the variance of investments by a GP with no previous experience is 1.36, more than twice the effect
for a GP who has operated three previous funds. The difference between the two is significant at

the 1% level.

Models 3 and 4 in Panel B repeat the analysis with additional GP dummy variables included in
the mean and variance equation. The benefit of this specification is that it controls for unobserved
heterogeneity in the investments style of different GPs. The cost of adding these additional dummy

variables is that it becomes more difficult to identify marginal effects associated with GP experience.

22The mean variance is derived from the 105.3% standard deviation given in Table I.
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There are 43 GPs for which we observe only one fund in the sample. Because GP experience is
constant for each fund these observations add nothing to the identification of the effects of previous
experience. With the additional dummies included, the estimates of the effect of MIRR; 1 on
volatility are much larger. In Model 3, a 10% increase in MIRR;_1 results in a 0.18 increase
in the variance of each portfolio company investment. This represents a 16% increase relative to
the sample portfolio company variance. Similarly, the marginal effects of MIRR; 1 in Model 4
are larger than in Model 2. However, the difference in the marginal effect of MIRR; 1 across
different levels of experience is smaller and not statistically significant. This may be due to the
difficulty in identifying effects associated with fund experience given the inclusion of the dummies.
Alternatively, it may be that career concerns remain a strong influence for private equity firms with
significant experience. While GP is presented in the model as a single agent, funds are typically
administered by a group of individuals from a single private equity firm. It is common to see some
turnover among individuals serving as general partners from fund to fund, administered by the
same private equity firm. It is not uncommon for private equity firms with significant experience
to have some unseasoned general partners who may still be subject to career concerns. Finally, the
skills required to be a successful venture capitalist may change over time. Experienced GPs may
need to demonstrate their skill in new environments in order to raise new funds. There are several
examples of successful venture capitalists from late 90’s who have faced criticism for their failure
to invest in social media.?> To the extent that these GPs may find it difficult to raise capital for
web and social media focused funds, their investment choices in these sectors may be subject to

large implicit career incentives despite their long history investing in venture capital.

5.2 Portfolio Company Size

In addition to investing in more risky portfolio companies, general partners can increase the aggre-
gate risk of their portfolio by making larger investments in a smaller number of firms. Table VII
estimates the effect of previous performance on the size of portfolio company investments. The de-

pendent variable is the size of the initial investment in each portfolio company divided by the total

23See Tam and Fowler (August 29, 2011) for a recent example.
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size of the fund, then multiplied by 100. As in previous analysis, the main variables of interests
are MITRR;_1, Fund Age and the number of previous funds raised by the GP. A concern in this
analysis is that the very last investment of the fund may be determined simply by the amount of
the capital remaining, rather the dynamics of compensation. To mitigate this concern I identify
the last quarter in which each fund makes a new investment and remove all the investments in this

quarter from the analysis. This reduces the number of observations to 6,339.

The first two models of Table VII include fund fixed effects, while the Model 3 adds additional
fixed effects for the year each portfolio company investment was made. The effect of MIRR; 1
late in the fund’s investment period is largely driven by a positive and significant coefficient on the
interaction term between M IRR; 1 and Fund Age. The marginal effects listed in Model 1 suggest
that a 10% increase in MIRR;_; is associated with a 0.049% increase in the expected size of each
subsequent investment relative to the size of the fund. The economic significance of this result is
modest, given that the mean initial investment in year 3 is 2.4% of the fund’s capital. Models 2
and 3 demonstrate that the economic effect is much stronger for GPs who are operating their first
fund. Model 3 suggests that the effect of MIRR;_1 on the size of the initial investments in year
3 is roughly 3.5 times higher than for a GP with four previous funds. For a GP operating their
first fund, a 10% increase in MIRR;_, increases the expected size of each subsequent investment
by .17% of fund capital. This represents a 7% increase over the mean initial investment. This
result, that investments are larger as a percentage of fund capital, suggests that GPs pursue less

diversification following good performance of early investments.

5.3 Aggregate Portfolio Risk

Table VIII examines the intra-fund pattern of investment by simply sorting funds based on their
performance at given points in the fund’s life. Funds are assigned into cohorts representing two
year periods (e.g all funds in 1981-82).24 Funds are then ranked according an adjusted MIRR at
two and four years. Using the adjusted MIRR, which is formed by subtracting the cohort median

MIRR from the fund’s MIRR, is intended to account for differences in venture capital market

24Two year cohorts are chosen to make cohorts large enough to derive more meaningful rankings.

28



conditions over time. Funds that have less than 20% of their committed capital remaining or that
make less than three investments after the sort are eliminated prior to ranking. I examine the
aggregate performance of the portfolio of investments each type of fund makes after the sort. Each
observation represents the final realized performance from one fund’s entire post-sort portfolio of
investments, which is also adjusted by subtracting the median post-sort performance of other funds
in the same cohort. The model suggests that the High MIRR group should pursue a more risky

strategy, as these GPs are less likely to face problems when raising a new fund.

Panel A of Table VIII shows that funds that performed well in their early investment continue to
out-perform in their latter investments, though the difference of 51% is insignificant, with a p-value
of 0.216. The difficulty in having power to compare means stems from the large variance of both
groups. However, we observe a significantly higher standard deviation across the ex-post portfolios
of funds that performed well early on. An F-test of the 365% difference in standard deviation is
significant at the 1% level. Because the F-test for equality of variance is known to be particularly
sensitive to distributional assumptions Table VIII also report the p-value based on Levene (1960)’s
test of equality of variance. Levene’s test, which is more robust to distributional assumptions
than the F-test. shows the difference to be significant at the 10% level. The exceptionally large
difference between groups is partially driven by a large outlier in the high group. When the outlier
is omitted, the difference in mean falls to 12% and the difference in standard deviation falls to
20%. The difference in standard deviation remains significant the 1% level for the F-test, but
becomes insignificant under Levene’s test. Sorting the sample at 4 years produces results which
are less sensitive to outliers. The difference in mean favors the high group, with an 18% difference
in return. The large difference in standard deviation among both groups is significant at the 15%

level under Levene’s test, with the better performing funds pursuing more risky strategies.

While these results fit with the model’s intuition about declining implicit incentives following
positive early performance, there may be other explanations for this pattern. For example, the
results could reflect a world in which each GP pursues a constant strategy, with the more risky
strategies naturally resulting in higher expected returns. If this was the case, sorting on early

performance would naturally be similar to sorting on the GPs who pursued riskier strategies. This
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explanation suggests that the standard deviation of the pre-sort portfolio (the investments made
prior to the sort) should also be higher for the funds that perform well in their early investments.
Table VII shows no evidence of this effect. At two years, the difference in volatility across the pre-
sort portfolios is -8% with a p-value of 0.606 under Levene’s test. This suggests that the volatility
of portfolios the two groups chose prior to the sort were relatively similar. However, we observe
a statistically significant -7% difference in standard deviation across ex-ante portfolios at the 4
year point. This suggests that the low-performing group may have invested in higher variance
portfolios early in the fund. While the results in Table VIII follow from the model’s implications,
the results are clearly sensitive to outliers. In part this may be due to the low power of the test,
which must rely on a small number of observations. However, the results support the conclusions
of main analysis given in Tables VI and VII, that there exists a positive correlation between early

fund performance and risk-taking later in the fund.

6 Conclusions

As better data becomes available, the venture capital and private equity literature is increasingly
focused on understanding the economic incentives facing fund managers, and the resulting effects
on their portfolios. This paper uses a unique data set to document several new stylized facts about
these relationships. First, I confirm the finding in Kaplan and Schoar (2005) that the size of the
next fund raised by the GP is concave in the performance of the current fund, and I demonstrate
that this relationship is largely driven by the effect of successfully raising a new fund, rather than
an increase in fund size conditional on raising a new fund. Second, I show that the speed at which
venture capital GPs raise a new fund is positively related to the performance of their current fund.
Finally, I show that, following good performance early in the fund, venture capital GPs pursue

more risky portfolios by making larger investments in more volatile ventures.

As discussed in the introduction, these findings stand in contrast to the relationship between
early performance, and subsequent investment choices, documented for mutual fund managers.

This is a particularly interesting comparison because mutual fund managers and venture capital
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GPs perform a similar economic function. This suggests that the differences in behavior are linked
to the institutional details surrounding these two forms of delegated portfolio management. The
model I develop suggests that the difference in behavior is largely a result of the different response

of career incentives to performance.

This paper also makes a contribution to the literature on which types of firms receive venture
capital funding. This literature typically focuses on demand-side effects related to the characteris-
tics of the firms. This paper is novel in that I suggest that the firms which receive funding may in
part be determined by the implicit career incentives of the GPs. An interesting extension of this
work would be to consider whether the effect documented in this paper might have an aggregate
effect on the type of ventures which receive funding. Rhodes-Kropf and Nanda (2012a) document
that during private equity booms, when recent returns have been high and available capital is
plentiful, venture capital funds tend to invest in more volatile and more innovative firms. In a
separate paper, Rhodes-Kropf and Nanda (2012b), propose that this relationship stems from the
GP’s uncertainty about the ability of the venture to receive follow-on financing from a third-party.
This provides a potential alternative channel by which the performance of GPs might affect the

aggregate level of innovation in the economy.
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A Model Solution

The model solution is a Nash equilibrium consisting of investment choices by the GP in each
investment period, and LP decisions in period 2 and 3 to invest in the GP’s follow-on fund given
each possible investment outcome. In equilibrium the LP must update his or her expectation of GP
skill based on portfolio performance and a correct inference about the GP’s unobservable investment
choices. Solving the model through backward induction is somewhat tedious because the model is
discrete and the type of investment chosen at ¢t = 1 affects beliefs about the GP’s skill, which is an
important state variable in the ¢ = 2 investment decision. Fortunately, the distribution of returns
in the model, which are motivated by the relatively infrequent success of venture capital investing,
allow a shortcut to immediately give Result 1 which states the optimal first period investment

decision.

A.1 Result 1l

Result 1 shows that when the GP performs sufficiently well in the first period, he is guaranteed a
second fund; thus, there is no conflict between maximizing the value of the current fund and the

value of the GP’s career.

Proof. First, note that in the first period the outcomes C'y = X, 2X will be sufficient to raise a new
fund after one period regardless of which investment is chosen in period 1. All of the investment

choices can be written in the form:

at; +a Cy =2X

Pric=Cl=q1-a)t;+b C1=X (A1)

\

By Bayes rule:
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The threshold for the GP to be able to raise a new fund is Pr[t; =t + At,] > 1/2. For any
value of a the GP will be able to raise a new fund following ¢; > X, because even when a particular
outcome is entirely dependent on luck (e.g. outcome ¢; = X when o = 1), the GP will still be at
least as good as another random draw from the population. The following table gives the change
in the probability of each outcome by selecting the one of the alternative investments, relative to

the standard investment.

Deviation APr(c;=X) APr(cg=2X) APr(q €{X,2X})
Safe 2y — (1 —a)e —y — Qe vy —e€

Risky -2y — (1 — a)e v — e —y —€

Its clear that selecting the safe investment in period 1 results in the highest probability of raising
a new fund. In the second period, given that they have raised a new fund, the GP has no incentive

to deviate from the highest NPV project, and thus will pick the standard investment.

A.2 Result 2

In this section I characterize the possible equilibrium strategies, following ¢; = 0. The equilibrium

requires that the investors hold correct beliefs about the investment choice of the GP, and given
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those beliefs, the GP’s investment choice provides the highest expected value. First I consider pure

strategies.

A.2.1 Pure Strategy Selecting Standard Investment

When under some outcome of ¢z the GP will be able to raise a new fund and ¢ is sufficiently low,
a pure strategy equilibria of taking the standard investment does not exist, which is equivalent to
the first statement in Result 2. The first requirement states that one failure in the first period
(c1 = 0) is not a sufficiently poor signal about the GP’s skill to prevent him from raising a new
fund regardless of the outcome of the second investment. The second requirement is a bound on

how much NPV the GP would be willing to give up to pursue one of the alternative projects.

Proof. Suppose that there exists a pure strategy equilibrium where the GP selects the standard
investment following ¢; = 0, and following either co = X or co = 2X (or both), the beliefs about the
GP’s skill would be sufficient to allow them to raise a new fund. It must be the case that deviating
to select a different investment would not result in a higher expected value for the GP. Given
that the value to a follow-on career is constant, the change in expected value for each alternative

investment can be characterized by the change in probability across each outcome.

Deviation APr(c;=X) APr(c=2X) APr(ce{X,2X})
Safe 2y — (1 —a)e -y — e vy —¢€

Risky 27— (1 — e v — ae -y —€

The table above demonstrates that as ¢ — 0, for every combination of outcomes which would
result in a new fund, there is an alternative investment which would provide a higher expected
value than the standard investment. Consider the case when ¢y = 2X will garner the GP a new
fund, but ¢ = X will not. The probability of earning a fund after selecting the risky investment
as € — 0 is higher by . Thus, selecting the risky investment would be a beneficial deviation. In
the case where only the outcome c; = X or when both co = X and co = 2X would result in new

funds, as € — 0, deviating to select the safe investment would increase the probability of raising
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a new fund by 2 and « respectively. Thus, the safe investment would be strictly preferred over
the standard investment. Continuity ensures that this result holds up to some e¢ > 0, where the
reduced effect of skill in the alternative investments outweighs the potential benefit from adding or

subtracting 2 from the probability of a moderate outcome.

A.2.2 Pure Strategy Selecting Risky Investment

First I calculate the change in probability for each outcome that would result from choosing an

investment other than the risky investment.

Deviation APr(co=X) APr(ce=2X) APr(c €{X,2X})
Standard 2y + (1 — a)e -y 4 ae v+e
Safe 4ry -2y 2y

The table shows that the only situation in which the GP would not find it beneficial to deviate
from the risky investment pure strategy is when co = 2.X, but not co = X, will result in new fund.
Given the safe investment selected in period 1 was a failure ¢; = 0, for ¢o = 2X to raise a new fund
Bayes rule gives the following:

[at+Atg—e)+5—9](1—t—Atg—p—17)
[at+Atg—e)+5—7](1—-t—Atg—p—7)+[at—e)+5 -] (1—-t—p—1)

which simplifies to
Aty _1+2 (at3) (at1)
— < — — A.
=5 = 20 U7 20 | (A.5)

Similarly it can be shown that for c; = X to not result in a new fund the following inequality

must hold:

Aty 1+2 32—« 1+a

> ~ 2 _2(21_—a)p+2(1—a)7 (4.6)

t—
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Both inequalities are more likely to be satisfied when « is large; thus, this equilibrium is likely
to be supported when co = 2X is more informative about the GP’s type than co = X. The other
parameters of interest, p and t — % have opposite effects on each inequality. If p is too high, then
the outcome ¢y = 2.X will be largely attributed to luck, and the GP will not be able to raise a new
fund following co = 2.X; thus, selecting the risky investment will do them no good. Similarly, when
p is too low, co = X will be sufficient to raise a new fund; thus, the GP would be better off by
selecting the safe investment which has a higher probability mass over ¢o > X. A similar intuition
follows for ¢t — %. When this value is high, the average GP stands a fairly good change of being
successful such that the result co = 2X is not sufficiently informative about the GP’s type to result
in a new fund. When t — 2% ig low, any outcome ¢y > X is sufficient to raise a new fund and the

2

safe option provides more probability mass, which will result in a new fund.

A.2.3 Pure Strategy Selecting Safe Investment

The following table gives the change in in probability for each outcome that would results from

choosing an investment other than the safe investment.

Deviation APr(co=X) APr(co=2X) APr(c€{X,2X})
Standard -2y + (1 — a)e v+ e v+e
Risky -4y 2y -2

The table demonstrates that any time in which co = X results in a new fund, the GP will not
benefit from deviating from the safe investment. The intuition is that the safe investment provides
the most probability mass above co > X, so that any deviation would decrease the odds of raising
a new fund. As before, Bayes rule can be used to compute the inequality which ensures that the
GP will raise a new fund following ca = X, given that investors believe he will select theR safe

investment.

t_
2 = 2 2(1-a)

(A7)
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Because there is only one inequality, the effects of each parameter are less ambiguous. The
inequality is more likely to hold when «, p are small. This coincides with the intuition that when
co = X is very informative about the GP’s type, the GP will select the safe investments which puts

relatively more weight on co = X.

A.2.4 Mixed Strategies

In the regions where pure strategies equilibria are infeasible because of incentive constraints, there
may exist a mixed strategy equilibrium in which the GP randomly draws between a standard in-
vestment and one of the alternative investments. To remain incentive-compatible, a mixed strategy
requires that the agent be indifferent between the two pure strategies involved. This will require
that for co = X investors will be exactly indifferent between the GP and a new GP drawn from
the population and the general partner will be granted a new fund with some positive probability
less than one. This is demonstrated by setting equal the expected value of Eq. 5 under two pure
strategies and simplifying. The following relationship must hold for mixed strategy consisting of

the safe and standard investment.

(v + ae)

Pr [New Fund [ 1 = 0,2 = X] = 52— o

Pr[New Fund | ¢; =0, ¢ = 2X] (A.8)

Note that Eq. A.8 can be satisfied under two conditions. The first is that neither ¢ = X nor
co = 2X result in a new fund, so the GP is entirely indifferent to his investment choice. The second
is that both co = X and co = 2X will result in a new fund with some positive probability, with
the probability of a new fund being raised following co = X being strictly less than one. For the
probability of raising a new fund to be less than one requires that investors be indifferent between
financing the current GP, and drawing a new one from the population. The pdf for a mixed strategy

consisting of selecting the safe investment with probability m and selecting the standard investment
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with probability 1 —m is given by:

« (ti - mf) + % —my Cmi;tsafe =2X
Pr [Cmiacsafe = mia:safe] = (1 — a) (ti — me) + g + 2myy Cmixsafe =X (Ag)
1-— (ti — ’I’)’LE) —p—my Cmia:safe =0

When the GP’s first investment failed, ¢; = 0; ensuring that the GP can raise a new fund

following ¢y = 2.X requires:

1
t+Atg < 1+(1+m)e (Oz—l-g)p_ (o —m)
2 2 2a 2a

v (A.10)

Ensuring that following co = X investors are indifferent between investing in the current GP,

and a new GP drawn from the population, requires that the following hold:

At, 1+(1+m)e (3-q) @m+1—a%/ (A.11)

2 2 21-a)’ 2(1-a)

So long as € is rather small, Eq. A.11 is decreasing in m, so that for a given « the region where

a safe/standard mixed strategy is feasible lies from the result of Eq. A.11 at m = 1, to an upper
boundary where m = 0, or Eq. A.10 binds. To when Eq. A.10 binds we set the right hand side of

Eq. A.10 and Eq. A.11 equal, yielding a minimum threshold for m of:

1
msafe/std — max <0’ [)(2—Oé)> (A.12)
Y

This results in the following region where a mixed strategy consisting of the safe and standard

investment is feasible:

1+e€ B p+ 2y <i4 Atg < 1—i—msafe/8tde B p+2msafe/std,y

2 2(1-a) 2 = 2 2(1—a)

(A.13)
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Following the same arguments it can be shown that the feasible region for a mixed strategy

consisting of the risky and standard investment is given by:

1
. oa— =
mrlsk/std = min [ 1, p ( 2) (A14)
v(1+ )
3 _ —risk/std 3 _ _ . _ 9z5risk/std
l+e 5 ap_lgt_i_Atggl—i—m € 5 ap_l a—2m v (A15)
2 T 2(1-a)f 2 2 2 2(1—a) 2(1—a)

The feasible regions for mixed strategies, as well as those for pure strategies, are plotted on

Figure 3.
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B Maximum Likelihood Estimation

This appendix describes the likelihood equations used in Section 5.1 to estimate parametric equa-
tions using the information from each individual portfolio company investment. Each observations

is the outcome of a single portfolio company investment governed by the following model:

MIRR;; = max [—100% , Bo+ 1 - IRRNASDAQ + 7 oﬁj + v + o + €] (B.1)
&5~ N(0,07;) (B.2)
02'273‘ =¢o+ ¢1- UJQVASDAQ +60X;; + o) (B.3)

Eq. B.1 describes the observed return as being a truncated at -100%, and normally distributed
around a mean which is linear related to GP and market characteristics at the time the investment

is made. The variance of the error term, o2 ., is treated as a latent variable which is determined by

0,50
Eq. B.3. Taking logs of the normal distribution, the resulting log likelihood for each observation is
given by:

lng(ﬁa’% Vtaai)¢76 ’ MIRR%]) =

/

2
MIRR; j—Bo+B1-IRRNAsSDA +7-02 . +vpfamean
—Lmor — Lino2, — ( 2 PAQTT P reen)
2 2 1,7 20'7(] ’

if MIRRZ'J‘ > —100%

(B.4)

—100%— +B81-IRR +- 2+ +qmean )
In® oot IRy Aspag iy oy bt e | if MIRR;; = —100%

1
("?,j) ?

After substituting Eq. B.3 for J% ;» parameter estimate are determined by maximizing the fol-

lowing sum of Eq. B.4 over all portfolio company observations:

1DL(6,’Y,V7OZ,¢,5 ‘ ) = Zlng(ﬂ)’)/?ytaahd)?é | MIRR’L,]) (B5)

i3
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Figure 1: Model Timeline.
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Figure 2: Distribution of investment returns for the average GP at model parameters: a = 0.5,
t =0.05, Aty = 0.05, p = 0.30, v = 0.05, € = 0.04
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Figure 3: Equilibrium Period 2 Strategy Following ¢; = 0 for p = 0.30, v = 0.05, ¢ = 0.02
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Table I
Summary Statistics

Descriptive statistics for the sample of 181 venture capital funds between 1981 and 2003. Panel A presents statistics at the fund level.
Previons Funds represents the number of venture capital funds operated by the general partner prior to the current fund. Fund Size
represents the capital committed to the fund and is listed in millions of dollars. Nuw of Investments is the number of portfolio company
investments made by the fund. Fina/ MIRR is the aggregate modified IRR of the fund gross of fees, calculated as described in Section 3,
measured as of June 30, 2011. Fina/ T1 Pl is the Total Value to Paid-In multiple, formed by dividing the sum of the cash flows out of the
fund and the value of any unrealized fund assets as of June 30, 2011, by the cash flows from the firm to the portfolio company. Percentage
With Follow-on presents the percentage of funds which successfully raised a follow-on fund. Panel B presents statistics for 144 funds who
successfully raised a follow-on fund. This excludes 8 funds for which I can identify that a follow-on fund exists, but cannot obtain
information on the size of the follow-on fund or date it first closed. Year Follow-on Fund is Raised gives the time in years between the first
observed close of the current fund and the closing of the Follow-on Fund. S7ze Increase is the ratio of capital committed to the follow-on
fund divided by the committed capital of the current fund. MIRR,; at Follow-on Close represents the MIRR of the current fund in the end
of the quarter prior to the close of the follow-on fund. TP, , at Follow-on Close is the TVPI of the current fund in the quarter prior to the
close of the follow-on fund. Panel C presents the summary statistics of the individual portfolio company investments. Initial Investment Size
represents the amount of capital invested in the portfolio company over the first 3 quarters after the initial relationship is reported in the
data. Size Increase is the additional capital invested by the firm in subsequent rounds of funding, expressed as a ratio to the size of the initial
investment. Fund Age is the number of years following the first observed close of the fund when the portfolio company investment is
made. Holding Period is the amount of time between the initial investment in a portfolio company and the fund's exit, expressed in yeats.
Holding period is calculated using only realized investments. MIRR and T1”PI in Panel C are the modified IRR and TVPI calculated at the
portfolio company level.

Panel A: Fund Level Observations

Mean Median Std Min Max N
Previous Funds 3.7 3.0 3.9 - 26.0 181
Fund Size ($million) 249.2 1179 364.5 6.0 2,322.9 181
Num of Investments 36.9 32.0 20.6 5.0 125.0 181
Final MIRR 22.9% 13.9% 43.1% -19.3% 432.8% 181
Final TVPI 2.9 1.9 3.6 0.1 27.7 181
Percentage With Follow-on 84% 181

Panel B: Follow-on Fund Obsetvations

Mean Median Std Min Max N
Year Follow-on fund is Raised 34 34 1.6 0.5 9.5 144
Size Increase 1.6 1.5 0.8 0.2 6.2 144
MIRR,; at Follow-on Close 37.5% 11.7% 87.9% -57.0% 836.5% 144
TVPI,, at Follow-on Close 1.7 1.2 2.6 0.5 31.8 144

Panel C: Portfolio Company Level Observations

Mean Median Std Min Max N
Initial Investment Size 4.0 2.0 5.5 0.0 33.8 6670
Size Increase 1.5 0.2 4.4 0.0 34.7 6670
Fund Age 2.1 1.8 1.9 0.0 16.0 6670
Holding Period (Years) 5.1 4.6 3.0 0.2 13.9 6318
MIRR -2.6% -3.5% 105.3% -100.0% 598.8% 6670

TVPI 2.5 0.8 5.7 0.0 40.9 6670




Table II
Sample Fund Characteristics by Vintage Year

Descriptive statistics for fund-level characteristics sorted by the year in which the fund closed its first round of funding. Data is taken from the 181
funds from 1981 through 2003 that made 5 or more portfolio company investments. For compatison, descriptive statistics are given for the sample of
funds contained in VentureXpert that are identified as venture capital funds, administered by private equity firms or bank-affiliated private equity funds,
and made 5 or more portfolio company investments. Nuz. of Funds represents the number of funds in the sample which closed their first observed
round of funding in a given calendar year. Mean values are calculated by averaging over funds which closed in a given year. Mean Committed Capital is
measured in millions of dollars and is the total capital committed to the partnership by both LPs and GPs. Mean MIRR is the average modified IRR,
calculated as discussed in Section 3 of the text. Mean TT Pl is calculated by averaging the undiscounted sum of the positive cash flows and terminal value
for each fund, divided by the sum of the negative cash flows of the fund. Sample vs. VentureXpert Ratio of Committed Capital measures the total amount of
capital committed to funds in the sample as a percentage of capital committed to funds listed in VentureXpert.

Fund-of-Funds Sample VentureXpert
Sample vs.
VentureXpert
Mean Mean Ratio of
Num. of Committed Num. of Committed Committed

Year Funds Capital ($mil) Mean MIRR Mean TVPI Funds Capital ($mil) Capital
1981/82 2 44.0 7.44% 1.50 166 17.7 3%
1983 9 58.9 10.50% 2.04 77 265 26%
1984 14 62.7 9.91% 1.78 70 243 52%
1985 3 313 6.14% 2.36 55 218 8%
1986 3 98.5 14.04% 233 40 20.8 36%

34%
1987 11 57.3 17.53% 3.01 43 429
1988 10 93.7 28.64% 3.61 25 493 76%

49%
1989 10 522 18.02% 2.63 29 367
1990 12 83.9 22.82% 291 24 80.4 52%
1991 6 120.7 22.89% 2.36 13 792 70%
1992 5 99.4 26.39% 272 22 421 54%

99%
1993 8 1417 56.50% 8.38 23 497
1994 8 107.0 31.14% 454 33 57.5 45%
1995 6 2302 76.23% 7.58 29 57.4 83%
1996 3 244.4 73.09% 4.44 46 81.6 20%
1997 3 135.5 73.92% 414 68 718 8%
1998 21 2573 41.71% 298 70 119.0 65%
1999 18 4271 1.45% 1.20 124 145.5 43%
2000 22 820.7 4.58% 1.35 188 174.6 55%
2001 5 5437 8.50% 1.66 82 154.9 21%
2002/03 2 262.0 6.73% 0.84 81 93.0 7%

Totals 181 249.2 22.9% 2.86 1,308 83.7 41%




Table III
Existence of Follow-on Fund and Current Fund Performance

Coefficient estimates from probit analysis, relating the existence of a follow-on fund raised by a GP to the
performance of the current fund and experience level of the GP. The dependent variable is an indicator variable
which takes the value 1 when the GP successfully raises a follow-on fund. MIRR,_; . is the modified IRR of the
current fund calculated three years into its existence. Ln(Previons Funds) is the natural logarithm of one plus the
number of previous funds raised by the GP. The sample consists of 181 venture capital funds listed in Table I,
excluding 8 funds for which the size or date of their follow-on fund could not be determined. Model 1 excludes
an additional 28 observations in which vintage year dummies perfectly predict the existence of a follow-on fund.
The robust standard errors reported beneath each coefficient are calculated using the method of White (1980). The
lower portion of the table reports the marginal effect of MIRR _5,.,,, on the probability that a follow-on fund
exists for a fund GP with MIRR at its sample mean and experience of zero and three previous funds.

t=3 years
Model 1 Model 2
MIRR =3 years 4.75%* 3.92%%
(2.09) (1.85)
Ln(Previous Funds) 0.13 0.21
(0.20) 0.16)
Ln(Previous Funds) * MIRR =3 yeurs -1.70* -1.60*
(1.01) (0.92)
Constant 4.85%F* 0.65%F*
(0.22) 0.22)
Observations 145 173
Pseudo-R” 0.148 0.088
Includes Vintage Year Dummies Yes No
Marginal Effect of MIRR (OPr. New Fund/OMIRR =3 ycyrs)
Previous Funds = 0 1.30 1.15
p-value 0.030 0.040
Previous Funds = 3 0.60 0.41
p-value 0.018 0.028

% p<0.01, ** p<0.05, * p<0.1



Table IV
Change in Follow-on Fund Size and Current Fund Performance

Coefficient estimates from OLS regression and Tobit analysis relating the size of the follow-on fund raised by the GP to
the performance and characteristics of the current fund. The dependent variable is the Szze Increase of the follow-on fund
measured as the ratio of the committed capital to the follow-on fund divided by the committed capital of the current fund.
MIRR, , is the modified IRR of the cutrent fund calculated at the end of the quarter before a new fund is raised.
Ln(Previous Funds) is the natural logarithm of one plus the number of previous funds raised by the GP. Ln(Current Fund
Committed Capital) is the natural logarithm of the size of capital committed by LPs to the GP's current fund measured in
millions of dollars. All models contain unreported dummy variables for the vintage year of the current fund. The sample
consists of 181 venture capital funds listed in Table I, excluding 8 funds for which the size or date of their follow-on fund
could not be determined and 4 observations which are not identified due to the inclusion of vintage year dummy variables.
The standard errors reported beneath each coefficient have been corrected for heteroskedasticity in the manner of White
(1980). The lower portion of the table reports the marginal effect of MIRR ; on the increase in fund size for a fund GP
with MIRR_; at sample mean, experience of zero, and three previous funds.

Model 1 Model 2 Model 3
(OLS) (Tobit) (OLS)
MIRR,, 0.57* 0.76%* 0.057
(0.34) (0.36) 0.37)
MIRRH2 -0.032% -0.039* 0.0023
(0.019) (0.021) (0.018)
Ln( Previous Funds) 0.088 0.081 0.18
(0.14) 0.16) (0.14)
Ln(Previous Funds) * MIRR; -0.15 -0.22 -0.029
-0.18 (0.20) (0.18)
Ln(Current Fund Commited Capital) 0.11 0.24%* -0.24%
(0.096) 0.11) 0.12)
Constant -0.90 -1.50 5.37%*
(1.73) (2.10) (2.24)
Observations 169 169 140
R* / Pseudo-R* 0.362 0.143 0.426
Includes GPs With No Follow-On Fund Yes Yes No
Marginal Effect of MIRR ( 0Size Inctease/OMIRR, ;)
Previous Funds = 0 0.56 0.75 0.06
p-value 0.097 0.039 0.874
Previous Funds = 3 0.54 0.72 0.05
p-value 0.086 0.034 0.875

% p<0.01, ** p<0.05, * p<0.1



Table V

Early Fund Performance and Time to Follow-on fund

Coefficient estimates from a Cox regression with time-varying covariates. The dependent variable is the duration from the first closing
of the current fund to the first closing of the GP's follow-on fund. MIRR,, is the modified IRR of each venture capital fund calculated
at the end of the previous quarter. Lu(Previous Funds) is the natural logarithm of one plus the number of previous funds raised by the
GP. Fund Ageis the time the current fund has been operating measured in years. VentureXpert Funds Raised, ; , 5 is the number of
venture capital funds raised over the previous year as reported in VentureXpert. The table displays the coefficients of the proportional
hazard model, with the robust standard errors listed below, calculated in the manner of Lin and Wei (1989). The lower section of the
table lists the marginal effect of a 10% increase in MIRR | on the hazard rate of a new fund being raised.

Model 1 Model 2 Model 3 Model 4
MIRR, -0.69%* -3.58%* -0.65 -4.02%F*
(0.31) (0.88) (0.40) (1.16)
La(Previous Funds) 0.11 0.41 0.13 0.14
(0.10) (0.26) 0.12) (0.33)
MIRR,* Fund Age 0.54%* 2.21wkx 0.43* 2,274k
0.19) 0.47) (0.25) (0.59)
MIRR, ;* Ln(Previous Funds) 1.944%¢ 2.10%%*
(0.50) (0.58)
Fund Age * La(Previous Funds) -0.054 0.030
(0.070) (0.088)
MIRR, ;* Fund Age * Ln(Previous Funds) -1.15%k* -1.18%%*
(0.28) (0.30)
VentureXpert Funds Raised, ;5 0.0078*** 0.0080%** 0.0015 0.0014
(0.0021) (0.0021) (0.0056) (0.0058)
Fund-Quarters 3197 3197 3152 3152
Partnerships 173 173 169 169
Model p-value <0.001 <0.001 0.224 0.010
Stratified by Fund Vintage Year No No Yes Yes
Proportional Increase in Hazard Ratio - 10% MIRR
Fund Age = 3 Years , Previous Funds = 0 1.10 1.36 1.07 1.31
p-value <0.001 <0.001 0.077 <0.001
Fund Age = 3 Years , Previous Funds = 3 1.10 1.07 1.07 1.05
p-value <0.001 0.028 0.077 0.109
0.002 <0.001

p-value for difference

% p<0.01, ** p<0.05, * p<0.1



Table VI
Fund Performance and Portfolio Company Volatility - Maximum Likelihood

This table presents the maximum likelihood estimates of the expected mean and vatiance of venture capital portfolio company investments. The observed
dependant variable is the return to each individual portfolio company investment. Variance is a latent variable imputed by the estimation procedure. A derivation
of empirical model and log likelihood function appeats in Appendix B. MIRR, , is modified IRR at the end of the quarter before the portfolio company investment
is made. MIRR,, is set to zero for the first quarter in which investments are made by each fund. Fund Age represents the number of years since the closing of the
fund at the time each portfolio company investment is made. NASD.AQ Return represent the cumulative return of an equal-weighted portfolio of the smallest size
decile of NASDAQ firms in CRSP during the holding period of each portfolio company. NASDAQ 1 ariance represents the variance across cumulative returns to
the individual NASDAQ firms in this portfolio. Lu(Previons Funds) represents the natural logatithm of the number of previous funds raised by general partner of the
fund. Variance, the latent variable, is also included as an explanatory variable in the mean equation. The standard errors reported beneath each coefficient are
clustered at the fund level. The lower portion of the table reports the marginal effect of MIRK,, on the expected variance of a portfolio company selected by a GP
running a fund in its third year. Panel A presents results with investment year and GP dummy variables included in specification of the mean equation. Panel B
includes additional GP dummy variables in the specification of the variance equation.

Panel A: GP Dummy Variables Included in Mean Equation

Model 1 Model 2
Mean Variance Mean Variance
MIRR,; 0.3tk -0.32
(0.091) (0.35)
Fund Age 0.033** 0.10%%*
(0.013) (0.032)
Ln(Previous Funds) 0.099%+* 02008k
(0.035) (0.051)
MIRR, * Fund Age 0.060* 0.56%**
(0.032) 0.14)
MIRR * Ln(Previous Funds) 0.36*
0.21)
Fund Age * Ln(Previous Funds) -0.060%**
(0.020)
MIRR, * Fund Age * Ln(Previous Funds) -0.28%*
(0.077)
NASDAQ Variance 6.29%x% 6.18%x*
(0.52) (0.51)
NASDAQ Return 1.36%%* 1,378k
0.21) 0.21)
Variance -0.0013 -0.0013
(0.0030) (0.0030)
Constant -0.17 -0.024 -0.18 -0.13
0.42) (0.085) 0.39) (0.095)
Observations 6,670 6,670
AIC 18,669 18,656
Investment Year Dummies Mean Equation Mean Equation
GP Dummies Mean Equation Mean Equation

Marginal Effect of MIRR ( 8°/6MIRR, ;)

Fund Age = 3 Years , Previous Funds = 0 0.48 1.36
p-value <0.001 <0.001

Fund Age = 3 Years , Previous Funds = 3 0.48 0.60
p-value <0.001 <0.001

p-value for difference <0.001




Panel B: GP Dummy Variables Included in Mean and Variance Equation

Model 3 Model 4
Mean Variance Mean Variance
MIRR,,; -0.14 -0.35
0.11) (0.406)
Fund Age 0.020 0.13%kk
(0.015) (0.037)
Ln(Previous Funds) 0.28%* 0.44%%
(0.053) (0.0606)
MIRR,* Fund Age 0.65%** 0,774
(0.087) (0.26)
MIRR, * Ln(Previous Funds) 0.20
0.29)
Fund Age * La(Previous Funds) -0.082%*
(0.023)
MIRR, * Fund Age * Ln(Previous Funds) -0.13
(0.16)
NASDAQ Variance 0.028%*+* 0.026%**
(0.0097) (0.0089)
NASDAQ Return 0.4 38k 0.4 108k
(0.094) (0.095)
Variance 0.092+* 0.10%*
(0.042) (0.044)
Constant -0.15 .82k -0.19 0,67k
(0.35) (0.082) (0.30) (0.092)
Observations 6,670 6,670
AIC 18,640 18,027
Investment Year Dummies Mean Equation Mean Equation
GP Dummies Mean & Variance Equation Mean & Variance Equation
Marginal Effect of MIRR ( 66°/8MIRR, ; )
Fund Age = 3 Years , Previous Funds = 0 1.82 1.95
p-value <0.001 <0.001
Fund Age = 3 Years , Previous Funds = 3 1.82 1.63
p-value <0.001 <0.001
p-value for difference 0.513

% p<0,01, ** p<0.05, * p<0.1



Table VII
Portfolio Company Investment Size and Fund Performance

This table describes the relationship between fund performance, and the size of subsequent portfolio company
investments. The dependent variable is the size of each initial portfolio company investment as a percentage of
the committed capital of the fund. MIRR,, is modified IRR at the end of the quarter before the portfolio
company investment is made. Fund Age represents the number of year since the closing of the fund at the time
each portfolio company investment is made. L (Previons Funds) represents the natural logarithm of the number of
previous funds raised by general partner of the fund. The standard errors reported beneath each coefficient are
clustered at the parnership level. The lower portion of the table reports the marginal effect of MIRR,, for a fund
in its third year with GP experience of zero and four previous funds.

Model 1 Model 2 Model 3
MIRR, 0,17k 0,58k -0.58%k
(0.032) 0.17) 0.17)
Fund Age -0.0095 -0.059 -0.11
(0.017) (0.039) (0.079)
MIRR* Fund Age .22k 077k 0.76%5*
(0.040) 0.17) (0.18)
MIRR, * La(Previous Funds) 0.25%* 0.28%*
(0.095) (0.10)
Fund Age * Ln(Previous Funds) 0.032 0.071**
(0.022) (0.032)
MIRR, * Fund Age * Ln(Previous Funds) -0.33%+* -0.36%F*
(0.095) (0.100)
Constant 1.47++* 1.46%+* 0.79
(0.037) (0.037) (0.78)
Observations 6,339 6,339 6,339
Model R? 0.01 0.01 0.02
Year Dummies No No Yes
GP Dummies Yes Yes Yes
Matginal Effect of MIRR ( Olnv. Size/OMIRR, ;)
Fund Age = 3 Years , Previous Funds = 0 0.49 1.72 1.69
p-value <0.001 <0.001 <0.001
Fund Age = 3 Years , Previous Funds = 3 0.49 0.54 0.42
p-value <0.001 <0.001 <0.001
p-value for difference 0.002 0.001

¥ p<0.01, ** p<0.05, * p<0.1



Table VIII

Bivariate Comparison of Fund Ranking and Future Investment Performance

Descriptive statistics for the performance of venture capital fund portfolios sorted by the performance of previous investments. The sample is divided in
to cohorts covering two year periods (e.g. 1981-82). Funds with less then 20% of their commited capital remaining, or who make less then three
subsequent investments are excluded. The funds are then sorted by cohort into high ranking and low ranking funds by MIRR of the fund at a given fund
age. Panel A presents results sorted at 2 years, Panel B present results sorted at 4 years. The first column list the number of observations in each group.
Adjusted MIRR at Sort is the average difference between the MIRR of each fund at the sorting age and the cohort median value. The Post-Sort Portfolio
presents the mean and standard deviation of the MIRR calculated using fund portfolios comprised of investments made after the sort and adjusted by the
cohort median (i.e. one observation is the aggregate MIRR of one fund's entire ex-post investment portfolio minus the cohort median ex-post portfolio
MIRR). The Pre-Sort Portfolio presents the final realized performance of the portfolio of investments made prior to the sort, adjusted by the cohort median
portfolio performance. The bottom of each column lists the differences across each variable as well as the p-values of tests for differences across the
groups. The first set of p-values is calculated using the assumption that the two samples are normally distributed. The second p-value is given for
Levene(1960)'s robust test for equality of variances.

Panel A: Cohorts Sorted at 2 Years

Post-Sort Portfolio

Pre-Sort Portfolio

Adjusted
Obs MIRR at Sort Mean o Mean c
High MIRR 78 20% 51% 398% 8% 22%
Low MIRR 78 -13% -6% 33% 0% 30%
H-L 33% 56% 365% 8% -8%
P-Value (Normal Dist.) <0.001 0.216 <0.001 0.068 0.001
P-Value (Levene) 0.071 0.606
Panel B: Cohorts Sorted at 4 Years
Adjusted Post-Sort Portfolio Pre-Sort Portfolio
Obs MIRR at Sort Mean o Mean c
High MIRR 50 8% 15% 65% 4% 9%
Low MIRR 50 -8% -3% 30% -9% 16%
H-L 16% 18% 35% 12% 7%
P-Value (Normal Dist.) <0.001 0.084 <0.001 <0.001 <0.001
P-Value (Levene) 0.140 0.028




