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Introduction

Over the past decade, venture capital has grown from a tantalizing sdeshow to a serious
function of US capitd markets. It is estimated that in 1990 about $3 hillion flowed into venture
funds, while in 2000 the corresponding figure was $103 hillion. We esimate that the outstanding
tota vaue of such firms is roughly $500 hillion; in comparison, the market vaue for companies
lised on US stock exchanges is roughly $10 trillion. The economic importance of the privady
held companies that seek financing from outside investors exceeds their current share of business
vaue, because some of today's private companies will become high-vaue public companies in
the future.

Some of these ownership interests in private companies are held directly as stock in the
issuing company, and some are held as limited partnerships in venture capitd funds. Holders are
primarily penson plans, endowments corporations, and wedthy individud investors. Both
companies funded by venture capitd funds and those funded directly by primary investors find
ther way to the public markets. Over the lagt five years, roughly two-thirds of the companies
meking iniid public offerings had backing from venture capitd funds. Many of the non
venture-fund-backed companies had subgantid funding from outsde primary invesors.
Investment in pre-public companies is no longer experimental or exploratory, but is a permanent
feature of the U. S. financid landscgpe. Private equity, the domain of venture capitd, is here to
stay.

By private equity we mean equity in pre-public companies. These firms raise money
from outsde investors with the hope and intention of becoming public corporations. We do not
include leveraged buy-outs, management buy-outs, or private placements in otherwise public
companies (PIPES) in our andyss, dthough these are sometimes consdered pat of privae

equity because of redrictions on the sde of these securities to the generd public. Further, by



common usage, “venture cepitd” refers to investments in pre-public companies both made
through venture capitd funds and made directly by primary investors. We thus use venture
capital and private equity as synonyms

There is little sysematic information on the results of venture invesments. By contradt,
for publicly traded holdings, quantitative performance evaudion is draghtforward.  Standard
indices, such as the S&P500 and the Wilshire 5000, provide measures of overdl market returns.
For non-traded holdings, such as venture capita, investors have no smilar benchmark.

This paper builds an index for venture capital to provide that benchmark. Such a
benchmark is useful for evaduating the performance of particular venture holdings, for evauaing
the peformance of gpecific funds, including venture capital limited partnerships, corporate
venture funds, and venture holdings of penson and endowment funds that invest both directly
and indirectly in private deds, for comparing the performance of venture capitd with that of
other asset classes, for determining the appropriate portfolio alocations of different asset classes,
and for avariety of other gpplications smilar to uses of sandard indices.

There are two mgor problems in congructing such an index. Frg, pricing events for
private companies are intermittent and infrequent, not regular and dmost continuous as for
traded securities. A price is s&t for sock in an individual company when it raises new money,
when it sdls shares to the public (through an 1PO), when it is acquired, or when it ceases
operations. What it means for these companies to be “private’ is they are not public—their stock
is not registered with the SEC, they do not report financia results to the SEC or the public unless
they choose to, and their stock is not traded in any organized market. Nearly al such companies
are, like public, reporting companies, organized as C-corporations (and are thus themseves

taxable ertities). These companies may be vadued only a handful of times during the interva



between establishment and PO, acquisition, or cessing operations'. Moreover, because they are
private, disclosures are voluntary. Hence, even when they are valued, they need not reved the
price & which they sold stock in their most recent round. More important for our anayss is the
fact that companies may smply forgo an opportunity to rase money if they find the avalable
terms unappeding. In other words, some trades happen and the prices a which they occur are
reported, some trades happen and we know they happened but price is not reported, and some
potentia trades do not happen at al.

To measure movements in the vaue of these privady held firms over time, we develop a
method for creating a standardized price index for such firms. We build the index usng a
modern hybrid verson of the repeat-sdes technique introduced by Baley et al. (1963) for
measuring housing prices, and we correct it for sdection bias. There are two steps to building
the index. In the first step, to measure the degree of bias in the transactions that do reved vaue,
we use dl of the pricing events for dl of the companies for which we have data (both those that
revea vaue and those that do not) to edimate the probability that a company will reved vaue
(through an IPO, acquidtion, private funding, or by ceasng operations. We then use this
edimated probability in condructing the index by a repeat-sdes method that uses only the
transactions for companies who reveded vaue a least twice, thus cregting an observable return
from one date to another. The gpproach is amilar to those used to congtruct price indices for
resdentid real edate by government agencies (OFHEO), government-sponsored enterprises

(Freddie Mac and Fannie Mae), and private firms such as Case-Shille-Weiss, Inc, and to

! Private companies that raise money from outside investors and cease operations can do o
ether through windup or shutdown (in principle creditor’s bills are paid) or through Chapter 7
bankruptcy liquidation. If there is no hope for a company the board of directors is in principle
obligated to wind it up rather than continue struggling until remaining assets can no longer
satidfy creditors. Windups (or shutdowns) are far more frequent than bankruptcies.



congruct quaity-adjusted measures used by the U.S. Depatment of Commerce in reporting the
prices of durable goods. The novelties in our application lie in the extenson of the repeat saes
approach to private companies and the correction for selection bias made necessary by the non
random nature of the reporting of transactions.

The unit of observaion is a pricing event for a private company. This includes any
private round of fund raisng, which necessarily produces a company vaue (reported or not)
determined by negotiation between the issuing company and its investors (which may include
venture cgpitd limited partnerships, individuas, and corporaions). Pricing events aso include
IPOs, acquidtions, and windups or bankruptcies. The index thus reflects gross returns from
direct investments in the companies, not the returns to venture fund limited-partner investors
after the fees and expenses of their funds?

Some people have asked about secondary transactions in private company’s stock. We
know that there are such transactions, but they are rare and we have little hope of capturing any
data on them.

Others have acknowledged the importance and difficulty of estimating returns for private
equity invesments. Bygrave and Tymmons (1992) cadculated average internd rates of return for
completed venture funds; they reported an average annud return of 13.5 percent from 1974 to
1989, using an approach that provides no risk measurement. Reyes (1997) used a set of 175
completed venture capitd funds to caculate betas, and found them to lie between 1 and 3.8.
Gompers and Lerner (1997) reported an arithmetic average annua return of 30.5 percent on

completed venture funds from 1972 to 1997. Long (1999) cdculated risk by inferring the

2 Venture capitd funds typicdly charge their limited partner investors an annua management

fee of two to three percent of net asset value, and then also take 20 to 35 percent of the gains (20
percent is a standard “carry,” while 35 percent is a “premium carry”) on the companies with
positive returns when they are acquired or go public.



shorter-term standard deviation from variaions in longer-term returns, and reported an ettimate
of the annua standard deviation of 8.23 percent per year for completed venture funds. This
andyss was based upon nine unidentified, successful VC invesments. Maoskowitz and Vissng-
Jorgenson  (2000) measured returns to dl private equity, conceived very broadly to include
closely held businesses with no intention of going public and no money from outsde investors.
They used data from the Survey of Consumer Finances, including sdlf-reported vauations. They
were puzzled that the returns were so low.®>  Chen, Baierl, and Kaplan (2000) examined
completed venture funds to cdculate average annud arithmetic and geometric returns, standard
deviations, and correlaions with market indices. They reported a geometric average return of 13
percent, an annua standard deviation per fund of 115.6 percent, and a corrdation with the public
stock market of 0.04. None of thiswork considers sdlection bias.

Two pieces of research on venture risk and return that do address the sdlection issue are
Cochrane (2001) and Peng (2001). Both use a subset of our data that was available earier.t
These data are for venture-backed firms only, primarily from the VentureOne database
(decribed below). Both andyze returns only for rounds of funding for firms that have exited,
that is, gone public, been acquired, or been wound up (either by aderly windup or bankruptcy).
They attempt to correct for bias and to edimate values for companies that are gill private.
Cochrane uses a maximum likelihood approach to estimae return, standard deviation, and
corrdation with the market. His approach thus edimates risk and return directly without
building an index. Peng builds an overd| index by firs building two indices, one for exits thet

arise from windup and one for dl others He corrects for sdection bias by assgning weights to

3 Companies issuing pre-public private equity are a tiny fraction of private busnesses. There

ae more than 20 million companies that file income tax returns.  Roughly 5 million have a
payroll. Of these, roughly 1.5 million are organized as C corporations.



the two sub-indices based on the likeihood that companies will go out of busness or will
succeed (estimated from observeble characteristics).  His results using this smple approach
indicate that the beta for private equity is high (2.4), even though its corrdation with the S& P5S00
is very low (0.04). He dso finds that the beta on the Nasdag is higher ill (4.7), and the
corrdation with the Nasdaq is subgtantia (0.52). Peng and Cochrane measure returns gross of
venture expenses and carry.

In Section Il we describe the economic problem and review the models that have been
employed in andogous settings to develop price indexes.  Section 1ll provides a detaled
description of data on dart-up firms used to estimate a price index for this sector of the economy.
Section 1V reports our principa empirical results, measurement of a price index corrected for
sdection bias. Section V explores an application of this andyss to portfolio dlocation.  Section

VI isabrief concluson and discussion of future work.

[l. I ndices of Price and Valuation

Methods for estimating market prices for heterogeneous goods or for items traded infrequently
have received consderable atention among applied econometricians and finance professonds.
Methods to account for the heterogeneity of goods were extended in the early 1970s (Kain and
Quigley, 1970, Griliches, 1971) and have been gpplied quite widdy in the anaysis of durables,
such as automobiles (Otha, 1971), housng (Kain and Quigley, 1975), and home appliances
(Hausman, 1979). Hedonic price modds account for the heterogeneity of commodities by
regressing the observed transaction prices or market values, V;, (or sometimes, in the case of

automobiles, list prices) on a vector, Xi=(X1t, X2, . . ., Xnt) describing the quditative and

4 Quigley (2001), an early version of this paper, is aso based on that subset of data



quantitative atributes of the goods. The estimated coefficients, b, represent the implicit margina

prices of each attribute.

n t
D) W%?h??bx%?7? p? 2?72 '
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where d is an indicator variable with a vaue of one for dl time periods up to t, and p; isthe
changein prices during period t. @ isarandom error with mean zero.
It is often assumed that the datistical reaionship is semi-logarithmic. The underlying

logic isthat market value V isthe product of price P times quantity X, i.e.,

(2) Vt = XtPt .

The logarithm of the transaction price is regressed upon variables messuring the physca

characterisics of the commodities x; and dummy variadles representing time di.  In this

2t 2
formulation, exp3? p,?, 3 isthepriceindex att.
n1 7

Despite the popularity of the semi-log form, it has been shown that few economicdly
meaningful redrictions can be placed on the form of the hedonic rdaionship expressed in
equation (1).° Because theory provides little guidance in the formulation of atisticd modes of

hedonic prices and because many durables such as automobiles and housng are traded

®> The functiond form is defined by the joint envelope of the bid rents of demanders and the iso-
profit conditions of suppliers. Under reasonable conditions, the bid and supply functions may
imply either a convex or a concave hedonic function (Rosen, 1974).



infrequently in thin markets, repeat-sdes methods have been developed to abdtract from
mesasuring the hedonic characteristics of these goods.
Condgder the difference between transaction pricesmeasured at t and T.
n t
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If the form of the hedonic price function is semi-logarithmic and if the characteristics of

the commaodity are unchanged between sales, the modd reducesto

t

27T
where the left hand Sde is alogarithmic difference.

The advantage of this formulation is that, for repeat saes of unchanged commodities, it is
not necessty to meesure the detalled characteristics of the commodities to estimate the price
index implied by eguation (1). Baley et al. introduced the repeat-sdes modd for housng in
1963. These modds have snce been gpplied extensvely to the housng market, and they form
the bass for most commercidly developed measures of loca housing price variation (for
example, indexes marketed by MRAC, Inc., and by CSW, Inc.) as wel as the regiona housing
price information produced by the Federd Government (the OFHEO house price series for states
and metropolitan areas). Goetzmann (1993) applied the repest- sales gpproach to fine art.

The repeat-sdes method encounters two mgor chalenges. First, multiple sdes may be
non-random samples of the underlying populaion (Englund, et al., 2000). If the objective is to
edimate the vaue of the sock of the assat, rather than merdy the vaue of those units that have
been sold in any period, this sdection bias may be important. In an agpplication to private

companies, it seems cdear that firms recaiving financing a any point in time ae those whose



prospects are more promising than those of other firms. Thus bias in sample sdection is
potentialy quite important.

Second, characteristics of the product may change. In an index of house prices, for
example, adjusting for rooms added and remodded is quite important. For an index of private
company returns, recognition of the changing mix of companies may be appropriste. For
example, an index to be used to update edimated vaues of exiging companies should not
incorporate changes relaing to a shift from software to biotech companies. On the other hand, an
index tha tries to capture the return on the universe of private firms should incorporate mix
changes.

To address these issues, a variety of hybrid models have been developed. These modds
combine the desirable properties of hedonic and repeast sdes etimators.  The following mode
combines hedonic adjusments (the firsd term on the right sde) with repeast sdes (the second
term).

n t
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i71 27T

More generd hybrid specifications with more redistic specifications of the error Structure
areaso posshle. (See Englund, et al., 1998, for a survey and application.)

A sendble specification of the error dructure in (5) may be a fird-order autogressive
process,

6 % ??2%m?7%% ,
where ?;; isawhite-noiseinnovation. The origind Bailey, et al. (1963) model assumesthe?=0

while the Case-Shiller (1987) modd assumes ?= 1.

In this formulation, the error variance in equation (5) is:
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Edimation of the modd can be accomplished in a three-step procedure. First, equation
(5) is edtimated using the sample of repeat valuations. Second, the squared residuas are used to
edimae ?. This is a draghtforward nonlinear estimation that can be accomplished by a grid
search, yiedding a condsent edimate.  Third, equation (5) is re-estimated by weghted least
squares.  The weights are the reciprocas of the square roots of the right-hand side of equation (8)
using the ? from the second stage.

We next consder sdection bias. The bias arises because successful firms are more likely
to attract additiona rounds of private equity finance, are more likely to reved vadue when they
do attract money, are more likely to be acquired by publicly traded firms, and are more likely to

rase capitd through an initid public offering. In any period, we observe that firm j reveds its

valueg, if the revelation index of thet firm, Fi;, exceed some threshold, tho. Let

m
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i71
where Zy = (zig , 24, . . ., %y ) are the characteristics of firm j at time t that &fect funding and

other aspects of vaue reveation, and % is a random eror. The revelaion index depends

postively on the firm's need to obtain funding and negaively on the firm's vaue in rddion to
its earlier vaue. We observe a firm's vaue only a the time of a revelaion event, F; ? R°.

Thus, the expectation of equation (1) for firm j is
n t
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Smilarly, from eguation (3)

10
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Thus, the coefficients esimated from equation (10) or (11) will be biased if the conditiond
expectation of the error term is not zero. Heckman (1979) developed a method that ddivers
condgent edimates of the coefficients of eguation (11) by incorporating a variable which
captures the selection process. To congtruct such a variable, we must model the process that
sectsfirmsinto the set of observations of those who are funded.

Let Iy be an indicator varigble with a vaue of 1 if firm j reveds its value & time t and
zero otherwise, and let
(120 prob?l; 2122 prob IR 2 F2 72 2 ;0 27 22y ;

? i?1 ?

Here ? s the standard norma distribution, and ? is a set of parameters. Further assume that the

corrdation of the random dement of the sdection modd, 7, and the random dement of vaue,
?,1s 7?7 . Without loss of generdity, we can assume that the variance of ? is one Then the bias

term in equation (11) becomes:

?(?Z;)
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Here ? is the sandard normd dengty. The variable ?;; ? ——=——= is cdled the inverse Mills
' 122 %77

ratio. Its incluson in the vauation regresson yields unbiased edtimates of the parameters in the
presence of nonrandom sample sdection. The sdection bias-corrected valuation modds

associated with equation (11) is

n t
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where ?; is the inverse Mills retio associated with the probability of observing the funding of

firm j @ time t, and ? is a parameter to be estimated. Using this principle, we obtain unbiased
edimates of the price movement of private equity firms from the nonrandom sample of firms

whose vauations are actualy observed.

1. Data

The data used to edimate the venture index come from the Sand Hill Econometrics
database. Congtruction of this database began with data purchased from proprietary data vendors
and has dnce been subgantialy augmented by Sand Hill’'s own research. Subgtantia effort was
invested to make the data suitable for andytical purposes, which incdudes diminating duplicate
rounds of funding (by matching company names, dates of funding, and amounts raised, both
eectronicdly and by eye, and by consolidating what are actudly multiple closngs of the same
round) and obtaining precise exit dates for companies that have been shut down, been acquired,
or gone public. This effort continues.

As reported in Table 1, the data contain 5,607 unique firms with financing deta for a tota
of 12553 rounds of funding, including 9,706 rounds of private-equity financing, plus 1,307
IPOs, 896 acquistions, and 644 shutdowns. The average vauation of private rises with each
round of funding through round 3, but is lower for the smadl fraction of firms, about five percent,
which report funding in rounds 4 through 9. At rounds designated “later,” the average firm
vauation is higher than a round 4, $110.5 million versus $96.6 million; a the mezzanine round,
the average firm vduaion is $124.8 million. For those firms acquired by publicly traded

corporations, the average vauation is $125.6 million, and it is dmost double that for |POs.
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Appendix Table A2 reports the status of development of these firms at the time of
financing. More than hadf of the financing rounds occurred when the firms were ddivering
product, goods or services, to customers. Almost a quarter of the rounds occurred while the
product was in development. In another 6 percent of the cases, the product was in beta testing or
clinicd trids, and in another 6 percent of the cases, te firm was a new dartup. It is clear from
the table that later rounds of financing are associated with more advanced stages of product
development.

Seventy-seven percent of those rounds labeled mezzanine took place after the firm was
shipping products to customers. Eighty-two percent of the acquisitions took place after the firm
was shipping product to cusomers. More than a third of the companies were profitable at the
time of their 1PO.

Table 2 reports more detall on the firms that exited from set via I1PO, acquistion, or
shutdown. For each of these exits, the table reports the type of the preceding financing round,
the average firm vauation, and the amount raised at that previous round. The table aso reports
the average vauation & exit. The table documents the enormous growth in the value of firms
exiting through an 1PO (and it points out the one firm that went from a $3M seed-round firm to a
$1.6B IPO. Thisfirm retains an exclamation point in its corporate name.)

Equdly sunning is a comparison of the amount rased in the penultimate private round
for different exit types. For firms exiting via IPO, the penultimate round raised about $10
million on average. The average time intervd between the penultimate around of financing—
between the lagt round of private equity finance and the exit is dso quite short—a year or two for
IPOs, and two or three years for acquistions. The table aso reports the substantia declines from
the average vaue in the previous round for those firms that are $wt down. The voldility in the

vauation of these firmsis quite griking.
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V.  Empirical Analyss

We edimate the probability that a firm will do a new round of private equity financing,
an IPO, an acquistion or a bankruptcy by andyzing the event hidories of dl firms in our daa
We obsarve each firm each hdf year, beginning in 1987 or when the firm is firs recorded in the
data set. During each haf year, we observe whether it was vaued through a new round of
private equity finance, an IPO, an acquisition or a bankruptcy. We observe its business group in
one of four categories. We record its development datus at the last round of financing and the
round class a the last round. We compute the eapsed time between the last round of private
equity finance and the beginning of the funding period. We aso measure the S&P Index for
public equity & the beginning of the funding period.

Table 3 reports separate probit models for these four types of vauation based upon these
vauation events. The coefficients relate the probabilities of observing private equity finance, an
IPO, an acquistion, or a bankruptcy to firm characteristics  business group, current development
Status, and current round class.

Mog of the coefficients are precisdy edimated. Firms in the hedthcare, IT, retal and
sarvice sectors are less likely to receive private equity funding than other firms. Hedthcare firms
are less likely to be involved in an IPO, but firms in the retall and service sectors are more likely
to be acquired, other factors equd.

Firms that are dready profitable are much more likely to receive additiona private equity
funding, but are much less likdy to receive funding through an IPO. Conversdy, firms in the
product development or beta testing phases are less likdy to receive funding than companies at

other stages, while firms in beta testing are more likely to receive funding through an IPO. Not
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aurprisingly, in any given hdf year, firms which had been reported to be unprofitable in the
previous haf year are more likely to shut down or go bankrupt.

Firms are more likey to receive private equity financing (and to cease operations) a
earlier funding rounds, but are much more likely to do an IPO or be acquired after later rounds of
financing. Frms are more likey to receive externd funding from any source when the eapsed
time to the lagt injection of funds is longer, but they are dso more likey to cease operdions.
|POs and windups are more likely when stocks (the S& P500) are at higher vaues.

We use these models to estimate the probability that each firm will experience each of
these events in each period. The sum of these four probabilities estimates the probability that a
firm will be vaued and will thus gppear as an obsarvation in the andyss sample in each period.
The inverse Mills ratio, caculated from this probability, performs the role of correcting sdection
bias.

Table 4 reports the coefficient estimates for the vauation models. For comparison, the
ample repeat vauation modd, eguation (3), is presented as well as the hybrid modd, equation
(5), estimated by generdized least squares. Results are reported both with and without the bias
correction factor.® For al modds the dependent variable is expressed in logarithms the
coefficient can thus be interpreted as the percentage change in firm vauation associated with a
one unit change in each independent variable.

As the table indicates, later rounds of financing are generdly associated with higher firm

vduations. In paticular, mezzanine round of private finance, acquigtions, and IPOs ae

® The estimates of ?2,?2, and ? associated with the hybrid models are 0.1752, 0.0958, and

0.9190 respectively for the modd reported in column 3 and 0.1748, 0.0964, and 0.9150 for the
modd reported in column 4.
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associated with higher vaduations.  Frms reporting profits are vadued subgstantidly higher, by
about 25 percent, than other firms at the same round in the same line of business.

The importance of sample sdection bias in the daigsicd modds is quite large indeed.
The difference in vauation between a firm tha has a 10 percent probability of having a pricing
event in the sample (?=0.1/0.9=0.11) and one that has a 90 percent probability (?=0.9/0.1=9.0) is
more than 50 percent. Correcting for selection bias influences both the level and precison of the
measure of the vaue of the stock of private equity which we impute from the sample of firms
recaving funding in any period. The coefficients of the sdlection bias-corrected models are
more precisdly edimated, and the coefficients of the more efficiently edtimated hybrid modd
differ from those of the uncorrected mode!.

Each vauation modd dso indudes a st of variables representing time in hdf years
beginning with the first half of 1987. Fgure 1 grgphs the nomind price index derived from these
varidbles as wdl as the 95 percent confidence intervd of that index. The figure is based upon
the preferred specification: the bias-corrected hybrid modd of vauation reported in Table 4,
column 4. The index tracks the vaduation of a “dandardized” venture firm (where firms are
dandardized by the characterigtics reported in Table 3). The figure reports that this index of
venture company prices remained stable between 1987 and 1992 in nomind terms (from an
index value of 100.00 to 104.52), before increasng steadily until 1998 (to 181.60) and then

increasing abruptly in 1999 (to 444.37).

V. An Application

The price index derived in the previous section facilitates some important comparisons

between investment in venture cgpitd and investment in other financid ingruments such as
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common stocks. Of course, with current indtitutional arrangements, it is quite easy to invest in a
pool of common stocks, for example in a mutud fund or derivative of the S&PS00. While
venture cgpital is growing in importance (measured by the amounts outdanding), it is directly
accessible as an invesment for individuds only if they are “accredited” investors, while indirect
invesments for individuds are possble through penson funds. In this section, we illusrate the
potentid role for private equity funds in investment portfolios and assess the posshle
improvements in the risk/return tradeoff from including venture capitd in a portfolio.
Specificdly, we condder a fund or an index whose experience tracks the vaue of firms in the
Sand Hill database during the period 1987-2000. As noted above, this database is the nearest
thing to a comprehensve inventory of the venture capital sector.

We condder the dlocation of an investment portfolio among three types of equities
whose prices are indexed by: the S&P500; the NADAQ index; and the private equity index (PEI)
derived in the previous section. We dso consder investors opportunities to invest in long-term
bonds or T-hills’” We ignore holdings of human capital and owner-occupied housing.

Figure 2 indicates the course of red returns to investments in the S&P500, the NASDAQ Index,
private equity, and long-term bonds during the period 1987-2000. Returns are measured semi-
annudly, as of June 30 and December 31. Returns on private equity are measured by the change
in the PEl minus the consumer price index, in percent. Returns on other equities are measured
amilarly by the red percentage change in the relevant index. For bond returns we use the
average red return for US Treasury 30-year bonds, and T-hills are measured by the average 90

day rate.

" We use the average rates on 90-day T-bills and 30-year bonds from the CRISP database.
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Table BA reports the means, standard deviations, and the corrdaions among red returns
during the period. The average return on T-bills is 1.23 percent per year, while for bonds it is
over two percent. Red returns on private equity averaged more than five percent, substantidly
less than the S&P500. Returns to the NASDAQ index averaged 9.66 percent. Private equity is
subgtantidly more volaile than the S&P500, and dightly more volaile than the NASDAQ.
These are gross returns, not adjusted for transactions codts. The venture capital returns are not
adjusted for the expenses or carry of the venture general partners.

Returns on T-hills and bonds are moderately corrdated while returns to investment in the
S&P500 index and the NASDAQ index are more highly corrdated. In contrast, there is
essentialy no correlaion between the return on private equity investment and the return on other
asets. This suggedsts that there is some role for private equity investment in the portfolios of
qudified investors. The estimated beta between the venture dedls and the S&P500 is 0.04, and
between the venture deds and the NASDAQ it is 0.30. A regression of the index on both the
S&P500 and the NASDAQ index indicates that the index is strongly related to a nonS&P-like
subset of Nasdag. The regressons of the index on the S&P500, on NASDAQ, and on both is
reported in Table 5B.

Table 6 compares the weights on these five assat classes in optima portfolios with
vaying risk and return characterigics. The portfolios, derived by sandard Markowitz
techniques, represent the weights on a portfolio of these five assats that minimize the variance in
the total return a a given level of the expected return. Pand A presents the portfolio alocations
in the absence of investment opportunities in private equity. In the left sde of the table, the
portfolios place no redrictions on short sdes, but they do redrict the portfolio weights so that
investors place no more than +/- 300 percent of ther wedth in any sngle asst. Pand B

indicates the portfolio alocations when private equity is included as an invesment asset. In the
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absence of private equity, the optima strategy, based on the experience of the 1990s, was to go
long in the S&PS00 and to finance the investment through borrowing in bonds and T-hbills. At
higher risks, the S&P Investment is a the condraint, 300 percent of wedth, and the portfolio
shiftsto greater reliance upon NASDAQ.

When investments in venture capitd are permitted, a large fraction of the portfolio is
shifted into the PEI a the highest levels of risk. The reliance upon the NASDAQ is reduced
ubgtantidly as the portfolio of assets shifts to the PEI, and the short postion on T-hills
(borrowing) fals.

It is worth noting that, except at the lowest leve of risk, the optima portfolios never
include short positions on equities.  Investors borrow by sdlling short Fhills and bonds and using
the proceeds to buy equities. The decade of the 1990s was an unusudly good period to have
invested in equities, in case you had not noticed.

The right Sde of Table 6 presents comparable information when no short postions are
permitted on any asst. Agan, Pand A presents the portfolio dlocations in the absence of
invesment opportunities in private equity. When borrowing is not permitted, the risk-return
profile is subgtantialy affected. At low levels of risk, investors portfolios include T-hills and
the S&PS00. At higher levels of risk, investors portfolios are concentrated in the NASDAQ
index.

When private equity invesment is permitted, in Pand B, investment in common stocks is
reduced modestly, and investments in venture capitd are not negligible. At moderate levels of
rik, the portfolio includes a 10-15 percent dlocation to venture capita. At higher levels of risk,
al investment is concentrated in the NASDAQ.

Fgure 3 illudrates the effect of venture investment upon the efficient frontier linking risk

and return.  As indicated in Figure 3A, when borrowing againgt bonds and Thills is dlowed, the
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introduction of venture capitd into the portfolio increases investor returns by about one
percentage point (per haf year) for risky portfolios, and by much less for safer portfolios. When
short sdes are not permitted, Figure 3B, average risks and returns to any portfolio are sharply
reduced. At moderate levels of risk, the introduction of private equities increases the risk-
adjusted rate of return by as much as a quarter percent (per haf year). At higher leves of risk,

however, venture capitd plays no role, as the optima investment portfolio is a pure NASDAQ

play.

VI. Conclusion

This paper reports a method for building an index of venture capital that can be used in
much the same manner that the NASDAQ and the S&P500 are used as indices of the prices of
common socks. Because venture capitd is traded infrequently in thin markets, the technique
uses a repeat-sales gpproach plus a correction for the selection bias present in the observations on
vaue for private equities.

The approach is used to edtimate an index for venture cgpitd usng the Sand Hill
database, a comprehendive database of pricing events for venture companies private rounds of
funding and ultimaie digpogtion. The edimaed price index is rather flat in nomind terms
between 1987 and 1995, after which it rises steadily until 1998, and abruptly through 1999. It
fdls sharply in the last haf year, 1999 Il, for which we have data. The confidence interva
widens congderably in 1999.

The price index does permit some investigation of the role of private equity in diversified
portfolios.  An andyss of the optima dlocation among T-bills bonds, common stocks, and

private equity indicates some role for private equity invesment. In very risky portfolios, in
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which investors sdl short T-bills and bonds, optima investment shares are 20-50 percent of
wedth in venture capitd and 200-300 percent of wedth in the S&P500 and the NASDAQ. In
more redigtic portfolios, in which short postions are not permitted, the portfolios of risk-tolerant
investors may dlocate 10-15 percent of wedth to venture capitd. The incluson of venture

cgpital in a portfolio could increase returns & the same levels of risk by something less than one

percentage point.

Future Research

There are many exciting new topics to be investigated with these data. Firg, it will be
interesting to adjust returnsto reflect the compensation to venture fund LPs. Then we can ask
How does the average venture fund perform compared to non-venture funded private equity and
to the sock market generdly? Do the “premium carry” venture funds earn sufficiently high
returns to justify the additiona carry? How much does the compensation to venture funds affect
the appropriate portfolio alocations? Is there seria correlation in venture fund performance? Do
gpecidized venture funds outperform more diversified venture funds? Does corporate venturing
outperform nortcorporate venturing, specidized or not? And of course, as we accumulate
additiona data, both as time passes plus filling in details of past rounds, we can revist the

questions dready explored here with richer information.
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Table 1

Summary of Private Financing Information

By Round of Financing

Number of Mean Value
Round Observations® of Firms
Seed 566 3,554,028
1st Round 3,353 32,636,252
2nd Round 2,522 50,141,038
3rd Round 1,450 96,650,060
4th Round 414 89,391,308
5th Round 151 38,379,338
6th Round 50 28,416,800
7th Round 10 26,380,000
8th Round 2 14,700,000
9th Round 1 24,400,000
"Later" Round 794 110,418,606
"Mezzanine" Round 387 124,592,831
"Restart” 38 10,751,579
IPO 1,318 241,668,350
Acquisition 899 125,185,462
Bankruptcy 644 1°
Total: 12,599
Notes:

a. Observations include those financing rounds with information on post-round
valuation of the company and the date of the financing round, for January 1, 1987

through March 31, 2000.

b. Value at bankruptcy is assumed to be negligible and is assigned a value of $1.

¢. Rounds that occurred after a "re-start" for a given company are included in the
numbered rounds above (i.e., the first round after a re-start is included in the "1st

Round" figures above).

Source: See text for details of data assembly.



Table 2

Summary of Private Financing Information
Final Financing Round Information for Firms that have Exited

For Preceding Round: At Exit:
Mean number of Mean Mean Mean Mean
Number Days Between Exit& Pre-Round Post-Round Pre-Round Post-Round
of Firms Preceding Round Valuation Valuation Valuation Valuation
IPOs whose Preceding
Financing Round was...
Seed 1 371 2,000,000 3,000,000 4,105,130,000 4,144,000,000
1st Round 120 756 21,834,500 29,874,917 159,352,200 204,016,583
2nd Round 207 601 41,936,570 53,867,729 270,661,966 324,817,072
3rd Round 192 557 64,504,479 76,564,375 212,314,589 265,026,833
4th Round 67 679 66,395,224 73,031,194 132,193,403 177,428,806
5th Round 24 720 49,375,000 55,724,167 135,998,000 173,611,667
6th Round 8 627 23,091,250 26,612,500 62,639,250 89,705,000
7th Round 1 68 63,500,000 67,000,000 119,987,000 161,100,000
8th Round 0
9th Round 0
"Later" Round 194 450 106,765,722 123,886,856 259,576,448 323,741,495
Mezzanine 247 317 69,976,883 81,002,632 160,374,000 200,925,951
"Re-start" 2 620 18,185,000 26,935,000 146,025,000 190,650,000
Acquired Firms whose Preceding
Financing Round was...
Seed 18 784 2,952,222 4,597,222 28,063,889 28,063,889
1st Round 155 766 10,624,065 14,807,548 119,188,194 119,188,194
2nd Round 145 701 25,331,379 33,091,241 140,007,241 140,007,241
3rd Round 112 721 36,005,625 43,430,625 88,616,875 88,616,875
4th Round 45 985 23,383,333 28,145,333 42,118,000 42,118,000
5th Round 13 1,011 29,756,154 33,565,385 43,676,923 43,676,923
6th Round 10 795 23,210,000 28,320,000 50,704,000 50,704,000
7th Round 0
8th Round 0
9th Round 0
"Later" Round 48 818 33,514,792 39,476,250 202,685,417 202,685,417
Mezzanine 40 724 56,834,750 67,346,500 87,495,250 87,495,250
"Re-start" 2 1,271 5,300,000 8,500,000 14,180,000 14,180,000
Bankrupt Firms whose Preceding
Financing Round was...
Seed 26 1,745 1,196,154 1,909,615 1 1
1st Round 119 1,649 7,301,261 10,962,353 1 1
2nd Round 102 1,786 9,862,647 14,399,902 1 1
3rd Round 85 1,852 20,879,412 27,279,412 1 1
4th Round 27 2,024 20,970,370 25,472,222 1 1
5th Round 18 2,524 24,055,556 28,933,333 1 1
6th Round 3 2,786 23,600,000 33,000,000 1 1
7th Round 3 2,714 15,666,667 18,833,333 1 1
8th Round 1 3,232 7,600,000 8,300,000 1 1
9th Round 0
"Later" Round 25 1,396 22,739,600 27,638,400 1 1
Mezzanine 11 1,838 40,772,727 49,190,909 1 1
"Re-start" 7 1,292 2,535,714 5,028,571 1 1

Source: See text for details of data assembly.



Table 3

Probit Models of the Probability of New Private Equity Finance, IPO,
Acquisition and Bankruptcy by half year, 1987-2000

(t-ratios in parentheses)

Private IPO Acquisition Bankruptcy
Equity

Business Group

Healthcare -0.170 -0.172 0.053 0.119

(4.15) (2.35) (0.83) (1.31)
Information -0.207 -0.060 -0.069 0.078
Technology (5.24) (0.85) (1.14) (0.92)
Retail & -0.188 -0.071 0.235 0.048
Services (4.44) (0.93) (3.45) (0.52)

Development Status

Product -0.208 -0.103 0.103 -0.159
Development (8.28) (1.53) (2.18) (2.54)
Beta Testing -0.256 0.324 0.097 -0.156
(5.66) (2.42) (1.19) (1.42)
Clinical Trials -0.055 -0.332 0.303 -0.084
(0.92) (3.37) (2.51) (0.57)
Product -0.036 -0.226 -0.025 -0.088
Shipping (1.43) (3.63) (0.58) (1.50)
Profitable 0.313 -0.615 -0.073 -0.334
(8.13) (9.08) (1.30) (3.33)
Restart 0.111 0.054 -0.077 -0.271
(1.39) (0.35) (0.69) (1.89)

Round Class®?

Round 1 0.263 -0.588 -0.201 0.231
(9.88) (4.21) (3.32) (3.30)

Round 2 0.333 -0.886 -0.353 0.129
(11.45) (6.33) (5.63) (1.76)

Restart 0.505 -1.254 -0.426 -0.051
(17.33) (9.04) (6.91) (0.72)

Later Round 0.323 -0.665 -0.264 -0.086

(4.15) (3.10) (2.02) (0.54)




Table 3 (Continued)
Probit Models of the Probability of New Private Equity Finance, IPO,
Acquisition and Bankruptcy by half year, 1987-2000
(t-ratios in parentheses)

Private IPO Acquisition Bankruptcy
Equity
Interval® 0.5471 0.229 0.028 0.343
(thousands) (37.20) (10.14) (1.78) (21.31)
S&P Index 0.007 0.052 0.014 0.200
(x10% (1.42) (5.12) (1.48) (6.17)
Time® -0.008 -0.030 -0.024 -0.168
(3.31) (5.80) (5.05) (8.60)
Constant 0.589 3.280 2.547 4,963
(12.18) (20.73) (28.52) (18.70)
Number of zeros 42282 50032 49869 50708
Number of ones 9070 1320 1483 644

Notes

a. Development Status and Round Class are recorded for the round of financing immediately

preceding the current half year.

b. Interval is the number of days (in thousands) from the last round of financing to the beginning of
the current half year.

c. Time is measured in half years, beginning in 1987.



Table 4
Valuation of Private Equity Firms

Uncorrected Models Selection bias-corrected
Models
Repeat Hybrid Repeat Hybrid
Financing Round :
Seed
15.130 15.026 15.317 14.868
(174.19) (271.13) (176.13) (263.15)
Round 1 15.868 15.979 15.971 15.821
(234.08) (395.60) (237.06) (376.52)
Round 2 16.392 16.739 16.506 16.572
(263.52) (429.39) (267.06) (405.07)
Round 3 16.392 17.211 16.825 17.032
(263.52) (430.19) (277.80) (403.82)
Round 4 16.716 17.402 16.972 17.235
(274.24) (356.81) (253.79) (343.05)
Round 5 16.849 17.435 17.048 17.260
(250.37) (270.60) (209.32) (263.31)
Round 6 16.900 17.346 17.122 17.188
(206.37) (175.57) (148.41) (173.42)
Round 7 16.945 16.762 16.763 16.701
(146.17) (92.95) (77.39) (93.00)
Round 8 16.646 17.146 16.597 16.991
(76.48) (39.48) (35.41) (39.29)
Round 9 16.372 17.583 16.791 17.431
(34.75) (28.80) (28.22) (28.67)
Later Round 16.599 17.449 16.962 17.285
(27.75) (395.82) (264.05) (378.45)
Mezzanine 16.834 17.761 17.128 17.594
(260.39) (359.07) (257.63) (345.61)
Restart 16.976 16.105 15.754 15.848
(253.73) (115.31) (112.29) (112.83)
IPO 15.619 18.278 17.545 18.116
(110.71) (428.44) (277.61) (409.33)
Acquisition 17.386 17.329 16.980 17.198
(273.44) (387.68) (267.29) (376.90)




Table 4

(Continued)
Uncorrected Models Selection bias corrected
Models
Repeat Hybrid Repeat Hybrid
Development Status:
Startup 0.198 -0.189 0.174 -0.227
(1.26) (2.66) (1.12) (3.21)
Product 0.346 0.074 0.376 0.015
Development (2.28) (1.14) (2.48) (0.24)
Beta Testing 0.423 0.152 0.436 0.078
(2.71) (2.10) (2.81) (1.07)
Clinical Trials 0.374 0.148 0.365 0.095
(2.33) (1.91) (2.28) (1.23)
Product 0.419 0.206 0.415 0.151
Shipping (2.77) (3.28) (2.76) (2.42)
Profitable 0.605 0.355 0.592 0.392
(3.95) (5.23) (3.88) (5.79)
Restart -0.256 -0.626 -0.182 -0.626
(1.49) (6.51) (1.06) (6.54)
Business Group:
Healthcare 0.276 0.195
(4.31) (3.05)
Information 0.487 0.400
Technology (7.83) (6.42)
Retail & 0.334 0.288
Services (4.97) (4.30)
Mill's Ratio -0.094 -0.082
(6.82) (12.96)
R? adjusted 0.864 0.914 0.864 0.916
Number of
Observations 12553 9263 12553 9263

Note: The hedonic model, equation (1) in the text, includes observations on 12,553
rounds of financing on 5,607 firms and is estimated by ordinary least squares. The
hybrid model, equation (5a), (5b) and (5c) in the text, includes observations on 6,920
pairs of firm valuations and 2,343 individual valuations of firms. This model is estimated



by generalized least squares. All models also include 26 dummy variables representing
time in half years beginning with 1987 1.



Table 5A
Means, Standard Deviations, and Correlations among Five Asset Returns

T-hills Bonds Private Equity S&P500 NASDAQ

Mean 0.0125 0.0190 0.0406 0.0543 0.0651
Standard Deviation 0.0066 0.0799 0.1456 0.0911 0.1445
Corrdations:

T-hills 1.0000 0.3742 0.1604 0.2275 0.0779
Bonds 1.0000 -0.3154 0.3807 0.2079
Private Equity 1.0000 0.0439 0.2966
S& P 500 1.0000 0.8403

NASDAQ 1.0000




Table 5B
Regression of the QuigWood Index on the S&P500, NASDAQ, and on both.

Dependent Variable: QuigWood Index
Mean dependent var 1.069
S.D. dependent var 0.157
Period: 1987:1 to 1999:2

Variable Coefficient Std. Error t-Statistic
C 1.039 0.394 2.635
SANDP 0.029 0.369 0.078

R-squared 0.00026

Adj R-sq -0.04140

F stat 0.0061

Prob (F) 0.9383
C 0.598 0.211 2.840
NASDAQ 0.429 0.190 2.260

R-squared 0.17547

Adjusted R-squared 0.14112

F stat 5.1076

Prob (F) 0.0332
C 1.299 0.329 3.944
NASDAQ 0.911 0.252 3.617
SANDP -1.156 0.445 -2.599

R-squared 0.362704

Adjusted R-squared 0.307287

F stat 6.5450

Prob (F) 0.0056



Table 6

Optima Portfolios
Four Financid Instruments and Private Equity

A. Unrestricted Portfolios B. No Short Positions
Four Financial Assets Four Financial Assets
Returns Risk T-bills Bond S&P500 NASDAQ Private Equity Returns Risk T-bills Bond S&P500 NASDAQ  Private Equity
0.0121  0.0062  1.0302 -0.0211 -0.0206 0.0115 0.0000 0.0125 0.0066 1.0000 0.0000  0.0000  0.0000 0.0000
0.0422 0.0631 0.4366 -0.2063 0.8778 -0.1082 0.0000 0.0184 0.0151 0.8602 0.0000 0.1398 0.0000 0.0000
0.0722 0.1257 -0.1570 -0.3915 1.7763 -0.2279 0.0000 0.0242 0.0269 0.7205 0.0000 0.2795 0.0000 0.0000
0.1022  0.1885  -0.7505 -0.5767 2.6747 -0.3475 0.0000 0.0300 0.0392 05807 0.0000  0.4193  0.0000 0.0000
0.1323 0.2535  -1.3517 -0.6192 3.0000 -0.0292 0.0000 0.0359 00516 0.4410 0.0000  0.5590  0.0000 0.0000
0.1623 0.3259 -1.9572 -0.5807 3.0000 0.5378 0.0000 0.0417 0.0641 0.3012 0.0000 0.6988 0.0000 0.0000
0.1923  0.4022  -2.5626 -0.5422 3.0000 1.1048 0.0000 0.0475 0.0766 0.1615 0.0000  0.8385  0.0000 0.0000
0.2224  0.4807  -3.0000 -0.6955 3.0000 1.6955 0.0000 0.0534 00891 0.0217 0.0000  0.9783  0.0000 0.0000
0.2524 0.5639 -3.0000 -1.3478 3.0000 2.3478 0.0000 0.0592 0.1109 0.0000 0.0000 0.5421 0.4579 0.0000
0.2824 0.6512 -3.0000 -2.0000 3.0000 3.0000 0.0000 0.0651 0.1445 0.0000 0.0000 0.0000 1.0000 0.0000
Four Financial Assets and Private Equity Four Financial Assets and Private Equity
Returns Risk T-hills Bond S&P500 NASDAQ Private Equity Returns Risk T-hills Bond S&P500 NASDAQ  Private Equity
0.0117 0.0058  1.0605 -0.0320 -0.0365 0.0264 -0.0184 0.0125 0.0066 1.0000 0.0000  0.0000  0.0000 0.0000
0.0441 0.0621 0.1709 -0.0697 0.9568 -0.2558 0.1978 0.0184 0.0144 0.8512 0.0000 0.1213 0.0000 0.0274
0.0766  0.1238  -0.7188 -0.1074 1.9501 -0.5380 0.4140 0.0242 0.0254 0.7018 0.0000  0.2413  0.0000 0.0569
0.1091 0.1856  -1.6084 -0.1451 2.9434 -0.8201 0.6302 0.0300 0.0369 0.5524 0.0000 0.3613  0.0000 0.0863
0.1416 0.2536 -2.4881 0.0352 3.0000 -0.3741 0.8270 0.0359 0.0484 0.4030 0.0000 0.4813 0.0000 0.1157
0.1741 0.3307 -3.0000 -0.1271 3.0000 0.2233 0.9038 0.0417 0.0600 0.2536 0.0000 0.6013 0.0000 0.1452
0.2066  0.4185  -3.0000 -0.7855 3.0000 0.9702 0.8153 0.0475  0.0717 01042 0.0000 07212  0.0000 0.1746
0.2390 0.5126 -3.0000 -1.4439 3.0000 1.7171 0.7268 0.0534 0.0855 0.0000 0.0000 0.8339 0.0560 0.1101
0.2715 0.6102 -3.0000 -2.1023 3.0000 2.4641 0.6382 0.0592 0.1109 0.0000 0.0000 0.5421 0.4579 0.0000
0.3040 0.7137  -3.0000 -3.0000 3.0000 3.0000 1.0000 0.0651  0.1445 0.0000 0.0000  0.0000  1.0000 0.0000

Note: “Returns’ are average semi-annua investment returns, “risks’ is the sandard deviation of returns. Entries are portfolio weights
imposing the congtraint that investment in no single asset can exceed |300 percent| of wedlth.



Appendix Table Al

Summary of Private Financing Information
By Firm and Type of Business

Total Number of Number of Firms with
Firms? Usable Financing Data”
Business Group
Healthcare 1,621 1,332
Information Technology 4,194 3,107
Retail & Cons/Bus Prod/Serv 1,736 1,016
Other 214 152
Total Business Group: 7,765 5,607
Business Segment
Biopharmaceuticals 519 451
Healthcare 338 256
Medical Devices 556 471
Medical IS 207 153
Other Medical 1 1
Communications 930 690
Electronics 585 472
Information Services 643 397
Semiconductors 274 218
Software 1,755 1,327
Other IT 7 3
Consumer Products 206 127
Consumer Services 1,167 642
Retailers 360 245
Other Retail 3 2
Other Companies 214 152
Total Business Segment: 7,765 5,607

Notes:

a. Includes all companies in the merged V1-VE database between January 1, 1987-March 31,
2000.

b. Includes only companies that have had one financing round for which information on pre-
and post-round valuation of the company is available.

Source: See text for details of data assembly.






Status of Development by Financing Round for Firms Receiving Private Financing

Appendix Table A2

Product in Product in Product in Product Firm Firm
Start-Up Development BetaTesting Clinical Trials Shipping Profitable Re-Starting N/A Total
Seed 342 156 5 3 58 0 0 2 566
1st Round 367 1,331 96 38 1,354 140 17 10 3,353
2nd Round 6 768 121 63 1,420 113 7 24 2,522
3rd Round 0 243 69 63 975 70 9 21 1,450
4th Round 0 52 11 18 257 41 10 25 414
5th Round 0 9 3 1 102 15 4 17 151
6th Round 0 2 0 2 32 10 1 3 50
7th Round 0 0 0 0 7 1 1 1 10
8th Round 0 0 0 0 2 0 0 0 2
9th Round 0 0 0 0 1 0 0 0 1
“Later" Round 0 56 16 23 575 111 13 0 794
Mezzanine 0 48 7 29 220 78 0 5 387
"Restart" 0 0 3 0 8 1 26 0 38
IPO 0 111 5 71 667 451 0 13 1,318
Acquisition 2 99 23 14 554 182 3 22 899
Bankruptcy 9 103 18 11 400 36 15 52 644
Total: 726 2,978 377 336 6,632 1,249 106 195 12,599

Source: See text for details of data assembly.



