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Abstract 
 
 

We use the CAPM and a database of recent high-technology IPOs to estimate opportunity 

cost of capital for venture capital investors and entrepreneurs.  The entrepreneur faces the 

risk-return tradeoff of the CAPM as the opportunity cost of holding a portfolio that 

necessarily is underdiversified.  We model the entrepreneur’s opportunity cost by 

assuming the venture financial claim and a market index comprise the entrepreneur’s 

portfolio.  We use the database to estimate total risk and correlation with the market and 

to examine how these estimates and opportunity cost of capital vary with 

underdiversification and by industry and maturity of early-stage companies.  Equity of 

newly public, high-technology firms generally is more than five times as risky as the 

market and correlations of returns with the market returns generally are below 0.2.  

Assuming reasonable market parameters and reasonable levels of underdiversification, 

the entrepreneur’s opportunity cost is more than twice that of a well-diversified investor.   

 
 



Cost of Capital for Venture Capitalists and Underdiversified Entrepreneurs* 
 
 

 In this paper we use capital market data to generate evidence on required rates of returns 

for well-diversified venture capital investors and underdiversified entrepreneurs.  For venture 

capital investors, the analysis is straightforward.  As venture capitalists represent well-diversified 

investors, the capital asset pricing model (“CAPM”) is as appropriate for valuing venture capital 

financial claims as it is for valuing any illiquid capital investment in a real asset by a publicly 

held corporation.  We use the recent episode of IPOs to construct a database on the beta risk 

characteristics of early-stage companies in high-tech industries and to examine the determinants 

of beta risk.  We use the typical contract structures of venture capital funds to derive estimates of 

required rates that are sufficient to compensate both the financial capital supplied by limited 

partners and the human capital supplied by the fund manager.    

Inferring required rates of return for entrepreneurs from capital market data is more 

difficult.  Because an entrepreneur must commit a significant fraction of financial and human 

capital to a single venture, the entrepreneur’s required rate of return must reflect the total risk of 

the venture, the correlation of that risk with the risk of the entrepreneur’s other investment 

opportunities, and achievable diversification.1  To base estimates of required rates for 

entrepreneurs on data for publicly held corporations, we assume that the entrepreneur holds a 

two-asset portfolio, consisting of investments in the venture and in the market.  We examine how 

                                                 
* We thank Gerald Garvey, Christian Keuschnigg, and Jackie So for comments on earlier drafts.  We have also 
benefited from comments of participants in the 2001 European Financial Management Association conference and 
the 2001 Entrepreneurial Finance and Business Ventures Research Conference.   
1 The entrepreneur’s underdiversification is similar to that of a public corporation executive whose compensation 
includes illiquid stock options or company equity.  Though her focus in on compensation rather than capital 
investment, Meulbrook (2001) uses a model similar to ours to examine the efficiency of option-based compensation.  
Her efficiency measures employ market estimates of holding period returns rather than endogenously determined 
equilibrium holding period returns.  The equilibrium adjustments are a significant focus of this paper and accounts 
for material increases in the opportunity cost of capital of an underdiversified investor.      
 



 

 

 

2  

the relative weights of these two assets affect the total risk of the entrepreneur’s portfolio.  

Founded on the entrepreneur’s opportunity to forego the venture and to duplicate the total risk of 

the portfolio by leveraging an investment in the market, we estimate the opportunity cost of 

capital for the entrepreneur’s underdiversified portfolio.  Our estimates are based on evidence of 

venture total risk and correlation of venture returns with market returns from the sample of high-

tech IPOs.  We solve algebraically for the entrepreneur’s opportunity cost of investing in the 

venture.   

We use the risk-adjusted discount rate form of the CAPM to determine how 

underdiversification affects opportunity cost of capital.  We also use the certainty-equivalent 

form of the CAPM to determine how underdiversification affects the risk-adjusted present value 

of cash flows.  When total risk affects value, and market assets of equivalent total risk are 

difficult to find, the certainty-equivalent approach is easier to use than the risk-adjusted discount 

rate approach.   

In Section I, we introduce the valuation method and reconcile theoretically based 

opportunity costs of capital for venture capital investors with the hurdle rates that commonly are 

used in traditional venture capital valuation approaches.  In Section II, we draw on financial 

economic theory to infer the minimum required rate of return (i.e., opportunity cost of capital) 

and present valued cash flow for an entrepreneur who is undertaking a venture that requires a full 

commitment of wealth and effort.2  Based on necessary underdiversification, the entrepreneur’s 

opportunity cost is higher than that of a venture capitalist or other well-diversified investor.  

Equivalently, the present-valued cash flow is lower for the entrepreneur than for a well-

diversified investor.  In Section III, we extend the analysis to consider opportunity cost of capital 
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and present-valued cash flow for an entrepreneur who is able to allocate a portion of total wealth 

to a portfolio of market assets.  The opportunity cost of capital and present value of cash flow 

depend on the entrepreneur’s ability to allocate wealth between the venture and the market 

portfolio.  Because the outside investor and the entrepreneur have different opportunity costs, 

they can use their contractual allocations of risk and return to increase the value of the venture.  

In Section IV, we use data on the risk characteristics of stock returns of high-technology 

companies to examine, empirically, the new venture opportunity cost of capital for both well-

diversified investors and entrepreneurs who are constrained to be underdiversified.   

I.  Opportunity Cost of Capital for Venture Capital Investors 

A number of researchers have attempted to infer required rates of returns on venture 

capital investments by studying realized returns.3  However, historical realized returns provide an 

imprecise basis for ex ante projections.  Because venture capital investing is a recent 

phenomenon, historical returns are based on a few years of (possibly idiosyncratic) activity.  

Furthermore, as Cochrane (2001) documents, the distribution of realized returns is highly 

skewed, with a few large wins offsetting many losses.  Consequently, estimates based on realized 

returns are highly sample dependent.  Furthermore, existing evidence of realized returns has not 

been useful for assessing how required rates of return vary by new venture industry, venture size, 

or stage of development.    

In this paper, we take a different approach.  We begin by recognizing that well-diversified 

institutional investors dominate venture capital investment and limit their total investments in 

                                                                                                                                                             
2 Because of personal risk tolerance, an entrepreneur may demand a higher expected return than is implied by the 
expected return on an equivalently risky investment in a leveraged market portfolio.  In recognition of this 
distinction, we do not use “opportunity cost of capital” and “required rate of return” as synonyms. 
3 See, e.g., Ibbotson and Brinson (1987), Martin and Petty (1983), Bygrave and Timmons (1992), Gompers and 
Lerner (1997), Venture Economics (1997, 2000).  These studies find gross-of-fee realized rates of return ranging 
from 13 to 31 percent.  In a recent comprehensive study of realized returns, after correcting for bias due to 
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venture capital so as to not adversely impact overall liquidity.  The implication is that required 

returns are governed by the same portfolio theory and opportunity cost of capital reasoning that 

routinely is applied to investments in liquid assets such as common stock and to illiquid 

investments in real assets by publicly held corporations.   

A. Estimating Cost of Capital with the Risk-Adjusted Discount Rate Approach 

To derive estimates of required rates of return to venture capital investing, we apply the 

CAPM to empirical measures of systematic risk for newly public companies in industries where 

venture capital investing is common.  Our estimation approach is possible because of the high 

level of IPO activity by early-stage companies in the late 1990s.  These data enable us to test 

whether the beta risk of a company is systematically related to the company’s industry, size, and 

stage of development.  Because our analysis is based on empirical measures of risk rather than on 

realized returns, estimates of expected returns can be developed from forward-looking 

projections of market risk premia and risk-free rates.  In contrast to studies of historical returns, 

our approach is less sample-dependent.  Although we rely on data for public companies, our 

estimates do not appear to suffer from the systematic selection biases that can affect studies of 

realized returns.4    

 In risk-adjusted-discount-rate form, the investor’s opportunity cost of capital, Investor
Venturer , is: 

( )( ) )(/, FMVentureFFMM
Investor
VentureMVentureF

Investor
Venture rrrrrrr −+=−+= βσσρ                  (1) 

where Fr  is the risk-free rate, Mr  is the expected return on investment in the market index 

portfolio, MVenture,ρ is the correlation between venture returns and market returns, M
Investor
Venture σσ /  is 

                                                                                                                                                             
unobservability of returns on poorly performing investments, Cochrane (2001) finds geometric average returns on 
venture capital investments of 5.2 percent.  However, due to skewness, the arithmetic average is 57 percent. 
4 Cochrane (2001), in his study of realized returns, generates maximum likelihood estimates of beta and total risk, 
correcting formally for selection bias.  His estimates of beta and total risk are similar to ours. 



 

 

 

5  

the standard deviation of venture returns divided by the standard deviation of market returns, 

and Ventureβ is the beta risk of the venture.5   

All variables in equation (1) are defined over the relevant holding period, i.e., from time 

of investment in the venture to expected time of harvest.  The standard deviation measures in the 

equation (and, therefore, the measure of beta) are standard deviations of equilibrium holding 

period returns, where equilibrium refers to the standard deviation of holding period returns at the 

point where the present value of the expected future cash flow is correct.6   

B. Comparing Cost of Capital Estimates to Historical Venture Capital Returns 

 Our reliance on the CAPM may appear to be inconsistent with the common practice of 

venture capitalists, who claim to seek very high rates of return.7  However, there is no 

inconsistency.  The high sought-for rates are related to a conventional approach to venture capital 

investing whereby the investor uses an artificially high hurdle rate to discount only a “success 

scenario” projection for the venture.  The investor does not explicitly value scenarios other than 

success.  Rather, by biasing the discount rate upward, the investor implicitly addresses prospects 

for failure and for less-than-envisioned performance.8   

                                                 
5 Equation (1) assumes the investor requires no additional return for bearing liquidity risk that is greater than that of 
investment in the market portfolio.     
6 That is, for a zero-NPV investment of one dollar, with expected return, Investor

Venturer , the investor’s standard deviation 

of holding period returns, Investor
Ventureσ , equals the standard deviation of the venture’s expected cash flows, 

VentureCσ , 
divided by the one-dollar present value. 
7 Bygrave and Timmons (1992), for example, note, “A 1984 congressional survey found that independent private 
venture capital firms expected a minimum annualized rate of return on individual investments that ranged from 75% 
for seed-stage financing to about 35% per year for bridge financing.”  Rich and Gumpert (1991) state, “Because risk 
and reward are closely related, investors believe companies with fully developed products and proven management 
teams should yield between 35% and 40% on their investment, while those with incomplete products and 
management teams are expected to bring in 60% annual compounded returns.”  In these statements, the cited 
percentages properly are interpreted as targets for analysis of a success scenario, and not as statistical expectations.  
Roberts and Stevenson (1991) say of venture capital that, “Target returns of 50% to 60% are not uncommon.” 
8 This approach sometimes is referred to as the Venture Capital Method of valuation.  For discussion of the Venture 
Capital Method, see “A Note on Valuation in Private Equity Settings,” Harvard Business School note 9-297-050, 
October 31, 1996; “A Note on Valuation in Venture Settings,” Harvard Business School note 295-064; and “A 
Method for Valuing High-Risk, Long-Term Investments,” Harvard Business School note 9-288-006, June 1989. 
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Historical realized returns to venture capital investing are more consistent with financial 

economic theory.  For example, the CAPM suggests average gross-of-management-fee returns of 

15 to 25 percent on venture capital.  Evidence on public venture capital portfolios and venture 

capital-backed public companies implies that the betas of venture capital investments range from 

less than 1.0 to more than 2.0. 9  Using eight percent as the market risk premium and four percent 

as the risk-free rate, a beta of 1.0 yields a cost of capital of 12 percent.  This is an estimate of the 

expected net-of-management-fee return; i.e., an estimate of the required return to the limited 

partners in a venture capital fund. 

Venture capital limited partnerships segregate returns to the general partner from returns 

to limited partners.  The general partner’s fee typically is 20 percent of returns after initial 

investment capital has been returned to the limited partners, plus a management fee equal to 

about 2.5 percent of committed capital.10   Adding five percent to the historical net-of-

management-fee return as a rough estimate of management fees and carried interest, a beta of 1.0 

yields an expected gross-of-management-fee return of 17 percent.  The gross-of-fee return 

represents the cost of raising capital from a venture capital fund.  The spread between the gross-

of-fee return and the net-of-fee return represents the general partner’s expected return to effort.11 

Investors sometimes seek to justify higher expected returns on the bases of 

underdiversification and illiquidity.  However, neither rationale can survive scrutiny.  The 

underdiversification of a venture capital fund is no different than for any public company.  As 

implied by portfolio theory, the parties who choose to invest in venture capital as limited partners 

generally are institutional investors that are well diversified in their aggregate holdings.  With 

                                                 
9 Based on one investor group, Gompers and Lerner (1997) find a portfolio beta of 1.08.  For a broad-based sample, 
Cochrane (2001) reports maximum likelihood estimates of beta of 0.88 to 1.03 against the S&P500 and 0.98 to 1.29 
against the NASDAQ Index. 
10 See Sahlman (1990) and Gompers and Lerner (1999). 
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respect to diversification, their investments in new ventures are not fundamentally different from 

their other holdings.   

The argument that investors must be compensated for bearing risk associated with 

illiquidity is similarly unconvincing.  As long as investors in venture capital funds have adequate 

liquidity in their other holdings, they bear no significant cost for sacrificing liquidity with respect 

to some small fraction of their assets.12  Accordingly, unless the aggregate demand for capital to 

finance illiquid investments is very high, so that the aggregate supply must be rationed, there is 

no competitive capital market justification for venture capital investors to require compensation 

for illiquidity.13 

C. Addressing the Endogeneity of Equilibrium Risky Rates of Return 

Equation (1) is a risk-adjusted-discount-rate valuation model.  Because opportunity cost 

in equation (1) depends on holding period returns that are measured in equilibrium, the 

opportunity cost and standard deviation of returns are simultaneously determined.  However, the 

problem is circumvented when project betas are inferred from data on comparable publicly 

traded securities.  The certainty-equivalent model also circumvents the simultaneity problem.  It 

does so by using uncertainty of cash flows (instead of holding period returns) to risk-adjust and 

discount expected cash flows.  Equation (2) is the certainty-equivalent form of the CAPM: 

F

FM
M

CMVenture
Venture

Investor
Venture r

rrC
PV

Venture

+

−−
=

1

)(,

σ
σρ

.   (2) 

                                                                                                                                                             
11 For angel investors there is no segregation between returns to financial capital and returns to human capital, so the 
gross return is a combined return to capital and effort.  
12 One can argue, as Longstaff (1995) does, that an investor with private information or market timing ability is made 
worse off by illiquidity.  However, if the marginal venture capital investor has no market timing ability or 
informational advantage, foregoing liquidity does not adversely affect the investor’s expected return.  The argument 
does not imply that required returns to illiquid assets will be higher, only that investors with market timing ability 
will not be the ones who invest in illiquid assets.  
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where VentureC  is the expected harvest cash flow from investing in the venture, and 
VentureCσ  is the 

standard deviation of the venture cash flow at harvest.  With an estimate of 
VentureCσ  developed, for 

example, from a model of the venture, and an estimate of MVenture ,ρ  derived from data on 

comparable public firms, Investor
VenturePV  can be estimated.  To assess whether the assumption about 

VentureCσ  is reasonable, the resulting value can be used to compute the implicit values of Investor
Ventureσ  

and Ventureβ , and compared with public firm betas.   

II.  Opportunity Cost of Capital for Entrepreneurs Making Full Commitments  

The entrepreneur’s cost of capital has received no previous attention in the academic 

literature.  Rather, the entrepreneur’s decision to undertake a venture often is viewed as a 

qualitative choice, having to do with taste for being one’s own boss, lifestyle preference, and 

tolerance for risk.  The lack of attention to opportunity cost is unfortunate.  The decision to 

undertake a venture is among the most risky of investment decisions and usually requires that the 

entrepreneur commit a significant fraction of financial and human capital.  Risk and 

underdiversification make quantitative considerations central to the decision to become an 

entrepreneur and to the design of financial contracts between entrepreneurs and investors.   

Using the CAPM framework, we derive estimates of the entrepreneur’s opportunity costs 

of investing wealth and human capital in a new venture.  The CAPM assumes that, by 

diversifying, investors can avoid non-systematic risk.  In contrast, the entrepreneur unavoidably 

                                                                                                                                                             
13 Consistent with the negligible effect of illiquidity, in a recent study, Moskowitz and Vissing-Jorgenson (2000) use 
data from the survey of consumer finances and other information to examine returns to all private equity.  They find 
that the mean and standard deviation of returns are similar to those of an index of publicly traded equity.   
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bears not just the market risk of the venture, but also its total risk.14  Accordingly, opportunity 

cost of capital can be materially higher for the entrepreneur.   

“Full commitment” is a hypothetical extreme case, where a prospective entrepreneur must 

choose between committing all wealth and human capital to a venture or, alternatively, holding 

all wealth in a market portfolio.15  Full commitment means that the entrepreneur’s commitment 

of resources to the venture is total and irrevocable.  More realistically, the entrepreneur’s human 

capital commitment is for a limited period and some of the entrepreneur’s financial assets (e.g., 

pension fund savings) cannot be invested in the venture.  We relax the full-commitment 

assumption in Section III. 

Setting aside a possible preference for self-employment and similar considerations, we 

derive the entrepreneur’s minimum required return based on the opportunity cost of investing in 

a well-diversified market portfolio that is leveraged to achieve a risk level equivalent to that of a 

full commitment to the venture.16  The opportunity to leverage an investment in the market 

portfolio to match the risk of the venture and to achieve a commensurately higher expected return 

provides an opportunity cost basis for pricing the risk of an entrepreneurial investment.17  Aside 

from utilitarian considerations like job satisfaction, which may alter the entrepreneur’s valuation, 

the venture should not be undertaken unless the entrepreneur expects it to provide a rate of return 

                                                 
14 The focus on total risk is appropriate in part because entrepreneurial ventures are non-market assets.  We assume 
the venture under consideration is specific to the entrepreneur and cannot be duplicated by others who are able to 
diversify more fully. 
15 The entrepreneur’s human capital, even if not invested in the venture, also is an underdiversified asset.  To focus 
on the new venture investment decision, we abstract from this additional complexity.  See Mayers (1976) for analysis 
of how underdiversified human capital affects an investor’s optimal portfolio. 
16 Qualitative factors, like preference for self-employment, are more appropriately addressed by adjusting cash flows 
than adjusting the discount rate.  Changes in diversification affect the entrepreneur’s opportunity cost of investing 
and the value of expected cash flows, but, presumably, do not affect the entrepreneur’s perceived value of self-
employment or other qualitative considerations. 
17 Because market opportunity cost does not reflect the individual’s risk-tolerance, opportunity cost is only a lower 
bound on required return.  Garvey (2001) models investor risk aversion and includes cash as a third asset in the 
underdiversified investor’s portfolio.  He finds that opportunity cost provides a reasonable approximation of the 
exact required rate of return over a wide range of risk aversion levels. 
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at least as high as an investment in the market portfolio that is leveraged to the point of being as 

risky as the prospective venture.   

We use the Capital Market Line (“CML”) that underlies the CAPM to estimate the 

entrepreneur’s opportunity cost.  Because an entrepreneur who must make a full commitment 

cannot offset venture risk by diversifying, the entrepreneur’s cost of capital depends on total risk.  

Thus, based on the CML, the entrepreneur’s opportunity cost of capital, urEntreprene
Venturer , is: 

( )( )FMM
urEntreprene

VentureF
urEntreprene

Venture rrrr −+= σσ / ,     (3) 

where M
urEntreprene

Venture σσ /  is the standard deviation of venture returns divided by the standard 

deviation of market returns.  Variables in equation (3) are defined over the holding period.   

Because the standard deviation measures in the equation are of the entrepreneur’s 

equilibrium holding period returns, there is no way to use equation (3) and public company data 

directly to estimate the entrepreneur’s opportunity cost.  Even if the market risks of new ventures 

and public companies are similar, the total risk of new venture investment is likely to be higher.  

Further, there is very little public data on the levels and determinants of total risk, even for public 

companies.  Furthermore, as the entrepreneur cannot diversify, the equilibrium present value of 

future cash flows is lower and standard deviation of holding period return is higher than for a 

well-diversified venture capital investor. Consequently, identical financial claims have higher 

betas and higher total risk for underdiversified entrepreneurs than they do for well-diversified 

investors.  

 We address these problems by emphasizing the certainty-equivalent model and by 

providing evidence on the determinants of total risk of public companies.  If public data on total 

risk of holding period returns are adequate, the entrepreneur’s investment in a venture can be 

valued by discounting cash flows at the risk-adjusted discount rate.  If public data are not 
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adequate, but the total risk of cash flows can be estimated, the investment can be valued by risk-

adjusting the expected cash flows.  Equation (4) is a certainty-equivalent model for a full-

commitment entrepreneur that is consistent with the equilibrium result from equation (3). 

 
F

FM
M

C
Venture

urEntreprene
Venture r

rrC
PV

Venture

+

−−
=

1

)(
σ

σ

    (4) 

 

III.  Opportunity Cost of Capital for Entrepreneurs Making Partial Commitments  

 Entrepreneurs can undertake new ventures without committing their entire financial and 

human capital.  Still, they must commit large fractions of total wealth and are substantially 

underdiversified.  To examine how underdiversification affects the entrepreneur’s opportunity 

cost, we consider an entrepreneur who can allocate a portion of total wealth to a well-diversified 

market portfolio.   

Based on the opportunity cost criterion, an entrepreneur’s required return for investing in 

a venture must reflect attainable diversification.  We use a three-step process to estimate the 

opportunity cost of capital of an underdiversified entrepreneur.  First, we estimate the standard 

deviation of returns on the entrepreneur’s total portfolio of risky assets.  Second, we use the CML 

to estimate the portfolio opportunity cost of capital.  Third, we set the portfolio opportunity cost 

equal to the weighted average of opportunity costs of the market and the venture, and solve for 

the venture opportunity cost of capital. 

 The standard deviation of the entrepreneur’s two-asset portfolio is given by the customary 

expression: 

 MVentureMVentureMVentureMMVentureVenturePortfolio xxxx σσρσσσ ,
2222 2++=   (5) 
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where Venturex and Mx are the entrepreneur’s value weights of investment in the venture and in the 

market.  Substituting Portfolioσ  for Ventureσ  in equation (3) gives the equilibrium opportunity cost of 

the entrepreneur’s portfolio, Portfolior .  The portfolio opportunity cost also is a value-weighted 

average of the opportunity cost on the entrepreneur’s investments in the venture and in the 

market. 

MMVentureVenturePortfolio rxrxr +=  .     (6) 

Solving equation (6) for the venture opportunity cost of capital yields, 

Venture

MMPortfolio
Venture x

rxr
r

−
= .      (7) 

Assuming that investment in the market is always a zero-NPV opportunity, equation (7) assigns 

the effects of diversification to the opportunity cost for investing in the venture. 

 Equations (5) through (7) all are based on equilibrium holding period returns and, 

therefore, cannot be estimated directly.  Ability to finesse simultaneity by referring to market data 

on total returns is especially problematic in the context of partial commitment, as the 

entrepreneur’s cost of capital depends on total wealth and ability to diversify.  The certainty-

equivalent approach provides a partial solution.  If total risk of venture cash flows can be 

estimated, equation (4) can be modified to value the entrepreneur’s portfolio by substituting 

portfolio cash flow information for venture cash flow information.  The entrepreneur’s expected 

portfolio cash flow and standard deviation of cash flows are given by the following expressions: 

)1( MMVenturePortfolio rwCC ++=  ,     (8) 

)(2)( ,
22

MMCMVentureMMCC ww
VentureVenturePortfolio

σσρσσσ ++=    (9) 

where Mw is the entrepreneur’s wealth invested in a market index portfolio.  With these 

substitutions, equation (4) gives the value of the entrepreneur’s portfolio.  The present value of 
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investment in the venture can be computed directly, by deducting the entrepreneur’s investment 

in the market, 

M
urEntreprene

Portfolio
urEntreprene

Venture wPVPV −= .     (10) 

or, 

M
F

FM
M

C
Portfolio

urEntreprene
Venture w

r

rrC
PV

Portfolio

−
+

−−
=

1

)(
σ

σ

 .     (11) 

In equation (11), we treat investment in the market as a zero-NPV opportunity, and assign 

the effect of diversification to the venture.  This is a quantitative market-based measure of value 

that does not incorporate the entrepreneur’s personal tolerance for risk.  Consequently, equation 

(11) is an upper bound on the entrepreneur’s private value.   

If Venture
urEntreprene

Venture wPV < , where Venturew  is the entrepreneur’s investment in the venture, 

then the NPV of the entrepreneur’s total investment in the venture and the market index is 

negative, compared to an alternative of investing the same amount in a market index portfolio 

that is leveraged to achieve equivalent total risk.  If  Venture
urEntreprene

Venture wPV >  , the portfolio is more 

valuable than an equally risky leveraged investment in the market portfolio.  However, for the 

entrepreneur, Venture
urEntreprene

Venture wPV >  is necessary but not sufficient for a decision to proceed with 

the venture.  Based on the entrepreneur’s personal risk tolerance, the leveraged investment in the 

market index may, itself, not be acceptable.  Thus, equation (11) is an estimate of the maximum 

present value, which assumes the entrepreneur’s marginal risk tolerance is equal to the risk 

tolerance of the market. 

Correspondingly, equation (11) can be solved for the minimum equilibrium required rate 

of return, 
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( )
urEntreprene

Venture

FMM
M

C

FurEntreprene
Venture

VentureurEntreprene
Venture PV
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r
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Portfolio −
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+=−=
σ

σ

1  . (12) 

Equation (11) is a way of valuing the entrepreneur’s investment that relies on direct estimates of 

venture cash flow risk rather than the risk of holding period returns.  Equation (12) merely 

reveals the opportunity cost of capital that is implicit in the valuation.  The equations rely on 

market data only for estimates of total market risk and the correlation between the venture and 

the market.  Thus, they do not permit use of the customary and convenient approach of valuing 

expected cash flows using a risk-adjusted discount rate.  

However, more extensive reliance on comparable public firm data is possible.  For an 

entrepreneur who must commit total wealth to a venture, equation (4) can be used, along with the 

opportunity cost of a well-diversified investor, to derive the following expression for the value of 

the entrepreneur’s claim: 

F

MVenture

F
Investor

Venture
Venture

urEntreprene
Venture r

rrC
PV

+

−−
=

1

)(

,ρ
 .     (13) 

To illustrate the use of equation (13), consider a claim on a comparable public company, 

where the claim is expected to return one dollar at harvest, which, we assume, will be in one 

year.  Suppose we have estimated the comparable firm beta to be 1.25 and the correlation with 

the market to be 0.2.  If the current risk free rate is 4.0 percent and the market risk premium is 6.0 

percent, the investor’s required rate of return, Investor
Venturer , is 11.5 percent.  Equation (13) shows that, 

for the entrepreneur, as a total commitment, the one-dollar expected cash flow is equivalent to a 

certain cash flow of 0.625 dollars and has a present value of 0.601 dollars, implying that, for a 

full commitment, the entrepreneur’s opportunity cost of capital would be 66.4 percent.  The total 
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risk of the venture is comparable to an investment in the market portfolio that is leveraged to be 

10.4 times as risky as the market.   

 While full commitment is not feasible, the same approach can be used to apply 

comparable public company data to valuation of partial commitments.  For an entrepreneur who 

can diversify partially, we use equation (11) and substitute the diversified investor’s equilibrium 

expected cash flow for PortfolioC , as if the investor held the same two-asset portfolio as the 

entrepreneur, but valued investment in the venture based on its market risk. 

 ))(1()1( FMVentureF
Investor
VentureMMarketPortfolio rrrwrwC −++++= β .  (14) 

where Investor
Venturew  is based on the diversified investor’s equilibrium valuation.  We compute the 

diversified investor’s equilibrium total risk, 
PortfolioCσ , based on equation (9). 

 VentureM
Investor
VentureMMVentureVenture

Investor
VentureMMC wwww

Portfolio
σσρσσσ ,

22 2)()( ++=  (15) 

Equation (10) then gives the present value of the entrepreneur’s investment in the venture, and 

equation (13) gives the entrepreneur’s equilibrium opportunity cost of capital. 

 Continuing the illustration, consider a hypothetical total investment of one dollar by a 

well-diversified investor, where $0.60 is invested in the market portfolio and $0.40 is invested in 

a public company comparable to the venture (with beta risk and correlation as described above).  

Based on the previously stated assumptions, the investor’s expected cash return in one year is 

$1.106, including $0.66 from investment in the market and $0.446 from investment in the 

comparable public company.  Using equation (15) and the assumption that the annualized 

standard deviation of market returns is 20 percent, the annualized standard deviation of the two-

asset portfolio cash flows is 53.7 percent.  Using this information in equation (11), the value of 

the entrepreneur’s portfolio is $0.908, reflecting the effect of underdiversification.  Thus, the 

value of the claim on the venture, which pays $0.446 in expected cash flow at harvest is $0.308, 
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which, in conjunction with the investment of $0.60 in the market, would account for 34.0 percent 

of the entrepreneur’s total wealth.  From equation (12), the entrepreneur’s opportunity cost of 

investing in the venture instead of leveraging an investment in the market is 44.6 percent.  Thus, 

even with this degree of diversification, the entrepreneur’s opportunity cost still is much higher 

than that of a well-diversified investor.  To assess an opportunity with risk characteristics similar 

to the comparable public company, an entrepreneur who anticipated committing 34.0 percent of 

total wealth to the venture, and placing the balance in the market could discount expected cash 

flows at the 44.6 percent rate.    

IV.  Empirical Evidence on New Venture Opportunity Cost of Capital  

 In this section we develop evidence that can be applied with the asset pricing model 

specifications above to produce estimates of opportunity cost of capital for investors and 

entrepreneurs.  For a well-diversified investor, the risk-adjusted discount rate approach requires 

an estimate of the beta of the financial claim.  For the entrepreneur, it requires an estimate of the 

total risk of holding period returns and correlation of that risk with market risk.  The certainty-

equivalent approach requires an estimate of the correlation between the financial claim and the 

market and an estimate of the standard deviation of cash flows.   

The standard deviation of venture cash flows can be estimated directly by modeling the 

venture financial claims, and using scenario analysis or simulation to assess risk.  Until recently, 

data available for estimating standard deviations of holding period returns and correlations with 

the market have been extremely limited.  Because of the large number of recent IPOs by young 

and early-stage companies, it now is possible to use public data to estimate the information 

needed for valuing new venture financial claims.    
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A. Data and Method 

Because we are interested in early-stage companies and in how corporate maturity and 

financial condition affect risk, we concentrate on newly public firms in technologically oriented 

industries. Results are based on eight industries, as defined by Market Guide, that attract 

significant amounts of venture capital investment: Biotechnology, Broadcast and Cable TV, 

Communication Equipment, Communication Services, Computer Networks, Computer Services, 

Retail Catalog and Mail Order (including Internet), and Software.  Yahoo! is our primary source 

of stock performance data because the data are maintained continuously and are current.  

Financial data are from Compustat, supplemented with data from Market Guide. 

The database includes all firms in the eight industries that went public between l995 and 

late 2000.  We define an observation as a calendar firm-year.  Because risk attributes may change 

with firm maturity, we use stock performance data from a single calendar year to estimate the 

risk attributes of an observation.  We retain any observation for which both at least 30 weeks of 

stock price data are available along with financial reporting data for the corresponding fiscal 

year.  We match the most recent calendar year of stock price data to the most recent fiscal year of 

financial data.  Most observations have December 31 fiscal years.  Thus, stock price performance 

for one calendar year is matched with financial data of the prior fiscal year.  Application of these 

screens results in a total of 2623 firm-year observations.  Table 1 contains the breakdown of 

observations by industry.  

B. Bivariate Results 

Tables 2 through 5 provide statistical information under headings of Calendar Year, 

Industry, Firm Age, Financial Condition, and Employees.  We measure firm age relative to the 

IPO date.  We also classify observations either as “from the year of the IPO” or “from years after 

the IPO.”  Financial condition classifications correspond generally to stages of firm development.  
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If the firm has no revenue during the year, it is an early-stage firm that may be engaged in 

research and development before start-up of operations.  If the firm has revenue but income is 

negative, it generally is at a stage where it needs continuing external financing.  Such firms may 

not have reached sufficient scale to sustain operations from cash flow.  In some cases these 

observations are of troubled firms, where previous years of positive income are followed by 

losses in the classification year.  If net income is positive, the firm may be sustainable with 

operating cash flows, though growth still may require outside financing.  We use number of 

employees as another measure of maturity and size. 

Beta: Table 2 contains beta estimates for the sample, using the S&P500 Index as the 

market proxy.  Results are equilibrium equity betas for well-diversified investors based on 

weekly returns.18  We do not adjust for sampling bias, because our focus risk and our reliance on 

averages mitigate possible bias problems.  We also do not compute asset betas.  Most companies 

in our sample are early-stage and do not rely on funded debt financing.   

The standard errors in Tables 2 through 5 can be used to make convenient inferences 

regarding differences in mean values.19  Our interpretations of results in the tables are made in 

consideration of the statistical significance of differences in means at the 5 percent level. 

Although new ventures are risky, most of the risk is idiosyncratic.  Table 2 shows an 

overall average beta near 1.0, roughly consistent with Cochrane’s (2001) maximum likelihood 

estimate and with Gompers and Lerner (1997).  The range across industries is from 0.75 to 

1.24.20  For most years, the average betas of firms in our sample are well below 1.0.  In the first 

                                                 
18 As implied by earlier discussion, due to lower valuations and higher equilibrium holding period returns and 
corresponding standard deviations, betas are higher for underdiversified investors.   
19 The standard error of the difference between any two means is somewhat less than the sum of the two standard 
errors.  Thus, dividing the difference by the sum of the two produces a negatively biased estimate of the t-statistic. 
20 We also estimate betas relative to the NASDAQ Index.  The average beta in our sample is 0.72.  The range is from 
0.39 for Computer Services to 0.99 for Retail Catalog/Mail Order (Internet).  An appendix containing NASDAQ 
results is available on request. 
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two years, 1995 and 1996, when high technology stocks represent a small fraction of total market 

capitalization, average estimated betas are not significantly different from zero.  As the market 

capitalization of high-technology stocks had increased significantly by 2000 and the market 

decline in 2000 was concentrated among technology and growth companies, the high-technology 

attribute of the market index was stronger than in the other years.   

Average betas increase significantly with firm age as a public company and with firm 

size.  Betas are higher for firms with revenue but with negative income than for those with no 

revenue or with positive income.  Only the latter difference is statistically significant at 

conventional levels.  Average betas are significantly different across some industries.  However, 

as most betas are close to one, the economic importance of the differences is limited.  Results 

based on the NASDAQ Index are similar but with uniformly lower average beta estimates.  

The Table 2 results imply that required rates of return for venture capital investors are 

comparable to those of publicly traded stocks.  Using five percent as an estimate of expected 

compensation to the general partner and using reasonable values for the risk-free rate and market 

risk premium, the beta estimates imply expected returns that are within the range of realized 

returns to venture capital reported in previous studies.         

Standard deviation of returns: As a basis for estimating opportunity cost of capital for 

underdiversified investors, we use the returns data to generate estimates of total risk and 

correlation with the market.  In Table 3, we report statistics for the annualized standard deviation 

of holding period returns for well-diversified investors.21  Because entrepreneurs cannot diversify 

fully, their equilibrium holding period returns and the corresponding standard deviations are 

higher.   

                                                 
21 Standard deviations are annualized using weekly data, assuming time-series independence, and a 52-week year.  
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As shown in the table, the average annualized standard deviation of returns in our sample 

is 120 percent.  Differences between mean and median returns provide evidence of positive 

skewness, as median returns consistently are lower than means.  The means of the annualized 

standard deviations vary significantly over different years, but do not change systematically over 

time.   

Total risk varies significantly across industries, suggesting that for underdiversified 

investors, industry is a determinant of opportunity cost.  Whereas our estimate of beta increases 

with firm age and number of employees, total risk generally decreases modestly with increases in 

age and number of employees.  We also find a weak tendency for total risk to decline as financial 

condition improves.  Firm maturity should generally correspond to declining total risk and 

possibly increasing market risk.  The implication is that the disparity between the entrepreneur’s 

opportunity cost of capital and that of a well-diversified investor is likely to be greatest for very 

early-stage ventures. 

Though Table 3 does not contain estimates of equilibrium standard deviations of returns 

for underdiversified entrepreneurs, the results imply that higher discount rates should be used for 

earlier stage ventures.  Most noteworthy in the table, regardless of how the data are partitioned, 

the mean standard deviation remains close to the 120 percent overall mean.  The main exception 

is the high standard deviation in the year of IPO.  The implication is that, for estimating total risk, 

factors like stage of development, financial condition, and firm size appear to be of limited 

economic significance.    

Total risk to market risk: Because the annual observations are drawn from six years, total 

risk measures may be affected by the contemporaneous overall risk of the market.  In Table 4, we 

normalize total risk by the standard deviation of returns on the S&P500 Index for the year.  For 

the full sample, total risk is more than 5.6 times as high as the risk of investing in the index.  In 
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the later years (1999 and 2000), the relative total risk of high-technology ventures is higher than 

in earlier years.  The pattern is consistent with companies coming to market at earlier stages in 

the later years of the sample.  The significant differences of total risk across industries, 

documented in Table 3, generally persist when total risk is normalized by market risk.  

Normalized total risk decreases significantly with firm age and number of employees, and tends 

to decrease with improvements in financial condition.  We also normalize by the risk of the 

NASDAQ Index.  The overall pattern of results is similar.  However, relative to the NASDAQ 

Index, the mean total risk in our sample is 3.5 times as high. 

It is noteworthy, from Table 4 that the ratios increase systematically over the six years of 

our study.  The time-series is consistent with the trend toward IPOs occurring at earlier stages of 

firm development.  Correspondingly, the ratio tends to be high in the year of the IPO, before the 

firm has achieved positive income, and where number of employees is low.  Nonetheless, most 

means are in the narrow range of 4.0 to 6.5 times market risk.   

The results suggest that one approach to estimating opportunity cost of capital for either a 

well-diversified or underdiversified investor is to estimate total market risk, such as by using 

implied volatilities from options on a market index, and using the Table 4 results to derive an 

estimate of normalized total risk.  This estimate, combined with an estimate of correlation with 

the market, provides a simple alternative to approaches that seek to estimate venture total risk 

directly.22   

Correlation with market returns: In Table 5, we report the correlation between weekly 

returns of firm equity and the S&P500 Index.  Correlations of venture returns and market returns 

generally are low, as most new ventures are narrowly focused, with cash flows that are not 

sensitive to projected market-wide cash flows.  The average correlation in our sample is 0.195.  
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As implied by earlier results, the calendar-year means are increasing from 1995 through 2000.  

Although the mean correlations are negative in the first two years, they are not significantly 

different from zero.  Correlations with S&P500 Index increase significantly with firm age, 

financial condition, and number of employees.  The low correlations point to the potential for 

value creation by using financial contracts to shift risk to well-diversified investors.  When the 

NASDAQ Index is used as a market proxy, the general patterns persist.  The mean correlation is 

still only 0.266.  

C. Multivariate Results 

In Table 6, we use regression analysis to examine the combined effects of industry, age, 

and financial condition.  The table summarizes results for three risk attributes: standard deviation 

of returns, correlation of returns with the S&P500 Index, and Beta risk measured against the 

S&P500 Index.  The model specifications intentionally are parsimonious.  We estimate intercepts 

and age coefficients by industry, and restrict revenue and income coefficients to be uniform 

across industries.  While we allow for the estimates to be different as a function of calendar year, 

a forward-looking estimate normally would be based on a representative average or a market 

volatility forecast.  Our model of the standard deviation of returns includes the market standard 

deviation as an explanatory variable.  For observations where an estimate from the previous year 

is available, we include a lag term.  For the first observation for a company, we code the lag 

value as zero and assign a value of one to a “no lag” dummy variable.    

Consistent with earlier discussion, total risk, measured as standard deviation, is positively 

related to market risk and a one-percent increase in market risk corresponds to a 1.505 percent 

increase in the total risk of an observation.  Though intercept differences usually are not 

                                                                                                                                                             
22 For an underdiversified investor, this approach requires adjusting the total risk estimate as discussed earlier. 
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significant, total risk is negatively related to firm maturity for all industries.23  Positive revenue is 

not significantly related to total risk, but positive operating income corresponds to a 3.3 percent 

reduction.  The binary year variables evidence the variability of standard deviation estimates.  In 

a forward-looking estimate, the average calendar year effect would be a –7.3 percent adjustment 

to the value derived from the other coefficients in the model.    

The correlation results with the S&P500 Index indicate substantial variation across 

industries though significance levels are moderate.  Operating income is again significant.  There 

also is evidence that the effects of firm maturity vary significantly across industries.  Correlations 

are significantly lower in other years than in the 2000, which is used as the default year.   

Beta risk also varies across industries and decreases with firm age.  The relation with age 

varies considerably across industries.  Beta is lower for firms with operating income, though the 

relation is only significant at the 10 percent level. 

With regard to all three models, most of the statistical explanatory power is associated 

with the calendar year binary variables.  The models also suggest that total risk decreases 

modestly with age and financial condition, that correlation increases modestly with these factors, 

and that beta risk increases with age but decreases with financial condition.  However, for 

estimating opportunity cost, the multivariate results provide little improvement over the bivariate 

results in Tables 2 through 5.  Consequently, for estimating opportunity cost of capital, reliance 

on the averages generated from this sample of early-stage public companies is likely to work well 

across a broad range of industries, stages of development, and financial conditions.   

To address this proposition more formally, in Table 7 we report comparisons of the 

various group averages with estimates derived from the regression models in Table 6.  To 

                                                 
23 Except for Biotechnology, the intercept is the sum of the Biotechnology intercept and the industry-interacted 
intercept.  Similarly, the age effect is the sum of the default age coefficient and the industry interaction with age. 
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develop the regression estimates without relying on data that are not observable, we replace the 

calendar year variables with the weighted average coefficient on the intercept and calendar year 

binary variables.  We also base the estimates on the historical average market standard deviation 

of returns of 20 percent.  Table 7 shows that, for all data groupings, the average predicted value 

is similar to the true group average.  The last two columns of the table compare the standard 

deviations of differences between the actual values and the group averages with the standard 

deviations of differences between the actual values and the predicted values based on the 

regression models.  The improvement in forecast accuracy from the regression approach is 

reflected as a reduction in the standard deviation of the prediction errors compared to reliance on 

the group average.  In all cases, the improvement is slight. 

D. Opportunity Cost of Capital 

Table 8 contains illustrative estimates by industry and stage of development of 

opportunity cost of capital for entrepreneur and venture capital investors.  The table is based on 

an annual equilibrium standard deviation of the market of 20 percent, representative correlations 

for the groupings from Table 5, and representative standard deviations for the groupings from 

Table 3.  We base the estimates in Table 8 on an assumed risk-free rate of 4.0 percent and market 

rate of 10.0 percent. 

Cost of capital for well-diversified investors: Based on total risk of 104 percent and a 

correlation of .15 with the market, the Biotechnology industry beta is 0.78.  Using our market 

return assumptions, the opportunity cost of a well-diversified investor is 8.7 percent, the lowest 

of the eight industries we study.  While the investor’s cost of capital may seem low, it is based on 

assumptions for the risk-free rate and market risk premium that both are below historical 

averages.  Because investors in venture capital funds are likely to be well-diversified institutional 

investors with little need for liquidity in some fraction of their holdings, we include no liquidity 
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premium.  In the context of a venture capital investment, or in any case where due diligence and 

other investments of effort are not separately compensated, cost of capital must be grossed up to 

compensate the fund manager or business angel for investment of effort.  Based on the normal 20 

percent carried interest of venture capital fund managers and a 2.5 percent annual management 

fee, the required gross return is about one-third higher, or 13.4 percent. 

At the other extreme, we estimate the net-of-management-fees cost of capital of the 

Software industry to be 12.2 percent, or 17.8 percent gross of fees.  Table 8 also contains cost of 

capital estimates related to the maturity of the venture.  Perhaps surprisingly, the lowest cost of 

capital for a well-diversified investor is for the year of the IPO, when the net-of-fees cost is 

estimated to be 6.4 percent.  Although total risk is high for this group, correlation with the market 

is very low, resulting in a low beta.  In general, the investor’s opportunity cost increases with 

various measures of firm maturity. 

Cost of capital of the entrepreneur: In Table 8, we quantify the effect of 

underdiversification on the entrepreneur’s opportunity cost of capital.  For an entrepreneur who 

must commit total wealth to a venture, we use equations (11) and (12), but set Mw  equal to 

zero.24  The table indicates that for full commitments, opportunity cost is very high and varies 

considerably across industry and by factors related to firm maturity.  Whereas the investor’s cost 

of capital generally increases with firm maturity, the underdiversified entrepreneur’s opportunity 

cost generally decreases.  Market risk rises, but total risk falls. 

An entrepreneur’s ability to commit wealth to a venture is limited.  To infer realistic 

levels of underdiversification, we considered a variety of reasonable scenarios for the 

                                                 
24 Because of compounding of the risk premium, the entrepreneur’s opportunity cost is sensitive to the expected 
duration of the commitment.  In Table 8, we assume that the entrepreneur is committed to pursue the venture for one 
year.  Holding period returns are computed over this interval, even though it may not correspond to a harvesting 
opportunity. 



 

 

 

26  

entrepreneur’s remaining work life, length of commitment to the venture, and financial wealth 

that cannot be invested in the venture.  As illustration, we assume that the entrepreneur is likely 

to invest 15 to 35 percent of total wealth in a venture.  Assuming the entrepreneur must invest 35 

percent of total wealth and can invest the balance in the market, we use equations (11) and (12) 

to estimate the entrepreneur’s opportunity cost of capital for Biotechnology.  The resulting 

estimate is 34.7 percent.25  The difference between the 13.35 percent gross-of-fees opportunity 

cost of diversified investors and 34.7 percent suggests the potential to create significant value by 

contracting to shift risk to the well-diversified investor.  With 25 percent of the entrepreneur’s 

wealth invested in the venture, our estimate of the entrepreneur’s cost of capital declines to 29.7 

percent.  With 15 percent in the venture, it declines to 22.4 percent.  Thus, even when the 

entrepreneur’s commitment represents a fairly small fraction of total wealth and the balance of 

the entrepreneur’s wealth is assumed to be invested in a well-diversified portfolio, the difference 

between the entrepreneur’s cost of capital and that of a venture capital investor is substantial.   

A potentially larger benefit exists for investment in the other industries with larger total 

risk relative to the market risk.  For example, in the Computer Services industry, with an 

assumed correlation of .17 and a total risk that is over 7 times as high as the market risk, we 

estimate that the well-diversified investor’s gross-of-fees cost of capital is 16.68 percent.  Our 

estimate of the entrepreneur’s cost of capital is 38.2 percent based on a commitment of 15 

percent of total wealth.   

As a short cut to estimating the entrepreneur’s cost of capital, we considered using the 

standard deviation of holding period return estimates from Table 3 directly in Equation (5) and 

then using Equations (3) and (6) to estimate the entrepreneur’s opportunity cost.  Because 

                                                 
25 As discussed above, the opportunity cost of capital is the entrepreneur’s minimum required rate of return, ignoring 
qualitative considerations. 



 

 

 

27  

estimates by this approach are based on the equilibrium valuations of well-diversified investors 

they understate equilibrium opportunity cost of capital for investors who are unable to diversify 

fully.  The approach generally understates the estimates in Table 8 by 15 to 35 percent.   

V.    Discussion  

This paper develops a conceptual framework for evaluating investments in 

entrepreneurial ventures.  The framework is based on (1) applying the CAPM to determine 

required rates of return for well-diversified investors, such as investors in venture capital funds, 

and (2) recognizing that entrepreneurs, as underdiversified investors, have opportunity costs of 

capital that can be substantially higher than the rates that are appropriate for well-diversified 

outside investors.   

 The entrepreneur’s cost of capital, while driven largely by the total risk of a venture, 

depends also on the entrepreneur’s other risky assets and on how those risks correlate with the 

risk of the venture.  This affords the entrepreneur a degree of control over venture cost of capital 

that has not generally been recognized in the literature.  On a fundamental level, an entrepreneur 

who acts as sole investor in a venture effectively chooses the required rate of return along with 

venture scale.  The larger the scale, the larger the fraction of the entrepreneur’s capital that must 

be invested, and therefore, the higher the entrepreneur’s cost of capital.   

We present evidence on the parameters that contribute to determining cost of capital for 

entrepreneurs and well-diversified investors.  Our evidence, based on data for newly-public 

companies in eight high-technology industries, indicates that total risk is five to eight times as 

high as market risk, that correlations between firm returns and market returns generally are below 

0.2, and that average equity betas are comparable to the overall market.  While the total risk of 

early-stage firms tends to decrease with various indicia of maturity, market risk tends to increase.   
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There are many practical implications of the approach developed in the paper.  Among 

other things, our evidence indicates that that the entrepreneur’s opportunity cost of capital 

declines rapidly as the fraction of wealth that must be invested in the venture declines.  However, 

even with modest underdiversification, the entrepreneur’s cost of capital is substantially higher 

than that of a well-diversified investor such as the limited partners of a venture capital fund.  This 

is an important departure from the “Law of One Price” that applies in the public corporation 

setting.  Because the entrepreneur’s cost of capital depends on total risk, significant opportunities 

exist for selecting value-maximizing strategies for undertaking new ventures.  In particular, 

strategies that reduce the total investment, such as be shortening the time to abandonment or 

reducing scale or scope, can create value because they reduce the entrepreneur’s commitment, 

and hence lower cost of capital.  Further, holding total investment constant, the design of 

contracts between entrepreneurs and outside investors can enhance the value of a new venture 

opportunity, and can turn unacceptable ventures into attractive ones over a broad range of 

expected rates of return.  In particular, contracts that shift risk to outside investors, such as be 

increasing cash compensation to the entrepreneur or reducing the preferential treatment of 

outside investors, can reduce the overall required rate of return.   

Of course, differences in perception between the entrepreneur and the investor about the 

likelihood of success, as well as adverse selection and moral hazard, all may favor contract 

provisions that shift risk to the entrepreneur.  Hence, the choices of new venture strategy and 

allocations of risk will reflect a set of trade-offs that includes the cost of capital differential 

between the entrepreneur and the investor.   
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Table 1 
 

Description of Sample 
 

The sample includes all firms in eight selected industries with IPOs in 1995 through late 2000.  An 
observation is a calendar firm-year.  Observations with incomplete financial information or less 
than 30 weekly returns in a calendar year are omitted. 
 

Description of Sample 
Industry Firms in 

Sample 
Observations 

in Sample 
Average  

Firm-Years 
Biotechnology  151   501 3.3 
Broadcast and Cable TV   44  105 2.4 
Communication Equipment   88   247 2.8 
Communication Services  158   407 2.6 
Computer Network   35   130 3.7 
Computer Services  200   440 2.2 
Retail Catalog And Mail Order (Internet)   19     39 2.1 
Software   297    754 2.5 
Total  992  2623 2.6 



Table 2 
 

Equity Betas Calculated Using the S&P500 as Market Proxy 
 

Correlations and standard deviations for individual firms and the S&P500 are calculated on a calendar-year basis 
using weekly returns and assuming time series independence.  Years with less than 30 return observations are 
eliminated.  Results in the table are equilibrium estimates for well-diversified investors.   
 
 

Beta (S&P500 as Index) 
 Number 

of Obs. 
 

Mean 
Standard 
Deviation 

Standard 
Error 

 
Median 

Lower 
Quartile 

Upper 
Quartile 

All Observations 2623 0.993 1.916 0.037 0.980 0.232 1.827 
        
Calendar Year        
  1995 24 -0.014 2.145 0.438 -0.150 -0.860 1.021 
  1996 160 0.019 1.858 0.147 0.249 -0.772 1.174 
  1997 329 0.477 1.377 0.076 0.601 0.069 1.109 
  1998 476 0.798 2.080 0.095 1.136 0.446 1.696 
  1999 673 0.245 1.585 0.061 0.469 -0.229 1.041 
  2000 961 1.976 1.775 0.057 1.727 0.971 2.532 
        
Industry        
Biotechnology 501 0.747 1.525 0.068 0.729 0.111 1.314 
Broadcast and Cable TV 105 0.804 1.204 0.117 0.812 0.307 1.540 
Communication Equipment 247 1.157 1.677 0.107 1.077 0.242 2.047 
Communication Services 407 1.019 1.836 0.091 1.109 0.308 1.784 
Computer Networks 130 1.023 1.142 0.100 0.946 0.274 1.594 
Computer Services 440 0.811 2.344 0.112 1.005 0.130 2.070 
Catalog/Mail Order (Internet) 39 1.240 1.133 0.181 1.049 0.724 2.023 
Software 754 1.202 2.166 0.079 1.187 0.267 2.094 
        
Age (Years After IPO)        
0-1 years 1263 0.930 2.474 0.070 0.971 0.072 1.950 
2-3 years 957 0.958 1.147 0.037 0.897 0.298 1.609 
>3 years 403 1.270 1.232 0.061 1.253 0.508 1.937 
        
Year of IPO (year 0) 407 0.604 3.878 0.192 0.618 -1.549 2.713 
Years After IPO (years 1 – 5) 2159 1.086 1.235 0.027 1.023 0.364 1.771 
        
Financial Condition        
No Revenue 102 0.824 2.050 0.203 0.837 -0.006 1.702 
Revenue, Negative Income 1475 1.139 1.973 0.051 1.139 0.262 2.063 
Positive Income 1033 0.821 1.782 0.055 0.864 0.243 1.566 
        
Employees        
0 – 25 187 0.586 1.528 0.112 0.629 -0.135 1.361 
26 – 100  496 0.861 1.745 0.078 0.876 0.066 1.715 
Over 100 1661 1.138 1.821 0.045 1.080 0.392 1.894 

 
 



Table 3 
 

Standard Deviation of Firm Returns 
 

Individual firm standard deviations of returns are calculated on a calendar-year basis using weekly returns.  
Observations with less than 30 weekly returns in a calendar year are excluded.  Weekly standard deviations are 
annualized assuming a 52-week year and time series independence.  Results in the table are equilibrium 
estimates for well-diversified investors.   
 

Standard Deviation of Returns 
 Number 

of Obs. 
 

Mean 
Standard 
Deviation 

Standard 
Error 

 
Median 

Lower 
Quartile 

Upper 
Quartile 

All Observations 2623 1.204 1.021 0.020 0.984 0.716 1.353 
        
Calendar Year        
  1995 24 1.199 1.384 0.283 0.792 0.465 1.319 
  1996 160 1.224 1.084 0.086 0.815 0.605 1.222 
  1997 329 0.834 0.603 0.033 0.684 0.537 0.901 
  1998 476 1.042 0.647 0.030 0.868 0.666 1.200 
  1999 673 1.143 0.891 0.034 0.899 0.693 1.231 
  2000 961 1.450 1.264 0.041 1.238 0.976 1.526 
        
Industry        
Biotechnology 501 1.039 0.696 0.031 0.868 0.655 1.187 
Broadcast and Cable TV 105 0.871 0.652 0.064 0.699 0.528 1.077 
Communication Equipment 247 1.199 0.783 0.050 1.028 0.739 1.361 
Communication Services 407 1.035 0.794 0.039 0.812 0.581 1.212 
Computer Networks 130 0.932 0.350 0.031 0.889 0.668 1.153 
Computer Services 440 1.442 1.100 0.052 1.160 0.823 1.567 
Catalog/Mail Order (Internet) 39 1.058 0.376 0.060 1.077 0.684 1.353 
Software 754 1.368 1.361 0.050 1.091 0.823 1.433 
        
Age (Years After IPO)        
0-1 years 1263 1.347 1.063 0.030 1.038 0.726 1.515 
2-3 years 957 1.041 1.090 0.035 0.886 0.673 1.218 
>3 years 403 1.141 0.542 0.027 1.096 0.792 1.358 
        
Year of IPO (year 0) 407 2.124 1.459 0.072 1.632 1.030 2.945 
Years After IPO (years 1 – 5) 2159 1.040 0.816 0.018 0.935 0.685 1.247 
        
Financial Condition        
No Revenue 102 1.190 0.765 0.075 1.009 0.751 1.414 
Revenue, Negative Income 1475 1.347 1.083 0.028 1.130 0.834 1.469 
Positive Income 1033 0.995 0.911 0.028 0.774 0.587 1.088 
        
Employees        
0 – 25 187 1.257 0.666 0.049 1.105 0.783 1.627 
26 – 100  496 1.275 0.820 0.037 1.099 0.816 1.457 
Over 100 1661 1.131 1.064 0.026 0.920 0.670 1.262 



Table 4 
 

Ratios of the Standard Deviation of Firm Return to the  
Standard Deviation of Return for the S&P500 

 
Firm return standard deviations are “standardized” by dividing by S&P500 Index standard deviation for the year 
of the observation.  Standard deviations of returns for individual firms and the S&P500 are calculated on a 
calendar-year basis using weekly returns and assuming time series independence.  Observations with less 
than 30 weekly returns in a calendar year are excluded.   
 

Standard Deviation of Returns/ S&P500 Standard Deviation of Returns 
 Number 

of Obs. 
 

Mean 
Standard 
Deviation 

Standard 
Error 

 
Median 

Lower 
Quartile 

Upper 
Quartile 

All Observations 2623 5.620 4.878 0.095 4.816 3.656 6.267 
        
Calendar Year        
  1995 24 4.572 4.074 0.832 3.111 1.121 7.541 
  1996 160 4.229 2.600 0.206 4.209 2.128 5.769 
  1997 329 4.251 1.831 0.101 4.040 3.060 5.199 
  1998 476 4.992 2.130 0.098 4.519 3.535 6.052 
  1999 673 6.030 4.669 0.180 4.803 3.740 6.585 
  2000 961 6.371 6.554 0.211 5.323 4.198 6.636 
        
Industry        
Biotechnology 501 4.780 2.942 0.131 4.296 3.344 5.556 
Broadcast and Cable TV 105 4.379 3.310 0.323 3.673 2.602 5.018 
Communication Equipment 247 5.554 3.369 0.214 4.927 3.795 6.431 
Communication Services 407 4.880 3.491 0.173 4.109 2.976 5.776 
Computer Networks 130 5.122 1.904 0.167 4.989 3.739 6.032 
Computer Services 440 6.440 4.676 0.223 5.377 3.979 6.993 
Cat./Mail Order (Internet) 39 5.495 1.877 0.301 5.045 4.016 6.066 
Software 754 6.386 7.055 0.257 5.337 4.147 6.750 
        
Age (Years After IPO)        
0-1 years 1263 5.977 4.399 0.124 5.008 3.742 6.713 
2-3 years 957 5.334 6.069 0.196 4.535 3.573 5.941 
>3 years 403 5.180 2.469 0.123 4.928 3.688 6.119 
        
Year of IPO  407 7.983 6.668 0.150 6.081 3.453 9.967 
Years After IPO  2159 5.204 4.374 0.094 4.718 3.692 5.958 
        
Financial Condition        
No Revenue 102 5.508 2.839 0.281 4.910 3.971 6.208 
Revenue, Negative Income 1475 6.242 5.130 0.134 5.352 4.171 6.758 
Positive Income 1033 4.720 4.519 0.124 4.103 3.054 5.332 
        
Employees        
0 – 25 187 6.165 3.344 0.244 5.526 4.092 7.711 
26 – 100  496 5.999 4.004 0.180 5.380 4.121 6.802 
Over 100 1661 5.383 5.285 0.130 4.588 3.542 5.857 



Table 5 
 

Correlations of Firm Returns to the Returns for the S&P500 
 

Correlations are calculated on a calendar-year basis using weekly returns.  Observations with less than 30 
weekly returns in a calendar year are excluded.   
 

Correlation with S&P500 
 Number 

of Obs. 
 

Mean 
Standard 
Deviation 

Standard 
Error 

 
Median 

Lower 
Quartile 

Upper 
Quartile 

All Observations 2623 0.195 0.295 0.006 0.229 0.055 0.379 
        
Calendar Year        
  1995 24 -0.136 0.594 0.121 -0.062 -0.808 0.288 
  1996 160 -0.033 0.533 0.042 0.062 -0.317 0.287 
  1997 329 0.124 0.324 0.018 0.153 0.055 0.282 
  1998 476 0.209 0.304 0.014 0.265 0.107 0.376 
  1999 673 0.098 0.206 0.008 0.107 -0.047 0.241 
  2000 961 0.328 0.185 0.006 0.348 0.215 0.463 
        
Industry        
Biotechnology 501 0.149 0.287 0.013 0.191 0.028 0.302 
Broadcast and Cable TV 105 0.237 0.239 0.023 0.256 0.112 0.401 
Communication Equipment 247 0.215 0.302 0.019 0.242 0.067 0.401 
Communication Services 407 0.241 0.289 0.014 0.297 0.108 0.426 
Computer Networks 130 0.208 0.203 0.018 0.213 0.046 0.355 
Computer Services 440 0.172 0.320 0.015 0.223 0.029 0.377 
Catalog/Mail Order (Internet) 39 0.217 0.189 0.030 0.195 0.160 0.358 
Software 754 0.200 0.307 0.011 0.241 0.047 0.401 
        
Age (Years After IPO)        
0-1 years 1263 0.162 0.366 0.010 0.222 0.018 0.389 
2-3 years 957 0.212 0.204 0.007 0.213 0.067 0.358 
>3 years 403 0.259 0.203 0.010 0.277 0.121 0.414 
        
Year of IPO 407 0.037 0.532 0.026 0.171 -0.314 0.420 
Years After IPO 2159 0.227 0.210 0.005 0.238 0.089 0.376 
        
Financial Condition        
No Revenue 102 0.165 0.299 0.030 0.194 -0.001 0.333 
Revenue, Negative Income 1475 0.197 0.286 0.007 0.223 0.048 0.378 
Positive Income 1033 0.200 0.306 0.010 0.245 0.066 0.386 
        
Employees        
0 – 25 187 0.117 0.255 0.019 0.151 -0.020 0.271 
26 – 100  496 0.153 0.295 0.013 0.174 0.012 0.320 
Over 100 1661 0.231 0.267 0.007 0.262 0.101 0.404 

 



 

 

 

Table 6 
 

Risk Attribute Regression Results 
 

Regressions include both industry dummies for the intercept term and industry dummies interacted with the Age variable for the slope of the 
Age variable.  Biotechnology is the baseline industry for the regressions.  The baseline year is 2000.  The S&P500 standard deviation is 
estimated from weekly returns for the contemporaneous year.  Firm Age is measured as years since the IPO.  Revenue equals one if the 
observation is associated with positive revenues and zero otherwise.  Operating Income equals one if operating income is positive and zero 
otherwise.  For the first year in a series, a binary (“No Lag”) variable is included and the lagged dependent variable value is zero. 

   
 Standard Deviation 

of Returns 
Correlation with 
S&P500 Index 

Beta Based on  
S&P500 Index 

Variable Coefficient t Value Coefficient t Value Coefficient t Value 
Intercept (Biotech Industry, year 2000) 0.156   5.25** 0.391   6.55** 2.609   6.74** 
Broadcast and Cable TV Dummy 0.011 0.25 -0.105 -1.18 -0.999 -1.73 
Communication Equipment Dummy 0.028 0.91 -0.095 -1.46 -0.564 -1.33 
Communication Services Dummy 0.034 1.17 -0.092 -1.50 -0.646 -1.62 
Computer Network Dummy 0.018 0.38 0.140 1.44 0.969 1.53 
Computer Services Dummy 0.195   6.28** -0.283   -4.35** -1.772   -4.18** 
Retail Catalog Dummy -0.029 -0.37 0.081 0.50 0.393 0.37 
Software Dummy 0.059  2.26* -0.142   -2.59** -0.386 -1.09 
S&P500 Std. Deviation  1.466   9.51**     
Firm Age (Biotech Industry) -0.028 -1.66 -0.078  -2.20* -0.599   -2.61** 
Firm Age * Bdcst and Cble TV Dummy -0.023 -0.73 0.134  2.01* 0.736 1.70 
Firm Age * Comm Equip Dummy -0.001 -0.05 0.116  2.42* 0.717  2.30* 
Firm Age * Comm Services Dummy -0.026 -1.20 0.130   2.87** 0.647   2.19* 
Firm Age * CompNet Dummy -0.004 -0.13 -0.047 -0.68 -0.400 -0.90 
Firm Age * CompServ Dummy -0.128   -5.49** 0.220   4.49** 1.291   4.04** 
Firm Age * RetailCat Dummy 0.024 0.40 -0.040 -0.32 -0.173 -0.21 
Firm Age * Software Dummy -0.014 -0.73 0.130   3.27** 0.535  2.06* 
1995 Dummy -0.152   -5.27** -0.431   -7.38** -2.078   -5.47** 
1996 Dummy -0.107   -8.71** -0.357  -14.45** -2.094  -12.99** 
1997 Dummy -0.098  -11.39** -0.216  -11.85** -1.616  -13.59** 
1998 Dummy -0.050   -6.74** -0.130   -8.35** -1.221  -12.06** 
1999 Dummy -0.031   -4.74** -0.244   -17.69** -1.758  -19.56** 
Revenue (binary) -0.006 -0.43 -0.022 -0.78 -0.044 -0.24 
Operating Income (binary) -0.029   -5.36** 0.018 1.59 -0.134 -1.81 
No Lag Dummy 0.056   7.10** 0.011 0.63 0.152 1.43 
Lagged Dependent Variable 0.139   5.23** 0.182   5.22** 0.129   3.07** 

Adj. r2 0.204  0.187  0.179  
** Significant at the .01 level. 
*  Significant at the .05 level. 



 

 

 

Table 7 
 

Comparisons of Regression Model Estimates with Group Means 
 
The table shows standard deviations of (Actual – Mean) and (Actual – Predicted) and indicates that group means are 
almost as accurate as regression models at estimating the actual values of risk measures.  Estimates are based on a 
market standard deviation of 0.20 and the weighted average of coefficients on calendar-year binary variables.   
 

 
Mean of 

Observations 
Mean of 

Predictions 
Standard Deviation: 

Actual - Mean 
Standard Deviation: 
Actual - Predicted  

Standard Deviation     
All Observations 1.204 1.174 1.004 0.956 
Broadcast & Cable TV 0.871 0.870 0.652 0.608 
Biotechnology 1.039 1.031 0.696 0.683 
Communication Equipment 1.199 1.186 0.783 0.731 
Communication Services 1.035 1.020 0.794 0.746 
Computer Networks 0.932 1.055 0.350 0.403 
Computer Services 1.442 1.340 1.100 0.973 
Retail Catalog/Mail Order 1.058 1.051 0.376 0.340 
Software 1.368 1.323 1.361 1.326 
Year of IPO 2.124 1.590 1.419 1.387 
Years After IPO 1.040 1.086 0.810 0.819 
No Revenue 1.190 1.216 0.756 0.689 
Revenue, Negative Income 1.347 1.275 1.064 1.035 
Positive Income 0.995 1.025 0.895 0.853 
Correlation Coefficient     
All Observations 0.195 0.195 0.294 0.290 
Broadcast & Cable TV 0.237 0.237 0.239 0.229 
Biotechnology 0.149 0.161 0.287 0.290 
Communication Equipment 0.215 0.221 0.302 0.299 
Communication Services 0.241 0.246 0.289 0.277 
Computer Networks 0.208 0.234 0.203 0.210 
Computer Services 0.172 0.156 0.320 0.309 
Retail Catalog/Mail Order 0.217 0.201 0.189 0.188 
Software 0.200 0.191 0.307 0.307 
Year of IPO 0.037 0.157 0.532 0.529 
Years After IPO 0.227 0.203 0.207 0.210 
No Revenue 0.165 0.187 0.311 0.287 
Revenue, Negative Income 0.197 0.179 0.284 0.286 
Positive Income 0.200 0.219 0.305 0.295 
Betas     
All Observations 0.993 0.999 1.907 1.903 
Broadcast & Cable TV 0.804 0.784 1.204 1.178 
Biotechnology 0.747 0.849 1.525 1.561 
Communication Equipment 1.157 1.190 1.677 1.673 
Communication Services 1.019 1.045 1.836 1.842 
Computer Networks 1.023 1.212 1.142 1.208 
Computer Services 0.811 0.715 2.344 2.271 
Retail Catalog/Mail Order 1.240 1.072 1.133 1.142 
Software 1.202 1.165 2.166 2.174 
Year of IPO 0.604 1.026 3.864 3.843 
Years After IPO 1.086 0.991 1.224 1.235 
No Revenue 0.824 0.978 2.170 1.998 
Revenue, Negative Income 1.139 1.026 1.959 1.980 
Positive Income 0.821 0.963 1.775 1.768 



 

 

 

Table 8 

Illustrative Opportunity Cost of Capital for Well-diversified Investors  
and Underdiversified Entrepreneurs 

 
The annualized standard deviation of the market is assumed to be 20 percent, the annualized risk-free rate is assumed to be 4 percent, and the market 
return is assumed to be 10 percent. Industry-specific standard deviations and correlations with the market are representative of 1995-2000 (based on 
Tables 2 and 4). Beta and costs of capital are computed. Reported standard deviations are based on CAPM equilibrium for a well-diversified investor. 
Gross-of-fee cost of capital for well-diversified investors is based on 20 percent carried interest and 2.5 percent annual management fee. The 
entrepreneur’s cost of capital depends on the proportion of wealth invested in the venture.  The table illustrates full commitment (100 percent) and partial 
commitments of 35, 25 and 15 percent.   Entrepreneur’s cost of capital is based on equations (11) and (12) and assumes a one-year commitment.    

 
 

Category Grouping Standard 
Deviation 

Correlation Beta Well-diversified 
Investor  

Cost of Capital 

Underdiversified Entrepreneur  
Cost of Capital 

    Net Gross 100% 35% 25% 15% 
Industry          
Biotechnology 104% 0.15 0.78  8.68% 13.35% 45.9% 34.7% 29.7% 22.4% 
Broadcast and Cable TV   87% 0.24 1.04 10.24% 15.30% 36.3% 27.4% 23.9% 19.1% 
Communication Equipment 120% 0.22 1.32 11.92% 17.40% 53.3% 42.3% 37.2% 29.2% 
Communication Services 104% 0.24 1.25 11.50% 16.88% 44.4% 34.6% 30.4% 24.1% 
Computer Networks   93% 0.21 0.98   9.86% 14.83% 39.4% 29.8% 25.8% 20.2% 
Computer Services 144% 0.17 1.22 11.34% 16.68% 69.9% 56.4% 49.6% 38.2% 
Retail Cat. and Mail Order (Internet) 106% 0.22 1.17 11.00% 16.25% 45.8% 35.5% 31.1% 24.4% 
Software 137% 0.20 1.37 12.22% 17.78% 64.1% 51.6% 45.6% 35.5% 
Firm Age Since IPO          
Year of IPO 212% 0.04 0.39   6.40%   8.25% 158.7% 133.1% 118.6% 89.6% 
1 to 5 Years After IPO 104% 0.23 1.11 11.10% 16.38% 46.6% 34.6% 30.3% 23.9% 
Financial Condition          
No Revenue 119% 0.17 0.98   9.90% 14.88% 54.0% 42.1% 36.6% 27.9% 
Revenue, Negative Income 135% 0.20 1.33 12.00% 17.50% 62.5% 50.4% 44.4% 34.5% 
Positive Income 100% 0.20 1.00 10.00% 15.00% 42.7% 32.6% 28.3% 22.0% 
Employees          
0-25 Employees 126% 0.12 0.73   8.40% 13.00% 59.5% 46.2% 39.8% 29.5% 
26-100 Employees 128% 0.15 0.98   9.90% 14.88% 59.6% 46.8% 40.7% 30.9% 
Over 100 Employees 113% 0.23 1.31 11.80% 17.25% 49.3% 38.9% 34.2% 27.0% 
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