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T
rise and fall of the high-technology
stock sector, mainly Internet stocks
during the 1998-2001 period, has
prompted numerous attempts to

explain how stocks of companies are priced,
particularly when prices do not appear to be
justified by any traditional measures of dis-
counted cash flows. Apparently inflated prices
have in the past been justified by market com-
mentators and even some analysts as a reflection
of the enormous market potential of current
and future products. Rarely, however, have
prices been supported by specific estimates of
growth in cash flows of specific companies. In
only a few cases have the potential cash flows
to these entities been related to the valuation
and prices of high-growth companies. 

While some market commentators in the
popular media have called into question dis-
counted cash flow as a valuation tool, the jus-
tification of high market prices does not require
such a radical departure from traditional valu-
ation theory. Extraordinarily high market prices
relative to current cash flow can still be justi-
fied by the discounted cash flow model, as long
as the assumed combination of a supernormal
cash flow growth rate and the length of time
the supernormal periods will last remains
unspecified, and thereby unquestioned. 

We provide a model that can be used to
question these high market valuations in terms
of the time that supernormal growth must per-
sist to justify these prices at any given growth
rate. In fact, it is possible for prices to be so high

compared to current cash flow that no likely
combination of a supernormal growth rate for
a specified period could justify the prices. 

MODELS OF RAPID GROWTH-
POTENTIAL COMPANIES 

Investors devote considerable resources
to estimating equity value. Common stocks
are typically valued on the basis of either the
firm’s expected profitability, such as earnings,
or its expected distribution of profits to share-
holders, via dividends. The traditional and so
far most widely accepted model is Williams’s
[1938] dividend discount model (DDM). This
model requires forecasting an infinite stream
of dividends, which some academicians argue
is inappropriate. The argument is based on the
idea that long-term forecasts are highly uncer-
tain, so the present value of these cash flow
streams should not be believable.1

Among various attempts to simplify the
dividend discount model, the most notable
effort has been Gordon and Shapiro [1956],
who developed the well-known constant-
growth model. This model too has also been
criticized, for its assumption that growth is
both geometric and indefinite. 

Farrell [1985], Michaud [1985], Sorenson
and Williamson [1985], Reilly [1989], Rozeff
[1990], Fairfield [1994], Ferguson [1997], and
Rappaport and Mauboussin [2001], among
others, have tried to either simplify the model
or make it relevant to financial analysts. Hurley
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and Johnson [1994] give the dividend stream a Markov
property; that is, it provides a series of dividend payments
that resemble real-world patterns. Fairfield [1994] restates
the dividend discount model in terms of abnormal earn-
ings, which reflect a firm’s abnormal return on equity.
Her model shows the dependence of a firm’s price and
price/book value ratio on the present value of abnormal
earnings, but she stops short of showing how financial
analysts can use her formulation to price securities in a
familiar way.2

Schwartz and Moon [2000] apply real options tech-
niques and capital budgeting methodology to construct a
model to estimate the value of an Internet company. They
show that the value of an Internet company can be rational
if its revenues are expected to grow rapidly enough for a
long enough period and if the volatility of expected ini-
tial growth rates is sufficiently high. Furthermore, high
market valuations and a high probability of bankruptcy
can be justified by extremely high potential growth. The
Schwartz-Moon model requires estimates or observations
of over 20 variables, e.g., stock analysts’ future projections
of operating variables, and others that are mathematical
functions not easily understood by non-professionals, e.g.,
speed of adjustment of growth and revenue processes.
Damodaran [1994, 2001] takes a similar approach to the
valuation of stocks of companies with current negative
cash flows. 

Rappaport and Maubossin [2001] develop a stock
selection process that does not attempt a precise mea-
surement of a stock’s value but rather depends on expec-
tations implied by the company’s stock price to estimate
the implied persistence of supernormal growth, according
to what the market expects the company’s cash flow
growth rate to be.3 These estimates can help investors
determine, based on this forecast period, whether a stock
is overvalued, undervalued, or properly valued. 

Our model follows Rappaport and Maubossin
[2001] but differs in three major areas. Unlike the
Rappaport and Maubossin model, our model accommo-
dates negative initial cash flows. Unlike many previous
models, it permits an explicit treatment of fixed costs and
variable cost as a declining function of the firm’s free cash
flow estimates, and it allows free cash flows beyond the
horizon to be different from net operating profit after
taxes (NOPAT).4

With such a model, an analyst can model free cash
flows, even if currently negative, during the supernormal
revenue growth period, and determine the required period
of supernormal revenue growth to justify the current stock

price. The analyst can also determine the break-even
period for cash flows that are currently negative. A model
that can be applied to companies with current negative
free cash flow is more useful for the valuation of many
young companies that are in the early stages of growth,
although it is meant to be a tool to aid in judgment rather
than a tool to provide a specific value or range of values.  

Whether a company will be able to meet or exceed
this required time of supernormal revenue growth is the
basis for the judgment required of all investors. These
decisions can be made using objective financial analysis as
well as subjective opinions.

DATA

To apply our model we use the 2002 SEC Form
10K data for Yahoo! Inc. The data are supplemented with
data from Value Line. 

To estimate the long-run profit margin, rπ, and the
parameter F, we solve Equation (A-2) in the appendix for
St – Ct and obtain St – Ct = rπ St – F, since (St – Ct) =
EBITA, a regression of earnings before interest, taxes, and
amortization on revenue, to provide estimates for rπ and
F. Using Yahoo’s 10K data for the period between 1998
and 2000 and performing the regression, we find that
EBITAt = 0.24St – 101 and R2 = 0.28. Using data from
our alternate source, Value Line Investment Survey (May
23, 2003), we find EBITAt of 0.25St – 49 and an R2 equal
to 0.32.

Given these estimates, we assumed rπ to be 15%,
the regression coefficient for St, or revenue during the
period, minus employee stock option (ESO) expenses.
ESO expenses reported in the 10K ranged from 14.6% to
25.1% of revenues, but we chose 10% to be the expected
future ESO value, given the anticipated decline in use of
ESO. The estimated value for F ranged between 49 and
101, so we chose F to be equal to 78 in the simulation.

The input values in Exhibit 1 reflect our estimates,
including several subjective estimates, based on the most
recent publicly known information in Yahoo’s 10K and
Value Line’s tear sheet for Yahoo as of May 23, 2003.
These include the closing price, P0, the capitalization rate
Rcap estimated by using 10K data and calculating the five
year average, and the expected inflation rate (gn) repre-
sented by the company’s long-term growth rate. The
growth rate in sales during the period of supernormal
growth, gs, is based on Yahoo’s own sales goal. 

The weighted average cost of capital (WACC) is
estimated using the capital asset pricing model (CAPM)
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to be 10.9%. The corporate tax rate (rT) is the four-year
average cash tax rate, while the profit margin on sales is
estimated using a regression of EBITA on sales over a five-
year period. 

Net operating assets (NOA) are calculated by adding
together excess cash and marketable securities. Economic
liabilities are estimated by summing up long-term debt,
the total after-tax value of the employee stock options, cap-
ital leases, other liabilities, and minority interest. Esti-
mates of rw, the incremental working capital rate as a
fraction of revenue increase, range from –25% to +7%, and

we use an arbitrary value of 3.5%. 
Assuming a triangular distribution, the input vari-

ables, or point estimates, are used as the means or mid-
points of the distribution, and a minimum (min) and
maximum (max) value is obtained for each variable by
±25% of the point estimate to the midpoint value. Exhibit
2 shows these values for the Monte Carlo simulation using
10,000 iterations.

RESULTS

The usefulness and sensitivities of the model are
tested by performing a sensitivity analysis and a Monte
Carlo simulation. The sensitivity analysis estimates ts, the
minimum supernormal growth period, as a function of
the stock price. The Monte Carlo simulation shows the
distribution of ts for a given stock price and the distrib-
utions of other uncertain variables such as the growth rate
estimate. That is, the Monte Carlo simulation explicitly
recognizes the uncertainty in the input variables, and cal-
culates the distribution of ts implied for a specified stock
price. It is up to the analyst to determine whether the
distribution of the implied ts at the given stock price is
reasonable or not. 

Exhibit 3 provides the model’s output values of ts
based on the point estimates in Exhibit 2. The free cash
flow (FCF) estimated at t = 1 is $16.94 million. This
analysis shows that sales growth at 23.2% must persist for
2.73 years before declining to 3.0% normal growth (gn)
to justify a stock value of $28.49. 

Exhibit 4 provides the model’s output values of ts
based on the same set of input values except the profit
margin, rπ, which is set at 10% instead of 15%. In this
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Rcap 16.8%
Rw 3.5%
gs 23.2%
WACC 10.9%

Rpi 15.0%
Regression Slope 0.25
ESO Expenses 10%
Fc 78.0

Values used in Sensitivity Analysis and in Monte Carlo Simulation

S0 953.1
Rtx 37.00%
gn 3%
NOA $1,245.7
Econ Liab($mm) $745.19
P0 28.49$
N (mm) 59.486                               

NOA
Excess Cash $19.1
Mktable Sec (mm) $1,226.6
Total $1,245.7

Econ Liabilities 745.19
LT Debt 0.00
ESO 629.10
Cap. Lease 0.00
Other Liab 84.54
Minority Interest 31.56

Liability - ESO
Total Pre-Tax Value of ESOs  (mm) $968
Marginal Tax Rate 35%
Total After-Tax Value of ESOs  (mm) $629

Values used in 
Sensitivity Analysis

YAHOO

E X H I B I T 1
Simulation Input Parameters when Stock Price is $28.49

Mean Min Mid Max
Rcap 16.8% 12.6% 16.8% 21.0%
Rw 3.5% 2.6% 3.5% 4.4%
gs 23.2% 17.4% 23.2% 29.0%
WACC 10.9% 8.2% 10.9% 13.6%

Rpi 15.0%
Regression Slope 25.0% 18.8% 25.0% 31.3%
ESO Expenses 10.0% 7.5% 10.0% 12.5%
Fc 78.0 58.5 78.0 97.5

Values in Monte Carlo SimulationYAHOO

E X H I B I T 2
Monte Carlo Simulation Input Parameters 
when Stock Price is $28.49



case, initial cash flow is negative at –$20.05 million.
Exhibit 5 graphs the values of ts, the implied super-

normal growth period, for the two different values of P0.
The supernormal growth rate (gs) of 23.2% must now per-
sist for 6.54 years before the growth rate declines to the
normal growth rate, gn, of 3.0% to justify the $28.49 stock
price. The period for FCF to break even is 3.51 years. 

Analysts must assess whether the implied period of
6.54 years and 23.2% supernormal growth rate that is
necessary to justify the current stock price is reasonable
in light of their analysis of the firm. Can the firm sustain
a negative free cash flow for 3.51 years?

Exhibit 6 shows the probability distribution of ts
from the Monte Carlo simulation. The mean value of ts
is 3.0 years with a standard deviation of 2.0 years and a
skewness value of 1.0; i.e., the distribution is positively
skewed. The percentage labels show the probability that
ts, the minimum supernormal growth period, will be
shorter than or equal to a given number. For example, the
probability that ts will be under 2.3 is 40%; that is, there
is a 60% probability for ts > 2.3 years. Exhibit 7 shows that
the probability distribution for values of ts is positively
skewed, and that there is a substantial risk of ts values
much higher than 6.54 years.

Further analysis, not tabulated, shows that of all the
input variables used in our study, the three most sensitive
variables are the regression slope, the weighted average
cost of capital, and the employee stock option expense
ratio. Analysts may want to focus on accurate estimation
of these input variables.

CONCLUSION

How much financial analysts focus on value drivers
for a common stock’s price varies by the type of firm.
For stocks of firms in rapid growth industries, often with
large negative free cash flows, the focus for valuation
should be on the growth rate in revenue, how long the
firm can sustain its rapid growth in revenue, and how long
it will take for the firm to generate positive free cash flows.
Firms that are developing and marketing products and
services characterized by recent technological change are
good examples of high-growth potential firms whose
value is based in large part on this period of rapid growth
in revenues. 

A model that evaluates the time necessary for sales
revenues to grow at a specified rapid growth rate to jus-
tify a current stock price shows that the time rapid growth
must last in order to justify the stock’s price depends on
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At P0 = $28.49, ts = 2.73
At P0 = $28.49, t0 = + CF0

P0 Ts (yrs)
$20 0.2
$30 3.1
$40 5.3
$50 7.1
$60 8.6
$70 9.9
$80 11.1
$90 12.1

$100 13.0
$110 13.9
$120 14.6
$130 15.3
$140 16.0

CF at t = 1 ($ millions) $16.94

E X H I B I T 3
Ts as a Function of P0

At P0 = $28.49, ts = 6.54
At P0 = $28.49, t0 = 3.51

P0 Ts (yrs)
$20 3.6
$30 7.0
$40 9.5
$50 11.5
$60 13.1
$70 14.5
$80 15.7
$90 16.8

$100 17.8
$110 18.7
$120 19.5
$130 20.2
$140 20.9

CF at t = 1 ($ millions) -$20.05

E X H I B I T 4
Ts as a Function of P0—Different Profit Margin

Implied Supernormal Growth Period
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the firm’s operating characteristics, operating capital
requirements, cost of capital, and tax rate. It also provides
an estimate of the time firm cash flows take to break even
under these characteristics and requirements. 

Such a model should be a useful analytical tool for
the analysis of firms whose stock values are based pri-

marily on their ability to generate rapid growth in rev-
enues over a long enough time. It should also be useful
to evaluate firms whose survival may depend on gener-
ating cash to break even. 

We estimate the model output values of these super-
normal growth period and break-even period variables
using sensitivity analysis and Monte Carlo simulation to
provide a range of operating input variables for Yahoo! Inc.
Simulation of the model with Yahoo’s estimated data illus-
trates the potential use of the model.

APPENDIX: MODEL

Expected Supernormal Growth Period

The model uses expected revenue growth as the value
determinant of a firm’s stock price to focus on the critical
growth variable in order to determine whether a stock is fairly
priced. The model provides the required duration of super-
normal growth, ts, that justifies the stock’s market price, given
its current free cash flow. Its derivation demonstrates that ts is
a function of the present values of free cash flows consisting of:
1) net operating profit after taxes, including fixed and variable
operating costs; 2) operating capital expenditure and working
capital changes and the revenue growth rates; and 3) the
weighted average cost of capital. 

The notation is as follows:

St = revenue (sales) during period t;
gs = growth rate in sales during the period of super-

normal growth;
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Minimum 0.0
Maximum 19.6
Mean 3.03
Std Deviation 2.0
Variance 3.9
Skewness 1.0
Kurtosis 4.8
5% Perc 0.3
10% Perc 0.7
15% Perc 1.1
20% Perc 1.3
25% Perc 1.6
30% Perc 1.8
35% Perc 2.1
40% Perc 2.3
45% Perc 2.5
50% Perc 2.7
55% Perc 3.0
60% Perc 3.2
65% Perc 3.5
70% Perc 3.8
75% Perc 4.1
80% Perc 4.5
85% Perc 5.0
90% Perc 5.7
95% Perc 6.7

E X H I B I T 6
Probability Distribution of Ts
from Monte Carlo Stimulation
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gn = expected inflation rate during the period after super-
normal growth;

rπ = profit margin on sales;
F = fixed cost of operating assets;
r = weighted average cost of capital (weighted by pro-

portions of firm’s debt and equity);
rT = corporate tax rate;
rC = incremental fixed capital rate as a fraction of revenue

increase; and 
rw = incremental working capital rate as a fraction of rev-

enue increase (i.e., ratio of working capital to sales). 

To derive the model, revenue is assumed to grow at a
supernormal growth rate, gs, during the period between t = 1
and ts, and at a lower long-run growth rate, gn, thereafter:

(A-1)

The cost function is assumed to have two parts: a vari-
able cost proportional to the revenue, and a fixed cost:

Ct = (1 – rπ )St + F (A-2)

where rπ = profit margin on sales.5

Since the operating profit at t, πt, is πt = St – Ct = Strπ
– F and the tax is Tt = πtrT where rT = tax rate, the net oper-
ating profit after tax (NOPAT) is:

NOPAT ≡ πt – Tt = (1 – rT)πt = (1 – rT)rπSt – (1 – rT)F

(A-3)

The free cash flow (FCF) can then be expressed as:

(A-4)

where the incremental working capital requirement and the
incremental fixed capital requirement are assumed to be pro-
portional to the revenue growth. That is:

incremental fixed capital expenditure required = 
rC(St – St–1); and
incremental working capital required = 
rw(St – St–1)

where

rC = incremental fixed capital rate as a fraction of revenue
increase; and 
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rw = incremental working capital rate as a fraction of rev-
enue increase.

In equilibrium, the present value of the free cash flows
should be equal to the sum of the market value of equity and
the market value of debt and other liability, net of non-oper-
ating assets. An implied length of the supernormal growth
period, ts, can be found by solving the equality:

(A-5)

where:

(A-6)

PV(FCF) ≡ P0Ns + market value of debt and other liabilities
– nonoperating assets;

Po = market value of common stock;
Ns = outstanding number of shares;

(A-7)

(A-8)

In words, the minimum supernormal growth period, ts,
that would be needed to justify the stock’s current price depends
on the idea that the market value of the firm based on the cur-
rent share price and the market value of liabilities equals the pre-
sent value of all future free cash flows. The company’s revenue
is assumed to grow at rate gs, the sales growth rate, for a period
equal to ts, followed by growth thereafter of gn, which may be
determined by the expected inflation rate for this period. 

If growth at the supernormal rate, gs continues long
enough, i.e., for a period of time equal to ts, before normal
growth (gn) begins, the current stock price is justified, even if
current free cash flow is negative. What is required for the sum
of present values of future free cash flow to be equal to the cur-
rent price per share is that the period of rapid growth in free
cash flow be long enough before growth slows down to its
normal growth.

At a low enough value of P0, the value of the implied ts
will be negative, implying that the stock is underpriced. This
occurs because the PV of the free cash flows growing at the
normal revenue growth rate from the time of the analysis, t =
0, not at the supernormal growth rate, exceeds the sum of the
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equity market value and the market value of debt and other
liabilities net of non-operating assets.

Expected Break-Even Period 
When Free Cash Flow Is Negative

An interesting question arises if a stock’s current free cash
flow is negative. How do we estimate the time until the cash
flows become zero or positive? Since many technology stocks
have negative free cash flow (FCF) for a considerable time
period, this is a vital question.

Since the model has also been designed to account for
negative cash flow, we can estimate the expected FCF break-
even period, t0. The results are as follows.

If the break-even period occurs during the period of super-
normal growth, i.e., prior to the end of supernormal growth, t0
< ts, the break-even period is given by the expression: 

(A-9)

The second possible condition is when the break-even
period occurs one period after normal growth ensues, e.g., t0
> ts. Then we can solve the expression FCFt for t0 ≥ ts + 1. In
this case, the break-even period is given by the equation:6

(A-10)

The third condition is the special case required by the
use of discrete periods in the model where the possibility of the
break-even occurring during the interval is after the last period
of supernormal growth, ts, but before the period of normal
growth, gn. This would be the case if we find that t0 > ts under
Equation (A-9) and that t0 < ts + 1 under Equation (A-10). In
this case, free cash flow breaks even during this transitional
interval:

FCFt < 0 when t0 = ts and
FCFt > 0 when t0 = ts + 1 (A-11)

and the expected break-even period is between ts and ts + 1.
Detailed derivations of the model and the FCF break-even

period are available from the authors on request.
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ENDNOTES

1See Ferguson [1997], for example.
2Fairfield’s model shows that a firm’s present value is the

sum of its book value and the present value of its abnormal
earnings.

3The forecaset period is defined as the number of years
needed for the sum of all the present values of future cash flows
to equal the company’s current price.

4Rappaport and Mauboussin assume the incremental cash
inflows beyond the horizon exactly offset the incremental cash
outflows due to the incremental working capital required and
the fixed asset changes.

5This model can easily be adapted to a model to include
a declining variable function where the variable unit cost is a
declining function of sales. For example, if the variable cost func-
tion is (1 – rπ + v/St)St where rπ = long-run profit margin on
sales, and v = a coefficient for the decling portion of variable
unit cost, the total cost including a fixed cost of operating assets,
f, can be represented as: Ct = (1 – rπ + v/St)St + f.

By defining F = f + v, the cost function becomes iden-
tical to Equation (A-2).

6If t0 = ts + 1, t0 may be simplified as:

We are grateful to Souad Ajili for pointing this out.
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