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Abstract

In this article we expand and improve the Internet company valuation model of Schwartz
and Moon (2000) in numerous ways. By using techniques from real options theory and
modern capital budgeting, the earlier paper demonstrated that uncertainty about key variables
plays a major role in the valuation of high growth Internet companies. Presently, we make
the model more realistic by providing for stochastic costs and future financing, and also by
including capital expenditures and depreciation in the analysis.

Perhaps more importantly, we offer insights into the practical implementation the model.
An important challenge to implementing the original model was estimating the various
parameters of the model. Here, we improve the procedure by setting the speed of adjustment
parameters equal to one another, by tying the implied half-life of the revenue growth process
to analyst forecasts, and by inferring the risk-adjustment parameter from the observed beta of
the company’s stock price. We illustrate these extensions in a valuation of the company eBay.

Keywords: internet valuation; real options; asset pricing
JEL Classifications: G12

1. Introduction

In Schwartz and Moon (2000) we develop a model for pricing Internet compa-
nies using real options theory and modern capital budgeting techniques. The novelty
of the approach is that uncertainty about the key variables which determine the
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value of an Internet company play a central role in the valuation. In particular, we
consider uncertainty in both the revenues and the rates of growth in revenues.

In this article we expand and improve the model in several directions. First,
we introduce a third stochastic variable to the model, variable costs. These are
allowed to follow a mean reverting process with volatility that also mean reverts
deterministically. This feature is important since many Internet companies have not
yet been profitable but, presumably, are expected to be profitable in the future.

Second, we use the fact that the theoretical framework allows us to compute
the beta of the stock as a means of inferring the risk premium in the model. The
estimation of the market price of risk in the model, an unobservable parameter, was
one of the most challenging aspects of the approach. We can now use the beta of
the Internet stock to infer this parameter.

Third, we explicitly take into account capital expenditures and depreciation
when calculating the net after tax cash flows. This is done by introducing a third
deterministic path-dependant state variable (property, plant and equipment) that
increases with capital expenditures and decreases with depreciation. This feature of
the model is important for Internet companies that require large investment in fixed
assets.

Fourth, we attempt to improve the bankruptcy condition in the model by
allowing the cash balances to become negative. This provides for future equity and
debt financing, or for the possible future sale of the company. The optimal financing
is that which maximizes the value of the firm.

Fifth, we suggest a number of simplifying assumptions that considerably facili-
tate the practical implementation of the model. One of these is to set all the speeds
of adjustment in the model equal to one another and derive them from the half-life
of the company to becoming a normal firm. Another simplification is to assume
that both the growth rates in revenues and variable costs are orthogonal to the
market returns. Then, only the revenue process has a risk premium associated with
it, which must be estimated to implement the model.

Sixth, we relate the half-life of the deviations to analysts’ (or the evaluator’s)
expectations about future revenues. This is done in recognition of the fact that the
speed of adjustment of the growth rate of revenues is critically important for valuation
purposes.

Seventh, when the market prices of the straight debt issues are available we
use them in the process of computing the value of the stock starting from the total
value of the firm.

The expanded model, then, has six state variables, three of which are stochastic
and three of which are deterministic (although path-dependant). The three stochastic
variables are the revenues, the growth rates in revenues and the variable costs. The
three deterministic path-dependant variables are the amount of cash available, the
loss-carry-forward and the accumulated Property, Plant and Equipment. We solve
the problem by Monte Carlo simulation, which can easily deal with this number of
state variables and the complex path-dependencies of the problem.
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In Section 2 we present the model with all the new features described above
in its continuous-time version. Since the model is solved by simulation using an
interval of time that can be quite long, such as one quarter or one year, Section 3
discusses in detail a discrete time approximation. Section 4 provides an illustrative
example of the approach by pricing eBay stock and Section 5 presents comparative
statistics with respect to some of the key parameters. Section 6 concludes.

2. Continuous-time model

Consider an Internet company with an instantaneous rate of revenues (or sales)
at time t given by R(t). Assume that the dynamics of these revenues are given by
the stochastic differential equation:

dR(1) _
() = w(2)dr + o(t)dz )]

where (1), the drift, is the expected rate of growth in revenues and is assumed to
follow a mean reverting process with a long-term average drift . That is, the initial
very high growth rates of the Internet firm are assumed to converge stochastically
to a more reasonable and sustainable rate of growth for the industry to which the
firm belongs.

dp(t) = k(. = w(1)dt + n(t)dz, 2)

The mean-reversion coefficient (k) affects the rate at which the growth rate is
expected to converge to its long-term average, and In(2)/k can be interpreted as the
“half-life’’ of the deviations. Any deviation of the growth rate from its long-term
average is expected to be halved in the time period In(2)/x.

The unanticipated changes in revenues are also assumed to converge (determin-
istically) to a more normal level whereas the unanticipated changes in the expected
growth rate are assumed to converge (also deterministically) to zero.

do(1) = ki (o — o(t))dt (3)
dn(t) = —kom(t)dt 4

The unanticipated changes in the growth rate of revenues and the unanticipated
changes in its drift may be correlated:

dz1dzy = pyodt (5)
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Total costs at time any t have two components.' The first is a variable compo-
nent, which is assumed to be proportional to the revenues. The second is a fixed
component.

Cost(t) = y(t)R(t) + F (6)

The variable costs parameter (t) in the cost function is also assumed to be
stochastic reflecting the uncertainty about future potential competitors, market share,
and technological developments. It follows the stochastic differential equation:

dy(t) = ka(y - Y(t)dt + ¢(1)dzs (7)

The mean-reversion coefficient (k3) describes the rate at which the variable costs
are expected to converge to their long-term average, and In(2)kz can be interpreted
as the “‘half-life’” of the deviations. Any deviation of the variable costs from its
long-term average is expected to be halved in this time period. The unanticipated
changes in variable costs are also assumed to converge (deterministically) to a more
normal level:

de(t) = ka(@ — @(t))dt ®)

We also allow for correlation between unanticipated changes in variable costs
and both revenues and growth rates in revenues:

dzidzs = pyadt )]
dzrdzz = p23dl (10)

The after tax rate of net income to the firm, Y(t), is then given by:

Y(t) = (R(1) - Cos(t) — Dep(t)(I - 1) (11

The corporate tax rate 7. in (11) is only paid if there is no accumulated loss-
carry-forward (i.e. if the loss-carry-forward is positive the tax rate is zero) and the
net income is positive. The dynamics of the loss-carry-forward are given by:

dL(t) = -Y(t)dt if L(t) > 0 (12)
dL{t) = Maz [-Y(t)dt, O] if L(t) = 0

! More complicated cost functions can easily be incorporated in the analysis since the problem is solved
by simulation.
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The accumulated Property, Plant and Equipment at time t, P(t), depends on
the rate of capital expenditures for the period, Capx(t), and the corresponding rate
of depreciation, Dep(t). Planned capital expenditures, CX(t), are known for an initial
period and after that they are assumed to be a fraction CR of revenues. Depreciation
is assumed to be a fraction DR of the accumulated Property, Plant and Equipment.

dP(t) = {Capx(t) — Dep(t)}dt (13)
Capx(1t) = CX(1) for t < t (14)
Dep(t) = DR * P(t) (15)

Then, the amount of cash available to the firm, given by X(t), evolves ac-
cording to:

dX(t) = {rX(t) + Y(t) + Dep(t) — Capx(t)}dt (16)

The untaxed interest earned on the cash available is included in the dynamics of
the cash available to make the valuation results insensitive to when the cash flows
are distributed to the security-holders. Since in the risk neutral framework we
discount risk adjusted cash flows at the risk free rate of interest, we also need to
accumulate cash flows at the same risk free rate. For all purposes, except for
determining the bankruptcy condition, this is equivalent to discounting the cash
flows generated by the firm when they occur as opposed to at the horizon T.

To avoid having to define a dividend policy in the model, we assume that the
cash flow generated by the firm’s operations remains in the firm and earns the risk
free rate of interest. This accumulated cash will be available for distribution to the
shareholders at an arbitrary long-term horizon T, by which time the firm will have
reverted to a ‘‘normal’’ firm.

The firm is assumed to go bankrupt when its cash available reaches a predeter-
mined negative amount, X'. The purpose of this is to allow for future financing.
The optimal amount of new financing in the future is the one which maximizes the
current value of the firm, though we recognize that in many practical situations
firms go bankrupt before their value reaches zero. To obtain the “‘optimal’’ amount
of new financing we decrease X" until firm value is maximized. The true optimal
amount of new financing, however, is state-dependant and has to be obtained jointly
with the valuation of the firm using dynamic programming type techniques. Longstaff
and Schwartz (2001) show how to solve this problem using cross-sectional informa-
tion from the simulation in least-squares regressions.

The objective of the model is to determine the value of the Internet firm at
the current time. According to standard theory this value is obtained by discounting
the expected value of the firm at the horizon under the risk neutral measure (the
equivalent martingale measure) at the risk free rate of interest, which for simplicity
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is assumed to be constant.” The value of the firm at the horizon T has two components.
First, the cash balance outstanding and second, the value of the firm as a going
concern, which is assumed to be a multiple M of the EBITDA at the horizon T:

V(0) = Eq {X(T) + M * [R(T) - Cost Nl an

The model has three sources of uncertainty. First, there is uncertainty about
the changes in revenues. Second, there is uncertainty about the expected rate of
growth in revenues. Third, there is uncertainty about the variable costs. We will
assume that only the first source of uncertainty has a risk premium associated with
it and later on we will relate this risk premium to the ‘‘beta’” of the stock. Under
some simplifying assumptions leading to the Intertemporal Capital Asset Pricing
Model of Merton (1973) the risk adjusted processes for revenues can be obtained
from the true processes as in:

dR(1)

R [(D) = MD)Jdt + a(t)dz, (18)

where the risk premium I(t) is related to the covariance between the revenue process
and the return on the market portfolio. Since the processes for the growth rate of
revenues and variable costs do not have risk premiums associated with them, the
true and the risk-adjusted processes are the same.

Most analysts and investors are more interested in the price of a share than in
the value of a whole company. To obtain the price of a share from the total value
of the firm we need to examine the capital structure of the company in detail. We
need to know how many shares are currently outstanding and how many shares
are likely to be issued to current employee stock option holders and convertible
bondholders. We also need to know how much of the cash flows will be available
to the shareholders after coupon and principal payments to the bondholders.

To simplify the analysis, we assume that if the firm survives options will be
exercised and convertible bonds will be converted into shares.” This means that in
each of the paths of the simulation where the company does not go bankrupt, we
adjust the number of shares to reflect the exercise of options and convertibles. To
obtain the cash flows available to shareholders from the cash flows available to all
security-holders (which determine the total value of the firm), we subtract the
principal and after-tax coupon payments on the debt* and add the payments by
option holders at the exercise of the options. Since we are assuming that the firm
pays no dividends, the exercise of the options and convertibles occurs at their

2 It would be easy to incorporate stochastic interest rates into our framework.
3 The Longstaff and Schwartz (2001) approach could be used to obtain a more precise exercise strategy.

4 When the market price of bonds is available we subtract it directly from the firm value.
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maturity. If all option holders exercise their options optimally, the above procedure
overvalues the stock by undervaluing the options and convertibles, since there might
be some states of the world where the firm survives but it is not optimal to exercise
the options or convert the convertibles.

In addition, it is well known that for diversification purposes, employee stock
options are frequently exercised before maturity, if they are exercisable, to allow
for the sale of the underlying stock. Also, even if they are in the money, not all of
the options will be exercised since many of the employees will leave the firm before
their options vest. However, over time the firm will likely issue additional employee
stock options to existing and new employees. If the number of shares to be issued
at exercise and conversion is small relative to the total number of shares outstanding,
the impact of these issues on the share value is likely to be very small.

Implicit in the model described above is that the value of the firm and the
value of the stock, at any point in time, are functions of the value of the state
variables (revenues, expected growth in revenues, variable costs, loss-carry-forward,
cash balances and accumulated Property, Plant and Equipment) and time. That is,
the value of the stock can be written as:

S = S(R,p,v,L,X,P,t) (18)

Applying Ito’s Lemma to this expression we can obtain the dynamics of the stock
value:

1
dS = SgdR + Sy + Sydy + SpdL + SxdX + SpdP + St + ESRRdR2 (19)
1 1
+ Eswdﬁ + ESwary2 + Sg,dRdp + SgydRdy + S,ydp.dy
The volatility of the stock can be derived directly from this expression:
S S S SrS SgS
o3 = CEoR? + (CEn)? + (@) + 225 ERampry + 225 Roypis (20)
S S S S S
A%
+ 2#&71@923
The partial derivatives of the stock value with respect to the level of revenues,
to the expected rate of growth in revenues, and to the variable costs are obtained

by simulation.’ Since the initial volatility of the expected growth rate of revenues
(Mo) is one of the most critical parameters in the valuation model and is difficult

5 The initial value of the revenues (the rate of growth in revenues and the variable costs) is perturbed
to obtain new values of the equity from which these derivatives are computed.
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to estimate, equation (20) is used in the implementation of the model to imply ny
from the observed volatility of the stock price.

Using expression (19) and the continuous time return on the market portfolio,
and noting that only the revenue process is correlated with the return on the market,
we can write the ‘‘beta’” of the stock as a function of the ‘‘beta’” of the revenues:

[y RS, t RS
By = 0 = Bor pwnowot) _ Korg, 1)

From the Intertemporal Capital Asset Pricing Model we can write the expected
return on the stock as:

rs=r+Bry-r)=r+ %BR("M -r) (22)

By equating the expected return on the stock given by (22) with the one
obtained from (19) we can derive the risk premium in the model, A(1):

M1) = Brlrm = 1) (23)

Finally, using (21) and (23) we can write the beta of the stock as a function
of the risk premium in the model:

By = or MO @4
S M—7T

We can then use (24) to infer the risk premium from the beta of the stock. In
the implementation of the model we set A(f) = No(?) since the volatility of the
revenues changes with time and the risk premium is proportional to the beta of the
revenues.

3. Discrete-time approximation of the model

The model developed in the previous section is path-dependent. The cash
available at any point in time, which determines when bankruptcy is triggered,
depends on the whole history of past cash flows. Similarly, the loss-carry-forward
and the depreciation tax shields, which determine the timing and amount of corporate
taxes the firm has to pay, are also path-dependent. These path-dependencies can
easily be taken into account by using Monte Carlo simulation to solve for the value
of the Internet company.
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In the implementation of the model we assume that all the mean reversion
coefficients are equal and their unique value is inferred from the expected half-life
of the deviations in growth rates in revenues. To perform the simulation we use the
discrete version of the risk-adjusted processes:6

2 _
(L) = No(t) - @—]AI + o(OV Ate )

R(t + At) = R(t)e

. _ p-2kAr
w( 4 A0 = ¢ i) + (1 — ) L+ /Z—Zi—’”f\(f)t‘?z 26)

(25)

Yt + AD = () + (1 - € v + ’—‘2—1‘-2“—”@(:)83 (27)
where:
o(t) = o + a(l — ™) (28)
n(1) = nee ™ 29)
@) = goe™" + @(l = ¢™) (30)

Equations (28) - (30) are obtained by integrating (3), (4) and (8) with initial values
00, Mo and ¢o. These are exact solutions, not approximations. £, & and &3 are
standard correlated normal variates.

The mean reverting processes for the rate of growth in revenues (Equation (2))
and for the variable costs (Equation (7)) with their respective volatilities decreasing
with time according to (29) and (30) allow for a closed form solution for the future
distribution of these variables. For example, the variable costs at time t are normally
distributed with mean and variance equal to:

E[Y(D] = yoe ™ + y(1 - €7) (31)
2 P N Il
Var[y()] = (g5 — 2¢o9 + ¢ )te " + 2(pop — ¢7)e (32)
— 1 _ e—ZKI
+
2k

where for simplicity we have assumed that the mean reversion parameter in the
variable cost process and its volatility are the same.

6 Note that there is a typo in the equation corresponding to (26) in Schwartz and Moon (2000).
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In the limit when t goes to infinity this distribution converges to a normal with
mean and variance:

E[y(®)] =y (33)

—2

Varly(®)] = = (34)
2k

The distribution of the growth rate of revenues is equivalent, but with the long-
term volatility equal to zero.
Note that as time grows the volatilities in the model converge to:

o(%) = @ (35)
n(®) =0 (36)
@) = ¢ (37)

and the growth rate of revenues converges to:
H(®) = (38)
This implies that the revenue process converges to:

%3 = pdt + odz (39)

The net income after tax is still given by equation (11) where all variables are
measured over the period Ar. Similarly, the discrete versions of the dynamics of
the loss-carry-forward, the accumulated Property, Plant and Equipment, and the
amount of cash available are immediate.

Depending on the situation, the unit of time Ar chosen for the analysis is one
quarter or one year. The advantage of using the latter is that it allows for smoothing
of seasonal effects and is more consistent with typically annual longer-term analyst
projections.

4. lllustrative example

In this section we apply the model described in previous sections to value
eBay. Ebay is the world’s largest online trading community. Founded in September
1995, it is a marketplace for the sale of goods and services by a community of
individuals and small businesses. At the beginning of the year 2001 it included 18.9
million registered users.
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The results obtained from our valuation approach, like those of any other
valuation approach, depend critically on the assumptions we make about future
revenues, rates of growth in revenues, and costs. In what follows we describe how
we estimate the parameters needed to run the Monte Carlo simulation from the past
and present data available for eBay, and from analysts forecasts relating to the
company. Since most forecasts of capital expenditures, revenues and costs are
available on an annual basis, all of our simulations are done on an annual basis.

4.1. Revenue dynamics

As the starting value for the revenue simulation we take the actual revenues
for 2000 of $431 million. The initial volatility of revenues is obtained from quarterly
data from the third quarter of 1998 to the fourth quarter of 2000, and annualized
to give 0.167. This volatility is assumed to decrease with time to the long-term
volatility of revenues of 0.083.” The half-life of this deviation and of all the others
in the model are assumed to be 2.8 years. Later on we explain in more detail how
we obtain this value for the half-life.

4.2. Growth rate of revenues dynamics

The initial growth rate of revenues is taken to be 43.4% continuously com-
pounded per year. This represents the average forecast of four analysts for the
growth rate from 2000 to 2001. It is assumed that in the long run, when eBay
becomes a normal firm, this growth rate will decrease to 5% per year. The initial
annual volatility of the growth rate, which is one of the critical parameters in the
model, is unobservable. We imply it from the volatility of the stock. Figure 1 shows
the daily, implied volatility of eBay options from February 1, 1999 to March 30,
2001. The average implied volatility of the stock during this period was 91%.

Figure 2 shows distributions of the rate of growth in revenues implied from
these parameters in one, three and ten years. Note that the distribution shrinks and
moves left as time increases; it converges to a constant 0.05 at infinity.

4.3. Variable cost dynamics

Using actual data for 1999 and 2000, and analyst estimates for 2001, Figure
3 reports the results of regressing cash costs on revenues. From these results we
take 0.71 as the initial variable cost as a fraction of revenues, and $43 million as
the annual fixed cost. We assume that in the long run variable costs will remain at
$0.71 per dollar of revenue. Finally, we assume that the initial volatility of variable
costs of 0.06 will decrease in the long run to 0.03. With these assumptions the

7 The valuation results are not sensitive to this parameter.
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distributions of variable costs one year, three years and ten years in the future are
shown in Figure 4. The mean of the distribution remains at 0.71, but note that the
standard deviation first increases from one to three years and then decreases from
three to ten years.

4.4. Half-life of deviations and correlations

As mentioned earlier, to simplify the analysis we have assumed that all the
mean reversion processes in the model have the same speed of adjustment coefficient.
The mean reversion parameter that determines how fast the initial growth rate of
revenues reverts to its long-term rate has the most significant effect on valuation.
This is not surprising. If we start with an initial growth rate of 43.4% and we assume
that in the long run it decreases to a more normal 5%, then the speed at which it
decreases will have a tremendous impact on future revenues. Figure 5 shows the
actual and expected growth rate of revenues predicted by analysts and implied by
the model parameters. Note that with a half-life of 2.8 years, the model expected
revenue growth closely matches the analysts revenue growth prediction for 2002.

In this illustration we have assumed that the three stochastic processes are
uncorrelated. In the next section we consider the effect of possible correlations
between the variables.
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4.5. Balance sheet data

The cash and marketable securities available at the end of the year 2000 was
$556 million and the firm had no loss-carry-forward at that point in time. The
accumulated property, plan and equipment was $125.2 million.

The number of shares outstanding was 269.311 million shares. In addition the
company had 26.249 million employee stock options outstanding with a weighted-
average life of 8.4 years and a weighted average exercise price of $38.99. Finally,
the firm had only $27 million of mortgage debt outstanding.” This information is
used to determine the price of the stock starting from the total value of the firm.

4.6. Capital expenditures and depreciation

Analysts have forecasted eBay’s capital expenditures to be $64 million, 13%
of revenues, in the year 2001. So, starting from 2002 we assume that capital
expenditures will be 13% of revenues. In accordance with the firm practice we
assume that the annual depreciation allowance is 33% of the accumulated property,
plant and equipment of the previous year.

4.7. Environmental and risk parameters

The corporate tax rate is taken to be 35% and the risk free rate of interest 5%.
The risk premium on the market portfolio used in the model to relate the market
price of risk to the beta of the stock is assumed to be 6%.

The market price of risk in the model corresponding to the revenue process is
an unobservable parameter. We imply it from the beta of the stock. Figure 6 shows
the regression used to estimate beta using weekly stock returns for eBay and the
S&P 500 Index from September 25, 1998 to March 30, 2001.'° The estimated beta
is 2.67. In the calculations, however, we use the Bloomberg adjusted beta of 1.76
to take into account measurement error in the estimation of beta and the fact that
in the ten year horizon considered the beta will tend to revert to 1.

4.8. Simulation parameters

In all cases we use 10,000 simulations with steps of one year and up to a
horizon of 10 years. At the horizon we assume that the terminal value of the firm
is a multiple of ten times earnings before interest, taxes, depreciation and amortization
(EBITDA).

® The computer program actually uses the more detailed employee stock options data.

9 Since the amount of debt outstanding was so minimal, it was subtracted from the cash and marketable
securities outstanding. We then assumed that eBay had no debt in its capital structure.

10 A more detailed analysis would probably use a broader market index for this calculation.
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eBay returns vs. S&P500 returns
Weekly data from September 25, 1998 to March 30, 2001

4.9. Simulation results

Using the parameters described above, the model stock price for eBay that we
obtain is $22.41, with model volatility and beta that closely match (by construction)
observed volatility and beta of the stock. The model (risk neutral) probability of
bankruptcy is very small (less than 0.1%).

On April 11, 2001 the market price of eBay at the close was $39.17. This is
75% above the model price!

Figure 7 shows the (risk neutral) frequency distribution of revenues at the end
of year 3 implied by the above parameters. As can be seen from the figure there is
substantial uncertainty about the revenues in the model even three years in the
future. (Note that with only 10,000 simulations the frequency distribution does not
appear as smooth as it really is.)

4.10. NPV results

By setting all the volatilities in the model equal to zero we can obtain the Net
Present Value of the cash flows using exactly the same data as in the previous
analysis.!! The only additional parameter we need is the risk-adjusted discount rate.
Taking into account that eBay is an all equity financed firm we use the same
parameters for the risk free rate, the risk premium on the market and the beta of

' We only need to run one simulation since all of them will be the same in this case.
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the stock to infer the required return on equity using the CAPM. The resulting
discount rate is 16% and the corresponding stock value is $11.11.

There is a difference of $11.30 ($22.41-$11.11) between the model price and
the NPV price using exactly the same data. The only parameters not used in the
NPV calculation are the volatilities and correlations. There are two sources for this
difference. both of which are introduced by including in the analysis the whole
distributions of the state variables. The first source of value is the abandonment
option that allows the firm to exit through bankruptcy if outcomes are very poor.
The second source of value can be explained by Jensen’s inequality, which shows
that the expected value of a non-linear convex function of several variables is greater
than the function of the expected values of those variables. This second source of
value has not been generally recognized in the real options literature. In our specific
example it is the dominant effect since the probability of bankruptcy is very small.

5. Sensitivity analysis

In this section we perform some sensitivity analysis on the more critical or
controversial parameters of the model.

5.1. Correlations

Consider the situation in which the firm is in a competitive environment such
that increases in profit margins (i.e. decreases in variable costs) are associated with
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decreases in growth rates in revenues. This implies a positive correlation between
variable costs and growth rates in revenues. We run the program with the same
data described above, but assuming a correlation of 0.5. The market price of risk
and the volatility of the growth rate had to be adjusted slightly to match the volatility
and the beta of the stock. The model price decreased only slightly to $21.89.
The effect of this correlation on prices increases, however, with the volatility of
variable costs.

5.2. Variable costs

As expected, long-term variable costs have a big effect on prices. If long-term
variable costs are increased from 0.71 to 0.74, the model stock price goes down to
$20.61 and if they are decreased to 0.68, the model stock price goes up to $24.51.
In both cases small adjustments are needed in the market price of risk to match the
beta of the stock. This result is not surprising: a 10% increase or decrease in the
profit margin has a similar effect on model stock prices.

5.3. Half-life of deviations

The speed of adjustment has an important impact on expected future revenues
and therefore on valuation since it determines how fast the growth rate ofrevenues
(and the other variables) will decrease. If we increase the half-life parameter from
2.8 to 3.0 years, the stock price increases to $24.20. If we decrease the parameter
to 2.6 years the stock price decreases to $20.65.

5.4. Horizon and terminal value

In the illustration we are exploring an increase in the horizon of the simulations
from 10 to 11 years has no effect on the model value of the share. It changes the
share price to $22.65 which is well within the standard error of the simulation. An
increase in the multiple of earnings used to determine the terminal value of the
stock, however, has a significant effect on the share value. An increase of this
multiple from 10 to 11, increases the share value to $23.84.

6. Conclusion

In this article we substantially extend the model developed in Schwartz and
Moon (2000) for pricing Internet companies. We introduce uncertainty in costs and
we take into account the tax effects of depreciation. We use the beta and the volatility
of the stock to infer two critical unobservable parameters of the model, the market
price of risk and the volatility of growth rates in revenues. We improve the bankruptcy
condition by allowing future financing by the firm. Finally, we facilitate the imple-
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mentation of the model by assuming the half-life of all processes is the same and
suggest that it can be estimated from evaluator’s expectations of future revenues.

An interesting and important issue that has not been explored in this article is
the use of the probabilities of bankruptcy obtained from the model to infer the credit
rating of the firm. Alternatively, the credit ratings of the firm could be used to better
estimate some of the unobservable parameters of the model, in a similar manner as
the beta and the volatility of the stock are used to infer the risk parameter in the
model and the volatility of the growth rate of revenues, respectively.

The discussion in this article has concentrated in the valuation of Internet
stocks. However, any high-growth stock can be analyzed using the techniques
developed here.

Like any other valuation method, our real options approach to valuing Internet
companies depends critically on the parameters used in the estimation. The next
step in the implementation of the model would be to use cross-sectional data of
many Internet companies to estimate some of the parameters. Finally, since the
growth rate of revenues is not observable ‘‘learning models’’ could be used to
update this critical factor in the model when new information on revenues is revealed.
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