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1 Introduction

The discounted cash �ow method (DCF) is a method of valuing a company based

on the time value of its future cash �ows. This is a famous technique employed very

frequently in investment banking. It is probably the best way to estimate a company

on the basis of its future path and not on the basis of its past behaviour or its

competitor's value. However, this method contains two major drawbacks.

Firstly, the result su�ers from a clear lack of accuracy. This is due to the inherent

uncertainty of the forecasts. For instance, the market growth, the rise of a competitor,

the economic conditions are macroeconomic or microeconomic factors that can hardly

be estimated precisely. We could argue that the enterprise value obtained contains

an margin error of ±15%.

Secondly, due to the high number of parameters involved, this method is time consu-

ming. The business plan needs to be drawn properly and prolonged until a de�ned

business horizon.

The main idea of this work is to suggest modestly a method requiring less parameters,

and therefore faster, without losing too much on the accuracy. In other words, we

want to reduce the second drawback without increasing the �rst one.

In that perspective, we determine the parameters weighing the most in the valuation,

and we put ourselves under a continuous time in order to take advantage of the

integration theory.

First of all, we set forth a graphical approach of the DCF method and we present it

as a result coming from a system of two equations.

After that, we select the main parameters and model the EBIT dynamic continuously.

Then, we �nd the properties and characteristics of our continuous DCF valuation

under some assumptions.

In the last part we present some examples and we estimate the accuracy of this

model, especially with the statistical test of Student.
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2 A graphical approach of the DCF Method

As explained in the introduction, the DCF method values a company with the NPV

of its future cash �ows. Following a basic intuition, we could think that focusing on

the cash �ows is more important than focusing on the discount rate. This is wrong :

equal attention should be paid to the free cash �ows and to the discount factor, as

we shall demonstrate.

The �rst equation that would come to the mind of someone describing the DCF is

probably the following one :

EV =
∞∑
t=1

FCFt
(1 +WACC)t

Where EV is the Enterprise Value and t the index of a future year. We assume that

the WACC is constant over time.

Then a de�nition of the WACC would come. The Weighted Average Cost Of Capital

is the rate at which a company is expected to �nance itself through equity and debt.

It is described by the following formula :

WACC =
keEqV + (1− τ)kdND

EV

Where EqV is the Equity Value, ND is the Net Debt, ke is the cost of equity, kd is
the cost of debt and τ is the tax rate. This equation computes the NPV of the future

free cash �ows.

Very often, the description of the DCF ends there, without pointing out the crucial

link between those two equations. If we use the fact that the Enterprise Value is the

sum of the Equity Value and the Net Debt, EV = EqV +ND we observe that the

second equation becomes :

WACC =
ke(EV −ND) + (1− τ)kd(ND)

EV

This leads to :

EV = ND
kd(1− τ)− ke
WACC − ke

This quick operation shows that the role of the second equation goes further than

only computing the WACC. We end up with a system of two equations with two

unknowns : the Enterprise Value and the WACC.
EV =

∑∞
t=1

FCFt
(1+WACC)t

EV = ND kd(1−τ)−ke
WACC−ke
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Graphically, this means that the Enterprise Value and the WACC are the result of

an intersection of 2 curves. For instance, in the example below we �nd an EV of 4730

and a WACC of 12.9% .

Unfortunately this system is too complicated to obtain an independent expression

for each unknown. To overcome this di�culty and to grab the solution, the analyst

will create a loop on its speadsheet. In other words, he creates an iterated sequence

to converge toward the intersection, an attractive �xed point.

Throughout the following pages, we aim at simplifying the computation of the sum

of the Free Cash Flows. The goal is to derive an equation clear enough to draw its

curve properly and promptly. Since the second equation does not change, we only

touch to half of the problem. This allows us to expect a good accuracy.
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3 A quick approximation of the discrete DCF valuation

In the previous section, we have seen that the pair (EV, WACC) is de�ned by the

following system : 
EV =

∑∞
t=1

FCFt
(1+WACC)t

EV = ND kd(1−τ)−ke
WACC−ke

Let's focus ourselves on the �rst equation and let's try to get a �rst approximation

of the ini�te sum.

The Free Cash Flows (FCF) are computed as follows :

FCF = EBIT +D&A− Taxes− CAPEX −∆WCR

We assume that :

1. The EBIT grows at a constant rate g.

2. The D& A and the CAPEX compensate each other. This may be true for any

company on the long run.

3. The change in working capital (∆WCR) is small enough to be included in our

margin of error.

4. The WACC is constant over time.

Let us de�ne EBIT0 as the initial EBIT.

That way we obtain the following dynamic for the free cash �ows :

FCFt = (1− τ)EBIT0(1 + g)t

and then it leads us to :

EV =

∞∑
t=1

FCFt
(1 +WACC)t

=

∞∑
t=1

(1− τ)EBIT0(1 + g)t

(1 +WACC)t

We compute the in�nite sum assuming that g < k and �nally derive the formula we

were looking for :

EV = (1− τ)
EBIT0(1 + g)

WACC − g
As expected, the enterprise value (EV) increases with the inital level of EBIT and

with the growth rate. On the other hand, the tax rate τ and the WACC k have a

negative impact.

The system giving the solution fo the pair (EV, WACC) then becomes :
EV = (1− τ) EBIT0

WACC−g

EV = ND kd(1−τ)−ke
WACC−ke
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This time, this system gives an independant solution for each unknown :
EV = (1− τ)( 1

X − 1)EBIT0g−ke

WACC = g−keX
1−X

Where X = (1−τ)EBIT0
ND(kd(1−τ)−ke)

It could be interesting to study the clear impact of each parameter on the Enterprise

Value and the WACC, with the computation of the sensibilities for instance. However,

this model is quite too simple to be use in practice since the shape of the EBIT
(an increase of g% each year) cannot always re�ect the EBIT dynamic of a random

company. That way we prefer to design a quite more complicated model with less

restrictive assumptions.
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4 The continuous approach

Let us now switch to a continuous approach of the DCF. All the di�erent variables

(Revenues, EBIT, D& A etc...) are not considered discrete anymore but continuous.

This will allow us to bene�t from the power of the integration theory. Since the time

is now continuous, discount factors are now exponential.

4.1 Modelling the EBIT curve

As we have seen in part 3, the EBIT takes a signi�cant part in the estimation of the

Free Cash Flows. This is partly due to the fact that the Capex and the D& A almost

compensate themselves on the long run in many cases.

Except in some very volatile business plans, the EBIT evolution can be well approxi-

mated by 4 parameters :

- its initial level EBIT0

- its initial growth rate g0

- its �nal growth rate g∞
- the period of transition between those two growth rates

That way, we shape the EBIT dynamic as follows :

EBITt = EBIT0(e−λteg0t + (1− e−λt)eg∞t)

Basically, we have an exponential transition from the initial growth g0 to the in�nite

growth g∞. This transition is de�ned by a half-life period T1/2 = log 2
λ . In other

words, after a period of T1/2 we know that half of the transition has been completed.

It means that our exponential coe�cient e−λt, which is equal to 1 when t = 0, is
equal to 1/2 when t = T1/2. The formula given previously comes from the equation
1
2 = e−λT1/2 .

More precisely, when t is low compared to the transition period T1/2, that is to say

when t is near zero, we have a growth rate of g0 :

EBITt ∼ EBIT0(eg0t)

On the other hand, when t is signi�cant compared to the transition period T1/2, that

is to say when t is high, we have a growth rate of g∞ :

EBITt ∼ EBIT0(eg∞t)

Between those two extreme cases, the growth rate is a weighted average of those two

growth rates g0 and g∞. The weight on the growth rate of g0 is : e−λt. It is equal to
1 when t is low and it is equal to zero when t is high. At the same time, the weight
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on the growth rate of g∞ is : 1 − e−λt. It is the exact contrary of the pevious one.

This weight is equal to 0 when t is low and equal to 1 when t is high. The sum of

those two weights is of course equal to 1.

As said before, λ is the exponential factor related to the period of the transition

between g0 and g∞. Since it is an exponential decay, the half life period of transition

is T1/2 = log 2
λ .

As usual, the transition is 94% achieved when T = 4T1/2. For this reason, the rela-

tionship between λ and the period of transition T is :

λ =
4 log 2

T

We have chosen an exponential decay since is a quite smooth transition where the

period of transition is easy to adjust. On top of that, this expression will be easy to

integrate in the future.

We could have chosen a dynamic on g itself, obtaining something not to far from :

EBITt = EBIT0(eg(t)t). However, this kind of formula would be very hard to inte-

grate, even for a linear dynamic of gt.

See below an example of an EBIT curve (given by EBIT0 = 100, g0 = 0.01, g∞ =
0.03, T = 10years)
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The shape of its instant growth rate is given below.

We can see that the transition between the g0 growth rate (1%) and the g∞ in�nite

growth rate (3%) is smooth.

We will see in the part 5 how the g0, g∞ and T parameters are computed.
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4.2 Main assumptions

We make the following assumptions :

1. The EBIT grows at a constant rate g0 at the begining and at a rate g∞ on the

long run.

2. The D& A and the CAPEX compensate each other. This may be true for any

company on the long run.

3. The change in working capital (∆WCR) is small enough to be included in our

margin of error.

4. The WACC is constant over time.

The FCF over time is given by :

FCFt = (1− τ)EBITt

In our continuous world, the formula giving the Enterprise Value is the following

one :

EV =

∫ ∞
0

e−ktFCFtdt

Where k is the continuous weighted average cost of capital (WACC) linked to the

traditional WACC by : k = log(1 +WACC).
By using the assumptions 2 and 3 we obtain the following formula for the Enterprise

Value :

EV =

∫ ∞
0

e−kt(1− τ)EBITtdt

We use the �rst assumption and the EBIT dynamic chosen previously to compute

the integral.

EV =

∫ ∞
0

e−kt(1− τ)

(
EBIT0(e−λteg0t + (1− e−λt)eg∞t)

)
dt

EV = (1− τ)EBIT0(
1

k − g∞
+

1

k + λ− g0
− 1

k + λ− g∞
)

We have obtained a simpler �rst equation of the system giving the pair (EV, WACC).

The system is now :
EV = (1− τ)EBIT0( 1

k−g∞ + 1
k+λ−g0 −

1
k+λ−g∞ )

EV = ND kd(1−τ)−ke
WACC−ke

We notice that if g0 = g∞ we obtain the formula derived in the part 3. Some adjust-

ments are made in the following example to take into account the change in Working

Capital Requirement (∆WCR).
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4.3 Change in working capital requirement

If the business Plan shows us that the Change in Working Capital Requirement

(∆WCR) is su�ciently di�erent from 0, we add a last term in our formula. This last

term corresponds to the sum of a change in Working Capital Requirement growing

at rate g∞. Taking the in�nite growth rate is relevant since the working capital is

often assumed to be proportional to the sales, and then governed on the long run by

the same growth rate than the sales, the EBITDA and the EBIT.

∞∑
∆WCRt =

∆WCR∞
k − g∞

Where ∆WCR∞ is a well chosen change of the WCR on the long run. This value is

almost constant at the end of the business horizon.

The �nal formula for the Enterprise Value becomes :

EV = (1− τ)EBIT0(
1

k − g∞
+

1

k + λ− g0
− 1

k + λ− g∞
)− ∆WCR∞

k − g∞

This is the formula we will use after to estimate the accuracy of this model. The �nal

system is then :


EV = (1− τ)EBIT0( 1

k−g∞ + 1
k+λ−g0 −

1
k+λ−g∞ )− ∆WCR∞

k−g∞

EV = ND kd(1−τ)−ke
WACC−ke

We keep in mind that k is the continuous WACC, and that k is related to the usual

WACC by the following relationship : k = log(1 +WACC).
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5 Calibration and use of the Model

5.1 Calibration

The parameter T re�ects the duration of the transition between the initial EBIT

growth g0 and the perpetual EBIT growth g∞. Since the EBIT has a signi�cant

weight in the valuation, �nding a good value for T is fundamental.

By de�nition T should have the same order of magnitude than the business plan.

The shorter is the transition, the lower is T.

To get the best value for T we calibrate the EBIT curve. First of all, we draw the

expected EBIT of the following years. This is given by the business plan and we

derive a curve like the one below :

After that, we take into account the initial growth g0 and the perpetual growth g∞,
provided by the business plan as well. We obtain in our example :

g0 = ln(
EBIT1

EBIT0
) ∼ EBIT1

EBIT0
− 1 = 8.5%

And g∞ is the perpetuity growth rate : g∞ = 1.8%.

The last thing to do is to choose T such that the model curve �t as well as possible

the expected EBIT curve. This could be done thanks to some mathematical methods

by solving the following optimization problem :

T = argmin
T∈R+

∫ ∞
t=0
‖ EBITrealt − EBITmodelt (g0, g∞, T ) ‖ dt
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However, we prefer to do it manually. We will see later that this precision is good

enough and that T can be taken as an integer value. To do this, we draw the EBIT

curve for di�erent T values and we pick up the one that does better match the real

EBIT curve from the business plan.

For instance, see below the model curve depending on di�erent values for T.

Finally, we notice that the best value for T is : T = 22. It gives us the black curve

below :
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Link with the business plan horizon

According to what we know about the exponential decay, T is not supposed to be

equal to the Business Plan horizon, let's say 10 years (we assume here that the

horizon corresponds to the transition period which is not always the case). However,

T1/2 is supposed to be approximatively equal to the the business plan horizon, since

it the time when half of the transition is achieved. We obtain the value of T with

the relationship : T = 4T1/2.

In our example, the transition is half completed after 5 years. It gives us T = 4T1/2 =
20. However this handmade method is far less accurate than the one with the cali-

bration.

Reminder

It is important to keep in mind that the transition is exponential and may drop quite

quickly at the beginning. In other words, the transition is not linear and goes faster

in the �rst years.

What is more, the discount factor increases as time goes by. For this reason, we

should pay a little bit more attention to the way the Model curve �ts the real one in

the �rst few years than the way it �ts it a decade after. On the other hand, it is also

important to match the level of EBIT at the end of the business horizon to obtain

an acceptable terminal value.
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5.2 Use of the model

Here we sum up how the model should be used.

1) Collect the data

First of all we need to gather all the required data. It includes the expected EBIT,

the tax rate, the change in working capital, the net debt, the cost of equity and the

cost of debt. The four �rst items should be in the business plan. The cost of equity

and the cost of debt can be computed or they should be included in a �nancial report

or in a borker note.

2) Compute the growth rates

Then we need to compute the growth rates g0 and g∞ with the following expressions :

g0 = log(
EBIT1

EBIT0
) ∼ EBIT1

EBIT0
− 1

g∞ = log(1 + gperpetualBP ) ∼ gperpetualBP

3) Calibration

As explained before, the value of T needs to be computed thanks to the manual

calibration of the EBIT curve. The T has to minimize the distance between the

expected curve (from the Business Plan) and the Model curve.

4) Solving the equations

Once we have found all the parameters thanks to the previous steps, we can solve

the system of two equations :
EV = (1− τ)EBIT0( 1

k−g∞ + 1
k+λ−g0 −

1
k+λ−g∞ )− ∆WCR∞

k−g∞

EV = ND kd(1−τ)−ke
WACC−ke

The unknows are the Enterprise Value (EV) and the WACC. Graphically it is the

intersection between two curves. Obtaining the right values can be done graphically

or easily with the Newton-Raphson method.

As usual, the Equity Value ot the company is obtained by subtracting the net debt

to the enterprise value (EqV = EV − ND). We notice that in absolute terms, the

error of this model on the Equity Value is the same than on the Enterprise Value.

This comes from the fact that we do not modify the net debt.
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6 Example : PUBLICIS

In this section we compare the results given by a usual DCF and the results given

by the continuous DCF for Publicis. We will focus on the accuracy of the Enterprise

value and on the accuracy of the WACC. However, it is important to take into

account that the second method requires less time and parameters.

6.1 Usual DCF

Method

To obtain this DCF, we extended the business plan to a certain business horizon

(2018) according to some assumptions. For instance :

1. The EBIT grows at a perpetuity rate after 2018.

2. The D& A and the CAPEX converge to be the opposite of each other in 2018.

3. The WCR is proportional to the sales.

After that, the cost of equity and the cost of debt are computed. An iterative loop

is made to converge toward the Enterprise Value and the WACC.

Thanks to this method we obtain :
EV = 5 877

WACC = 12.13%
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6.2 Continuous DCF

Collecting the data To perform the continuous DCF we have to collect certains

values :

1. The EBIT dynamic : 906, 966, 1026, 1065, 1108, 1151, 1195, 1216.

2. The Net Debt : 210

3. The in�nite change in WCR : ∆WCR∞ = 144

4. The cost of debt. Pre-tax : 3.18% Post-tax :2.13%

5. The cost of equity : 12.5%

Computing the growth rates

Then we compute the growth rates :

g0 ∼
EBIT1

EBIT0
=

966

906
− 1 = 6.6%

g∞ = 2.5% (Perpetuity growth rate)

Calibration

Here we carry out the calibration. The goal is to �t as well as possible the initial

EBIT curve given by the business plan :

17



g0 and g∞ have been computed above. We try di�erent values of T :

Finally, T = 26 is the best option, we obtain :
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Solving the equations

Now that we have all the parameters we can draw the two curves of the system.

The result we obtain is : 
EV = 5 575

WACC = 12.11%

6.3 Comparison

Like for Publicis, the results are good since the continuous DCF gives an Enterprise

Value only 4.1% lower than the usual DCF. It is also included in the ±15% error

that we could tolerate for a DCF.

What is more, the WACC given by the continuous DCF is 0.5% higher than the

discrete one. As we will see later, the relative error on the WACC is usualy very low.
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7 Example : ALTEN

In this section we compare the results given by a usual DCF and the results given

by the continuous DCF for Alten. In this case, we show that the model works for

a negative net debt and that the initial growth rate g0 can be calibrated as well to

perform better results. Like above, we will focus on the accuracy of the Enterprise

value and on the accuracy of the WACC.

7.1 Usual DCF

Method

To obtain this DCF, we extended the business plan to a certain business horizon

(2018) according to some assumptions. For instance :

1. The EBIT grows at a perpetuity rate after 2018.

2. The D& A and the CAPEX converge to be the opposite of each other in 2018.

3. The WCR is proportional to the sales.

After that, the cost of equity and the cost of debt are computed. An iterative loop

is made to converge toward the Enterprise Value and the WACC.

Thanks to this method we obtain :
EV = 813

WACC = 12.32%
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7.2 Continuous DCF

Collecting the data To perform the continuous DCF we have to collect certains

values :

1. The EBIT dynamic : 107, 110, 120, 126, 131, 135, 139, 142.

2. The Net Debt : -43.

3. The in�nite change in WCR : ∆WCR∞ = −5

4. The cost of debt. Pre-tax : 11.0% Post-tax :7.03%

5. The cost of equity : 12.1%

Computing the growth rates

Then we compute the growth rates :

g0 ∼
EBIT1

EBIT0
=

110

107
− 1 = 2.8%

g∞ = 2.0% (Perpetuity growth rate)

Calibration

Here we carry out the calibration. The goal is to �t as well as possible the initial

EBIT curve given by the business plan :
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We see that the initial growth rate should be higher to �t the EBIT curve. We try

di�erent values of T and di�erent values of g0 :

Finally, T = 26 and g0 = 5.4% seems a good compromise betwenn �tting the curve

at the beginning and at the end.
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Solving the equations

Now that we have all the parameters we can draw the two curves of the system.

The result we obtain is : 
EV = 779

WACC = 12.38%

7.3 Comparison

The results are pretty good since the continuous DCF gives an Enterprise Value only

5.1% higher than the usual DCF. It is included in the ±15% error we could tolerate

for a DCF.

What is more, the WACC given by the continuous DCF is 0.2% higher than the

discrete one. We are probably quite lucky to obtain such a good precision. However,

as we will see later, the relative error on the WACC is usualy less important than

on the Enterprise Value.
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8 Example : ARKEMA

In this section we compare the results given by a usual DCF and the results given by

the continuous DCF for Arkema. In this case, we show that the model works when

the part of the Net Debt in the Enterprise Value is quite signi�cant and when the

cost of debt is really lower than the cost of equity. Like above, we will focus on the

accuracy of the Enterprise value and on the accuracy of the WACC.

8.1 Usual DCF

Method

To obtain this DCF, we extended the business plan to a certain business horizon

(2018) according to some assumptions. For instance :

1. The EBIT grows at a perpetuity rate after 2018.

2. The D& A and the CAPEX converge to be the opposite of each other in 2018.

3. The WCR is proportional to the sales.

After that, the cost of equity and the cost of debt are computed. An iterative loop

is made to converge toward the Enterprise Value and the WACC.

Thanks to this method we obtain :
EV = 5 099

WACC = 11.16%
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8.2 Continuous DCF

Collecting the data To perform the continuous DCF we have to collect certains

values :

1. The EBIT dynamic : 576, 630, 688, 722, 757, 792, 829, 867.

2. The Net Debt : 658.

3. The in�nite change in WCR : ∆WCR∞ = 15

4. The cost of debt. Pre-tax : 3.18% Post-tax :2.10%

5. The cost of equity : 12.5%

6. The tax rate : 34.0%

Computing the growth rates

Then we compute the growth rates :

g0 ∼
EBIT1

EBIT0
=

629.5

576
− 1 = 6.2%

g∞ = 2.5% (Perpetuity growth rate)

Calibration

Here we carry out the calibration. The goal is to �t as well as possible the initial

EBIT curve given by the business plan :
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We try di�erent values of T :

Finally, T = 26 is the best option, we obtain :
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Solving the equations

Now that we have all the parameters we can draw the two curves of the system.

The result we obtain is : 
EV = 5134

WACC = 11.17%

8.3 Comparison

This time, the Enterprise Value and the WACC are both under the 1% level of error.

The Enterprise Value is 0.7% higher with the continuous DCF. The WACC is 0.1%
higher with the continuous DCF. We will see later that this may be correlated to

the fact that the part of the Net Debt is quite important in the Enterprise Value.

However, obtaining such a good result is probably a little bit due to luck.
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9 Testing the model validity

To evaluate the validity of the model, we have carried 10 continuous DCF and we

have compared them to the result given by a classical DCF. The companies have

been chosen randomly. They are of di�erent sizes and of di�erent indebtness levels.

The size of the company should not be a limit since it is only a scale parameter :

working in millions or in billions does not change the method. We will de�ne the

limits of this model in the last part.

9.1 Calibration

The calibration is the corner stone of the continuous DCF. It designs the EBIT which

is probably the most important term in the computation of the Free Cash Flows. See

below the calibration curves from 9 of the 10 models.

As we can see, in every case the model curve can almost match the initial EBIT curve.

After 5 years, the growth is quite constant. The convergence toward the perpetuity

growth rate tends to crush the volatility of the groth. However, in the �rst couple of
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years, the movements are more stochastic and harder to �t. It is especially the case

of M6, Sano� or Pages Jaunes. We manage those erractic growths by taking their

average.

9.2 Results of the 10 tests

The �rst table below contains the results of the two DCF methods for the Enterprise

Value and the WACC. The second table present the absolute and relative di�erences

of those results. The relative di�erence is computed as follows : Relative Di�EV =
EVcontinuous−EVusual

EVusual
. Same for the WACC.
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We have drawn below the graphic with the EV relative di�erence in abscissa and the

WACC relative di�erence in ordinate.

Here is a zoom on the results when we remove the two extreme points : Club Med

and Biomérieux.
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Analysis of the results

The �rst conclusion we may draw from those results is that the average of the reltive

difeerences are excellent. The average relative di�erence for the Enterprise Value is

−0.08%. On the other side, the average relative di�erence for the WACC is −0.02%.

We will later focus more deeply on the average relative di�erence with the Student

test and estimate a 95%-con�dence interval for the average relative di�erence.

Besides, the relative di�erence is acceptable for each company. For the Enterprise

Value, the extreme cases are Club Med (−9.3%) and Biomerieux (+15.4%). The case

of Biomerieux is quite special since in the usual DCF, the Capex and D& A do not

compensate each other on the long run. This is a debatable choice. Otherwise for the

other companies the Enterprise Values relative di�erences are under the 5% margin

of error. The WACC is always well computed.

We notice that the error on the Enterprise Value is relatively more signi�cant than

on the WACC. Finding an explanation for this statement is quite di�cult. This may

be due to the slope of each curve or this can also be due to the fact that we do not

modify the second equation of the system.

The results for the EV seem equally distributed on the positive and the negative

side. On the other hand, the results for the WACC seem to be more often positive.

However, sample used is quite small and in any case the relative di�erence for the

WACC is too small to really care about its sign.
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9.3 Student test

Theory

Each test gives a relative di�erence for the Enterprise Value and a relative di�erence

for the WACC. Let's assume that those results are two normal random variables.

This assumption seems reasonable : the relative di�erence can hardly be foreseen

and the companies have been chosen randomly. On top of that, if we peek to the

distribution obtained with the 10 tests, we guess a certain concentration around a

given mean and a certain variance.

Assuming that the two relative di�erences are normally distributed, the Student Test

allows us to obtain the distribution of the mean for each random variable.

We recall here the theorem of the Student Distribution.

Theorem : Let x1, ..., xn be the numbers observed in a sample from a normal distri-

bution x ∼ N(µ, σ2). The sample mean and sample variance are respectively :

x =
1

n

n∑
i=1

xi

S = 1
n−1

n∑
i=1

(xi − x)2

Then t = x−µ0√
S/n

follows a Student Law with n− 1 degrees of freedom.

We deduce that µ0 = x + t
√
S/n follows a Student Law with n − 1 degrees of

freedom, centered in x and dilated by a factor
√
S/n. This theoretical distribution

will be drawn below.

The α-con�dence interval for µ0 is given by :

[
x− tn−1

(1−α)/2

√
S

n
, x+ tn−1

(1−α)/2

√
S

n

]

Where tkγ is the γ-quantile of the Student Law with k degrees of freedom.
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95% con�dence interval for the mean

According to the previous theorem, we can draw the distribution probability of the

mean of the relative di�erence µ0 = x + t
√
S/n (n = 10, x is the empirical mean,

and t is a 9-Student Law). We do it for the average of the relative di�erence of the

Enterprise Value and we do it for the average of the relative di�erence of the WACC.

The distributions presented below are two Student Laws with n − 1 = 9 degrees

of freedom calibrated with the results of the 10 tests. As the reader may know, a

Student Law has two parameters : the mean and the number of degrees of freedom.

Unlike the normal law, there is no speci�c parameter for the variance. It explains

why those two distributions have the same shape even if they are at two di�erent

scales.

We compute below the 95% con�dence interval of the mean of the relative di�erence

for the Enterprise Value and for the WACC. The 95% bilateral quantile of the Student

Law is equal to 2.26.

For the Enterprise Value we see that the continuous DCF model has a 95% proba-

bility of having an average error between −5.0% and 4.84%. On the other hand, the

continuous DCF model has a 95% probability of having an average error between

−0.61% and 0.57%. This excellent intervals con�rm what we expected at the sight

of the results. This model does not insert a signi�cant bias in the computation of the

Enterprise Value nor in the computation of the WACC.

Of course we balance our opinion and we recall that we are under the assumption that

the relative error is normally distributed. We recall as well that this result does not

mean that each test will be between −5% and 4.84% for the Enterprise Value with

a 95% probability. It means that the average of this error, on one millions tests for

instance, has a 95% probability to be in this interval. On the whole, we expected to

get a good accuracy but we did not expect so good results. The next part is devoted

to �nding the limits and the framework within which this model can be used.
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The Aspin-Welch test

The aim of this section which provides the same results than above is to present the

conclusion in a way easy to understand for people used to the statistical analysis.

We recall that we have two random variables : the relative di�erence of the Enterprise

Value and the relative di�erence of the WACC. It would be useless to test the absolute

values of the two DCFs since each company leads to its proper valuation. That way

we compare these two relative di�erences to a random variable equal to zero (that is

to say a Dirac Variable centered in Zero).

Our goal is to estimate whether or not the continuous DCF introduce a bias in the

computation of the Enterprise Value of in the computation of the WACC. To that

end, we use the Aspin-Welch test, it is a test of equality for two means when the

variances are di�erent. We can say that the variances are di�erence since the Variable

1 is a Dirac and the Variable 2 is not. Due to the fact that the variance of a Dirac

is zero (Sy = 0), we can say that t follows a Student Law with nx− 1 = 9 degrees of

freedom :

t =
x− µ0√
Sx
nx

+
Sy

ny

=
x− µ0√
Sx/nx

Degrees of Freedom = E
( (Sx

nx
+

Sy

ny
)2

(Sx
nx

)2/(nx − 1) + (
Sy

ny
)2/(ny − 1)

)
= nx − 1

Here are the results obtained for the two tests :

Since 0.04 < 2.26 and 0.07 < 2.26 we can say that on the 10 tests basis and with

a 95% probability there is no bias for the Enterprise Value and the WACC, i.e. the

means are equal to zero.

34



10 Limits of the continuous DCF

10.1 Regressions - source of error

Distance WACC - Cost of Equity (ke)

The system which de�nes the Enterprise Value and the WACC is the following :


EV = (1− τ)EBIT0( 1

k−g∞ + 1
k+λ−g0 −

1
k+λ−g∞ )− ∆WCR∞

k−g∞

EV = ND kd(1−τ)−ke
WACC−ke

The second equation explodes when the WACC tends to the Cost of Equity ke. This
should imply that the error is more signi�cant when the WACC is relatively close

to the Cost of Equity. To check this intuition, with have drawn the regression of the

Relative Di�erence as a function of the relative distance between the WACC and the

Cost of Equity. We did such a computation for the Enteprise Value and the WACC

as well.

For the Enterprise Value it seems quite clear that the relative distance between the

WACC and the Cost of Equity has an impact on the accuracy of our model. The

more this relative distance is important, the more accurate is the result. When this

distance is around 30% or 40% the absolute error seems to be under the 3%, which

is very good. Of course, we balance this conclusion by the small size of the sample.

35



On the other hand, this conclusion does not seem valid for the WACC. The relative

error on the WACC does not really depend on the relative distance between the

WACC and the Cost of Equity. This analysis is less important than the previous one

since the relative error is very small.

To explain mathematically this result, we can say that the slope of the curve given

by the second equation is high when the WACC is close to the cost of equity. An

error on a quite vertical curve has an impact on the ordinate and not on the abscissa.

That is why the relative di�erence on the Enterprise Value is more sensible to this

situation than the WACC.

Indebtedness

Having a WACC relatively close to the Cost of Equity means that the Net Debt

is low in absolute value. We have drawn below the regression showing the relative

di�erence as a function of the indebtedness (i.e. Net Debt
Enterprise Value

).

The results of those two regressions are quite the same than for the relative distance

WACC - Cost of Equity. Our model provides better results when the indebtedness

is not insigni�cant.
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10.2 Limits of the assumptions

1. The EBIT grows at a constant rate g0 at the begining and at a rate g1

on the long run

This assumption is the corner stone of our model. The 10 examples taken randomly

seems to validate the idea that the EBIT dynamic can be approximated by 3 parame-

ters : the initial growth rate, the perpetuity growth rate, and the period of transition

between the two. The EBIT is more volatile at the beginning but after the erratic

movements are crushed by the convergence toward the perpetuity growth rate. This

statement has to be tested for smaller companies like startups which encounter a

more hazardous EBIT evolution.

2. The D& A and the CAPEX compensate each other

This assumption helps us to simplify the �rst equation of the system. This statement

is often valid around the business horizon and the D& A and the CAPEX compensate

each other in the terminal value. However, the di�erence could be quite signi�cant

in some extreme cases. A user should keep in mind this assumption.

3. The Change in WCR grows at the rate g∞

The change in WCR is not really signi�cant compared to the other numbers, espe-

cially the EBIT or the taxes. However, to obtain a better precision, we can model it

with a constant growth rate. This assumption seems to be precise enough to end up

with good �nal results.

4. The WACC is constant over time

This assumption is widely used, even for the usual DCF method. Of course, a com-

pany is not supposed to �nance itself at the same rate during all its future life.

Regarding the Cost of Equity, the market risk premium and the risk free rate can

change as time goes by. The Cost of Debt is also a function of the indebtedness of

the company, a number obviously not constant. However, this approximation is quite

always used and the WACC can ben interpreted as an average over time. In some

very rare cases, for a startup for instance, it can be useful to use a WACC depending

on the time.
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11 Conclusion

On the whole, we can draw modestly two conclusions from this work.

Firstly, to compute a DCF wisely it seems vital to understand the precise role of the

FCF and the WACC. More precisely, the WACC equation has a severe impact on

the result. Basically, computing the WACC must be made with the same seriousness

than for computing the Free Cash Flows.

Secondly, under some realistic assumptions, it is possible to obtain good results for

the Enterprise Value and the WACC more quickly than usual. The continuous DCF

methods uses less parameters than the usual DCF method without losing too much

precision. What is more, rather than relying a quite obscure loop, this model works

in a way by which the user really understands the role played by each equation. In

fact, the solution is the intersection of two curves de�ned by the system governing

the DCF.

However, we must acknowledge that writing all the parameters for a usual DCF

seems more reassuring for the analyst and that more tests have to be made in order

to really validate the accuracy of the continuous DCF method.
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12 Appendix

Find in the following pages the details of the 10 (usual and continuous) DCF com-

puted for the test of validity. The companies are :

1. Lafarge

2. Alten

3. Publicis

4. Arkema

5. M6

6. Pages Jaunes

7. Carrefour

8. Club Med

9. Sano�

10. Biomérieux
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