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Abstract 
 
A new framework based on real options is presented and analyzed in this article. 
European option concept and additive binomial lattices have been applied. It has 
been shown that real options analysis can and should be taken into account in 
the complex telecommunication projects. Real option pricing should be a 
complement to existing capital-budgeting systems and not a substitute of them. 
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1. Introduction 
Wireless services and applications are becoming more and more pervasive in 
the business and everyday life. The majority of Western European counties have 
already assigned almost 70 licenses for UMTS (Universal Mobile 
Telecommunication System) spectrum through auctions or comparative 
hearings, and a growing number of countries worldwide are starting to assign 
their 3G licenses. Now, more than ever, fixed and mobile operators are making 
critical decisions, which will shape their business over the next ten years. The 
main challenge is to maximize investment efficiency to provide wireless next-
generation and mobile data services in all geographical areas. The financial 

evaluation of complex problems like investment in the mobile sector has been 
only slightly investigated in the past. [1],[2],[3]  
 
This paper discusses new trends and tools to evaluate network investment 
projects in the current wireless market in Europe. The economics and risks 
associated with an incumbent’s UMTS rollout in a large European country by 
taking into account the flexibility in timing of the investment decision have 
been examined. This paper will try to answer a critical question: “Is the real 
option approach eligible for the evaluation of complex mobile investment 
projects, and what should be the value in holding an advanced technology 
option and the advantage over the rivals?” The analysis of 3G mobile 
technology rollout alternatives using real options methodology will focus on the 
timing steps and the optimal balance between UMTS and EDGE deployment 
for 3G services in different geographical areas..  
 
In this paper, a real option valuation of 3G rollout projects have been applied 
and presented. Section 2 describes the basics of the Real Options methodology. 
Section 3 presents the current case study. In Section 4 we present the real 
options framework applied for the project evaluations. The analysis results and 
comparisons of different methods are given in section 5. Finally the general 
findings and conclusions are given in section 6. 

2. Background 
In order to valuate returns on specific assets, especially big investments (like 
building a new physical network), the traditional DCF technique has been used 
for years by industries. But, as uncertainty is growing larger and larger and time 
to market is running down, the drawbacks of this technique are more and more 
important. Indeed, this technique doesn’t take into account the flexibility that is 
inherent to management. As a result, firms sometimes invest in projects which 
have a negative NPV because they think they are “strategic”. 
 
This qualification of “strategic” is something rather intuitive and firms would 
probably like to have a proper financial tool to valuate their projects more 
rationally. Real options offer a rather interesting alternative to DCF and more 
and more firms are using it. This technique has appeared in 1977 with Myers 
[4]. It uses the framework of financial option theory and is associated with 
different specific valuing methods, which have been developed during more 
than 20 years. We will present the main valuing methodologies in this part. We 
will also relate some experiences we had with real options in 
telecommunications, as they are not always easy to implement. 
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a. Financial option theory 
We will start by giving the main definitions and background of financial option 
theory. Financial options belong to a category called derivatives. A derivative, 
also known as a contingent claim, is a financial instrument whose value depends 
on the values of other, more basic variables. A common example is a stock 
option whose value is contingent on the price of a stock. Derivatives such as 
options, forward contracts, futures and swaps are traded on many exchanges. 
We will in the following focus on the options only. 
 
One of the parties in an option contract assumes a long position and agrees to 
buy the underlying asset on a specified (or sometimes on any date no later than 
the specified date) for a certain specified price. The other party assumes a short 
position and agrees to sell the asset on the same date (or sometimes on any date 
no later than the specified date). An option gives the owner the right but not the 
obligation to buy or sell the asset at the predetermined price (called the strike 
price or exercise price) for predetermined period (called the life of the option). 
The right to take an action is flexibility. The necessity of taking an action is 
inflexibility. A call option gives the owner the right to buy, whereas a put option 
gives the owner the right to sell. If the owner can exercise the option only on the 
expiry date, the option is a European option and if the owner can exercise at any 
time up to the expiry date, the option is an American option. 
 
In the following we will illustrate the payoff of a European option for the four 
different positions, which are possible: 
1. A long position in call option 
2. A long position in a put option 
3. A short position in call option 
4. A short position in put option 
 
In all cases we set the Exercise price to 100 EURO, and the cost of the initial 
option to 10 EURO. In the first case, the option will only be exercised if the 
value of the underlying asset is exceeding the strike price. In the second case, 
there will only be a positive payoff if the value of the underlying asset is less 
than the strike price at the expiry date. If the value is let’s say the 80, the owner 
can buy the asset for 80 EURO and sell for 100 EURO, therefore making a total 
payoff of 100-80-10 = 10 EURO.The four different positions are shown in 
Figure 1. 
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Figure 1 Option positions and payoffs 

b. Real options versus financial options 
The idea underlying real options is the same as financial options: at one specific 
date, we have the choice to make an investment (for example build a network) 
or not. And this choice can be preconditioned by some previous work or smaller 
investment. More formally, real Options is defined as the right but not the 
obligation to acquire the present value of the expected cash flows by making an 
investment when the opportunity is available. 
It is important at stage to discuss the major differences between financial 
options and real options used in investment decision-making.  
Financial options e.g. calls, puts, strangers etc. are traded in financial markets 
worldwide and have been around for about three decades. Real options 
however, have not been widely used in business case valuation until relatively 
recently. It has been used mostly in the oil & gas industry but to the authors’ 
knowledge relative scarcely in the telecommunications arena. The mindset and 
modelling framework from the financial world is adopted in the valuation of 
real options e.g. real assets such as research projects. However, there are a 
number of important differences between financial and real options. 
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Financial options are tradable securities. Everyone has in principle the 
possibility to buy e.g. call options on a given stock of shares. In addition, 
historical data are widely available and the exercise price is known at the 
beginning of the contract. However, some real assets may only be available to 
certain players and they often have to be generated or cultivated actively and no 
data is available from the beginning. Further, real options are generally not 
tradable. 
 
Another issue is the lifetime of options. In the financial world, options of 
various types often have a lifetime in the order of months and their values are 
often “moderate”. Contrary, real options may have long lifetimes in the order of 
years and their values may be worth several billion euros. 
In financial contracts, the maturity date as well as the exercise price is known 
beforehand e.g. a call option to buy a number of shares at a given price within 3 
months. In the real options world there is no such thing as a fixed maturity date. 
The time-window of an option may depend on pace of standardisation, 
regulatory environment, competitive landscape etc. 
 
A central parameter in option valuation is the volatility, the measure of 
uncertainty. In the financial world, this parameter can be estimated from 
historical data. For real assets, however, estimating the volatility of project 
value is much more difficult. Most often exhaustive analysis by the help of e.g. 
Monte Carlo simulation is required. For financial options, the volatility can be 
seen as a constant due to their relatively short lives, whereas this assumption 
may turn out to be over simplistic for many real world projects. Changes in 
volatility over time can be modelled by using the binomial lattice model 
described earlier. Closed formulas will often be too complicated or even 
impossible to construct in such cases. 
 
Last but definitely not least: in the world of finance, an individual who has 
invested in options can only passively wait and see what happens up to the 
expiry date. She or he cannot in any way impact the value of the option. 
However, in the world of real project assets, active management is a 
fundamental requirement for having options at all. Effort in innovation and 
research for example is an essential ingredient in “cultivating” investment 
projects and benefit from uncertainty. 

c. Methods for calculation 

i. Decision trees 
If we define the real options technique as an ability to take into account the 
different future management choices, we could valuate the return of the asset as 
the weighted return of the different scenarios corresponding to all the possible 
sets of choices. We can associate for each possible scenario a return value 
thanks to DCF analysis and a probability of realization (its weight). Then, the 
total return value of the project is the weighted return value of all the possible 
scenarios. 
 
To be more pragmatic, we could model the different sets of choices thanks to a 
decision tree. Indeed, in the case of European options, at each decision date, we 
have two “branches” : exercise or not the option linked to this date. Building the 
resulting binomial tree and valuing each leaf of this tree brings us a mean of 
valuing the different options. This technique is often described in the literature 
as the binomial lattice technique. Below you will find an example of binomial 
lattice.  
 
Let us start with a one-step binomial tree. That is to say that we study a case 
with a single decision point. If we go up, we win 100 and if we go down, we 
win 0. The two futures have the same probability. Then, the value of the 
underlying asset (including the choice between going up or down) is 0.5 * 0 + 
0.5 * 100 = 50. 
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Figure 2 One-step binomial tree 

 
To be more accurate, we should transform a bit this valuation according to net 
present value principles and say the present value of the asset is 50*rTe−  
where r is the actualisation rate. 
 
We can compare this binomial tree with a two-step one in financial world. We 
consider a two-year European put with a strike of 52 on a stock whose current 
price is 50. In each one-year period, the stock price goes either up or down by 
an amount of 20%. The risk-free rate is assumed to be 5%. The probabilities of 
the different branches are given by the risk-neutral rule. At each node the upper 
number is the stock price and the lower number is the option price. 
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Figure 3 Two-step binomial lattice model of European option 

 
This model can be extended to multiple branches decision trees and branches 
can even be generated for the sake of precision of the valuation [5]. 
 
If we want to add a complexity level to the decision tree model, we can generate 
scenarios (branches) automatically without defining decision nodes. This could 
be done via Monte Carlo simulation, which has been widely used for risk 
valuation. Indeed, with this technique, one-model important variables of the 
return formula through probability distributions and a software (for example 
Crystal Ball [6]) generate numerous scenarios by sampling these important 
variables. In this way, we can model external “decision nodes” like the 
willingness of customers to buy our product or new offers from competitors.  
 
A combination of decision trees and Monte Carlo simulation is probably the 
best way of dealing with options as some variables have very few possible 
values and defines different return formulas whereas others are rather 
continuous and don’t change the formula of return but only the valuation. The 
idea is to build a decision tree with the main management choices linked to the 
options we want to valuate and to model uncertainty thanks to probability 
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distributions for each leaf of this tree. This is what we propose to do in this 
paper. 

ii. Algebraic formulas 
Some authors propose an alternative to the very flexible but time consuming (in 
modelling and calculation) decision trees derived techniques. Indeed, some 
algebraic closed formulas exist to valuate options under specific constraints. 
 
The most famous option formula is probably the Black and Scholes formula. It 
has been created as a valuation model for stock warrants but it is sometimes 
applied on real options cases. It is made only for European options. There are 
six hypothesis underlying this formula: 

- the stock pays no dividends during the option’s life 
- markets are efficient (the price of the stock is a geometric Brownian 

motion with constant drift and volatility) 
- no commissions are charged 
- interest rates remain constant and known 
- returns are lognormally distributed 
- there is no arbitrage opportunities for an investor 

 
We can note that the transparency of the market and the shape of the probability 
distribution of returns are particularly unsure in the case of real options.  
 
The Black and Scholes formula gives the price of a call option on a stock 
currently trading at price S, where the option is the right to buy a share at price 
K at T years in the future given the interest rate r and the volatility σ of the 
stock: 
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where N is the cumulative normal distribution function. For more details and 
the demonstration of this formula, see [7]. 
 
Lots of formulas have been derived from the Black and Scholes model 
specifically for the different types of real options [8]: option to report [9], option 
to exchange, option to grow. Each one of these different derived formulas relax 
some hypothesis of the Black and Scholes model but they use the same five 
variables to valuate the option. Furthermore, the no arbitrage rule, the 
transparency of the market and the shape of the probability of the returns are 

constant hypothesis. In addition, to apply these formulas on real options cases, 
one needs to calculate the volatility parameter (the standard deviation of the net 
present value of the underlying project), which is quite difficult in general. 

iii. European versus American options 
Many invesment decision problems belong to the category of American options 
which means that the option can be executed earlier than the expiry date and not 
only on the expiry date. However, American options are more difficult to 
valuate with the decision tree technique than European options as the number of 
branches grows exponentially with time faster with American options (we keep 
traces of older options at each future date). As a result, very few articles take 
American options into account.  
 
Comparing with result for the European put with the same values of the 
underlying parameters, we can see an additional value of flexibility when it is 
possible to exercise the option on not just the expiry date. That is why it would 
be better to take American options into account. 
 
As it is noted later in this article, in many real projects the exercise of the option 
(i.e. making the investment) affects the cash flows and thus the value of the 
underlying. This is not the case with financial options, but makes the usage of 
the American options problematic for e.g. telecom projects. 
 
In the binomial lattice models we use discrete time models with certain 
granularity e.g. 3 months and 1 year. If more periods are used, the time interval 
will get smaller and the option price will converge in the limit. The more 
periods used, the higher is the precision but at the price of longer calculation 
time. Closed formulas are a possible economical solution for valuing continuous 
time European and American options. But they depend on hypothesis which 
cannot be verified in most of real cases. 

d. Experiences in telecommunications 
The favourite grounds of application for real options are traditionally the 
petroleum or the pharmaceutics industries. Indeed, these industries are linked to 
rather transparent and volatile markets (oil and medicines) with very important 
investments before selling any barrel or any pill. 
But, since the year 2000, a few experiences of real options use in 
telecommunications investment projects have been published 
[10],[11],[12],[13]. 
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It is quite obvious that telecommunication markets are more and more volatile 
since technology renewal rate is growing faster and faster and distant 
communication is becoming central in our work and private lives. In addition, 
the monopoles of state firms in telecommunications have been replaced by free 
competition in most countries. Furthermore, big investments are often needed 
before sending a single packet on a network. As a result, the real options tool 
seems very interesting for Telecommunications Company.  
 
Nevertheless, the transparency of prices and the efficiency of the market we can 
find for oil or medicines are not valid for service offers in telecommunications 
except for some very specific products (like big bandwidth transcontinental 
links renting contracts). That is why we often have to rely on  a customised 
decision tree and Monte Carlo simulations rather than closed formulas in 
telecommunication investments analysis. 
 
Another specificity of telecommunication investments is that costs models are 
non linear since network scale effects are very important. It must be taken into 
account regarding the application of real options on top of DCF to prevent real 
options from being an artificial improvement of the NPV of a project. As a 
consequence, decision trees have often lots of branches in telecommunication 
investment projects and it makes them harder to implement and valuate. 

3. Description of the case study 
This study investigates the value of the Network Operator’s option to deploy 
UMTS network as an overlay to the GSM/GPRS network with EDGE upgrade. 
The value of this option calculated without flexibility using the traditional 
depreciated cash flow (DCF) method is simply the value of the project utilizing 
UMTS overlay minus the value of the project without UMTS network, as 
calculated in the beginning of the project with the parameter assumptions at that 
moment.  
 
The project utilizing UMTS overlay and the project deploying EDGE without 
UMTS network are modelled in the EUREKA Celtic project ECOSYS. The 
models cover fully the cost structure of the operator as well as the demand, 
pricing and revenue issues. In the ECOSYS project the DCF method is applied 
and the projects are calculated for a countrywide deployment. The discount rate 
used in the cash flow analysis for the projects is 10%. The modelled country 
demographics relate to a big European country with population of 65 million 
inhabitants. The operator modelled is an incumbent operator having already a 
countrywide GSM/GPRS network and a 30% market share. The country is 

divided in four country types (dense, urban, suburban and rural), according to 
the population density. The area types are described in Table 1 below. 

Table 1. Area types 

Area size 370,000 Size of surface area of the country (km2) 
Area dense 185 Size of dense urban area (km2) .  
Area urban 2,960 Size of urban area (km2) 
Area suburban 37,000 Size of suburban area (km2. 
Area rural 303,400 Size of rural area ( km2). 

Population dense 50,000 
Number of inhabitants in dense urban area per  
km2  

Population urban 4,000 Number of inhabitants in urban area per km2  
Population 
suburban 1,000 Number of inhabitants in suburban area per km2 

Population rural 40 
Number of inhabitants in rural area per square km
(during busy hour)  

Total Population 65,000,000 Total population 
 
In this study, the models for providing next generation mobile services utilizing 
UMTS or plain EDGE are divided to individual models for each area type, so 
that we have eight models in total. We investigate the variation in traffic 
generated by the users. Introducing this variation to the models and using Monte 
Carlo simulation generates a distribution of possible results (net present value) 
for the projects. From these distributions, we can calculate the “volatility” of the 
projects, and apply real option analysis (ROA) method for each area for more 
accurate results than plain DCF analysis. 
 
In ROA method, the flexibility to make the later decisions on the deployment, 
utilizing the information about the parameters available at that point of time is 
taken into account. In this case study the network rollout is performed in four 
steps: first the dense urban areas are built in one year (2004); after that the 
urban areas are deployed in the next year (2005); followed by the suburban 
areas started one year later (2006), but taking three years to complete; the rural 
area rollout starts after that (2007), and takes four years to complete.  The study 
period ends in the year 2011, after which the rest value of the network is taken 
into account. The decision if to deploy the UMTS in the ROA analysis is made 
accordingly in each year for respective area type taking into account the 
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variation in demand that has generated different possible states of the world at 
these points of time. 

4. ROA approach description 
We propose to valuate the case using the binomial lattice method. For each 
option (dense, urban, suburban, rural), the total NPV for UMTS and plain 
EDGE is evaluated each year, and can go down or up depending on the market 
demand. This evolution of the NPVs gives us a binomial lattice for each option. 
Options can be handled separately, as the decision on UMTS deployment in one 
area can be done independently from the decision for another area, due to the 
seamless handovers supposed between the technologies. It is though probable 
that UMTS is deployed in every state of the world most likely in the most dense 
areas.   
 
Traditionally the real option price is modelled as the investment needed in order 
to get the extra money from the project. In this case however, we cannot, or it 
would be very difficult to model the investments explicitly. Firstly, the 
investments to UMTS option are partly demand dependent, and demand is 
varied according to the state of the world (the traffic parameter). This could 
anyhow be coped by expressing the exercise price as the UMTS coverage 
rollout cost, which is not demand dependent. In this study however, the UMTS 
rollout has an effect on the EDGE deployment, as part of the traffic migrates 
from EDGE to UTMS providing the capacity more efficiently. So the only way 
is to model the option as a choice, in particular state of the world, between the 
UMTS deployment in addition to EDGE or plain EDGE deployment. This 
option is valued as the expected NPV of the UMTS deployment minus the 
expected NPV of the plain EDGE deployment.  
 
As we do not have the option strike price (investment) modelled explicitly we 
run into trouble, if trying to use the most widely used multiplicative (geometric) 
lattice., as it can never go negative. We need to use the additive process for the 
option value, which might go negative, when the lowest demand instances 
realise. 
 
The valuation is calculated in the ROA tree backwards to find out the ROA 
value of the option to deploy UMTS for each area type. Flexibility is 
implemented as the decision is made in the option exercise year if to deploy 
UMTS or not. The option to deploy UMTS is a European call option, as the 
exercise is in a definite year. If the UMTS deployment leads to negative 
outcome the option gives the possibility to abandon the deployment.  

 
In our implementation, the ROA tree utilizes the risk neutral probabilities and 
risk free discount rate in the calculation of the option value. That is to say that 
we compute the probability p for going up in the tree each year utilizing the risk 
neutral rule, and we deduce backwards the value of each option as the weighted 
value of the option values corresponding to the consequent two scenarios 
(leaves). Annual risk free discount rate 3% is used in the backward calculation. 
 
As already noted, in this case study, the lattice is not geometric (multiplicative) 
as in most applications of ROA thus far, but arithmetic (additive) binomial 
lattice. This method is introduced in [14], but no application is deployed or any 
formula for the risk neutral probabilities deduced. The deduction of the risk 
neutral probabilities is presented in the . In an additive binomial lattice, the risk 
neutral probabilities cannot be constant over the lattice, but are dependent on 
the value of the option in the particular node, as described in the Appendix 1. 
 
We denote by C the initial option value, i.e. the difference between the NPV for 
UMTS and the NPV for plain EDGE, and by u0 the amount that we can go up or 
down by each year, By denoting with p1, p2, .. the risk neutral probabilities of 
the up movements, we can present the binomial lattice for the option with two 
steps as in the Figure 4: 
 

 

C+2u0

p2
C+u0 

p1
1- C 

C
p3

C-u0 1-

1- C-2u0

Figure 5 Binomial lattice for the option with two steps  

The figures on the nodes represent the evolution of the difference between 
UMTS and plain EDGE NPVs, but as we are discussing on option values, we 
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exercise the option only when the value is positive. In negative case we do not 
exercise the option to deploy UMTS and thus the value is 0.  
 
As we have explained the calculation of the risk neutral probabilities in the 
Appendix 1, we will now focus on the calculation of the volatility for each 
option. The volatility (standard deviation) of the option, and thus the steps up 
and down in the lattice, are calculated from the volatilities of the UMTS and 
plain EDGE projects. If the initial value of the UMTS project is VU, the plain 
EDGE VE and the option C, the up movement of the option, uO, is calculated 
from the up movements of the UMTS and plain EDGE projects, uU and uE as: 
 
(VU + uU) – (VE + uE) = C + uO = (VU - VE) + uO 
 
=> uO = uU – uE 
 
Similarly is calculated the down movement of the option, which is dU – dE = -uU 
– (-uE) = - uO. 
 
As the NPVs of UMTS and plain EDGE projects upon which the option value is 
based, are calculated for a definite deployment schedule imposing certain time 
dependent costs and revenues, the option is not the same for the years before or 
after the determined exercise year. As the option’s “strike price” (though in this 
treatment implicit) is time dependent, the use of American options is not 
possible. American options also presume that the exercise moment of the option 
does not affect the value of the underlying, which does no hold here. 
 
To produce the value for the project volatility we investigate the variation in 
traffic generated by the users. For this we introduce a multiplier to describe the 
probability of annual change in the expected level of traffic generated by the 
users over the whole study period. This parameter is called 
ServiceUsageMultiplier and suggested probability distribution based on expert 
judgement is described below in the context or the Monte Carlo simulation 
used. 
 
Eight modelled cases are analyzed with Monte Carlo simulation to find out the 
NPV distribution as the ServiceUsageMultiplier parameter varies: 
 

1) UMTS plus EDGE deployment in DENSE area 
2) Plain EDGE deployment in DENSE area 
3) UMTS plus EDGE deployment in URBAN area 

4) Plain EDGE deployment in URBAN area 
5) UMTS plus EDGE deployment in SUBURBAN area 
6) Plain EDGE deployment in SUBURBAN area 
7) UMTS plus EDGE deployment in RURAL area 
8) Plain EDGE deployment in RURAL area 

 
Monte Carlo simulation (number of trials 1000, with random seed) is done with 
Crystal Ball program, with the following parameters: 
 
Parameter variance assumption: ServiceUsageMultiplier (multiplies the traffic 
amount) 
Minimum Extreme (Gumbel) distribution used with parameters: 
Likeliest value:  1.00 
Scale:  0.20 
 

 
Figure 6: Distribution of the ServiceUsageMultiplier 

In the next table all the calculated NPVs distributions are illustrated.   

Table 2 Main Results, All cases( all values in M€) 
  Dense

(UMTS) 
Dense 
(EDGE) 

Urban 
(UMTS) 

Urban 
(EDGE) 

Suburban 
(UMTS) 

Suburban 
(EDGE) 

Rural 
(UMTS) 

Rural 
(EDGE) 

Base 
Case 

1 392 978 1 642 1 173 4 823 3 400 588 689 
 

Mean 1 313 942 1 434 1 117 4 569 3 301 563 652 
Std         204 141 401 196 896 625 409 352
Figure  Figure

12 
Figure 
13 

Figure 
14 

Figure 
15 

Figure 
16 

Figure 
17 

Figure 
18 

Figure 
19 

 
All the distributions of NPV used into this model are illustrated in Appendix 2.  
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5. Analysis results and comparison of different methods 
We will now present the results of our valuation of the four options dense – 
urban – suburban - rural and the comparison with another method of valuation 
and with the traditional DCF technique. The binomial lattices contain two 
figures for each node: the above one represents the evolution of the additional 
value of the UMTS deployment (the difference between the NPV of UMTS and 
the NPV of plain EDGE) and the below one represents the evolution of the 
value of the option (always positive) 
All the cases have the same Annual risk-free rate (3%). 

Table 3 Input Parameters and Calculated results for all Areas (M€) 

     Dense Urban Suburban Rural
Input parameters 
Value of the option 
in the year 0 (with 
no flexibility) – C 

372 317 1 268 537 
349 € 

- 87 

Life of the option 
in years 

0    1 2 3

Annual standard 
deviation 

63    206 271 57

Calculated parameters 
Up movement per 
step 

63€    206 271 57

Down movement 
per step 

- 63 - 206 - 271 - 57 

Continuous risk 
free rate per step 

2.96%    2.96% 2.96% 2.96%

Risk neutral 
probability up, in 
year 0 

0.59    0.52 0.57 0.48

Risk neutral 
probability down, 
in year 0 

0.41    0.48 0.43 0.52

 
In the following plots all the binomial tree per business case area are illust
 

 

372 M €

372 M €

2004 

Figure 7: Binomial Lattice model of Dense Area 

 

20052004 

 Figure 8 Binomial lattice model of Urban Area 

523 M€

523 M€
317 M€

317 M€

111 M€

111 M€

 

 

rated 
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Figure 9 Binomial lattice model of Suburban Area 

Figure 10 Binomial lattice model of Rural Area 

od 
 to valuate the rural 

w method to 
 of branches 

l distribution of mean Vy-1 and standard deviation 
. As a result, at each step of the Monte Carlo 

a. Compa
We have used 
opti  and
th

 norm
equal to the volatility of V

rison with another real options valuation meth
another method than finite binomial lattices20062005 2004 

on  we propose to compare the results obtained with this ne
e results of the paragraph d. The idea is to generate a big number

1 810 M€

1 810 M€ in the decision tree by using Monte Carlo simulation and to model the 
probabilities of realization of the different scenarios directly (without the risk 
neutral calculations). 
 
We model the difference Vy between the NPV of UMTS and the NPV of plain 
EDGE at year y by a

1 539 M€ 

1 539 M€ 
1 269 M€ 

1 269 M€
1 269 M€ a1 269 M€

998 M€ 0
simulation, we simulate the values of V for each year between 2004 and 2007. 
Then, we evaluate the condition V2007>0 and if it is true the option is valuated 
V2007, otherwise the value of the option is zero. We present below the 
distribution of the value of the option for a run of 10 000 simulations. 

998 M€ 

727 M€

727 M€

 

Figure 11 Value of the rural option 

We can see that the mean value of the option is higher than the valu
obtained in paragraph y to go up or down in 
this case compared wn in paragraph d. 

e we 

 
2004 

19 M€

- 31 M€

0 M€

- 145 M€

2005 

40 M€

25 M€

0 M€

- 88 M€

0 M€

- 203 M€

2006

83 M€

83 M€

0 M€

- 31 M€

0 M€

- 145 M€

2007

- 260 M€

0 M€

9 M€

d. This is due to the equal probabilit
 to a higher probability to go do
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Nevertheless, the probability to have an option value greater than zero is very 
low. This means that we need to model properly the evolution of the NPVs 
regarding the market studies in order to be more accurate in option valuation. 
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In addition, we have tried to put a correlation of 0.8 between the up and down 
movements of couples of following years (Vy-1 and Vy) and we obtained a mean 

ption value of 46 M€. It is obvious that the situation in one year dependso  on 

nditions, the mean 
value of the NPV provides better information than the plain expected value, 
prov n of the parameters gives more 

to account that 

area UMTS 
This 

 make the decision 
best basis for 

fference 

A new framework based on real options is presented and analyzed in this article. 
It has been shown that real options analysis can and should be taken into 

h ing should 
be mple stitute of 
them. 

logy projects, the value of flexibility might not be necessarily as high as 
sometimes suggested when promoting the new methodologies. In many ROA 

pone the investments. 
Secondly, if demand is very much related to certain technology alternative and 

 project values and volatilities are 
calculated for the specific decision point only. If the rollout is carried out one 

the path followed by the value of the asset. As a consequence, a correlation 
exists between Vy-1 and Vy and should be taken into account. 

b. Comparison with the DCF analysis 
As assessing the potential value of a project in uncertain co

idi g that the variation distribution 
information than the plain guess for the most probable outcome. 
 
We can see that the traditional DCF analysis, with no distinction on different 
areas, gives the least accurate information for the basis of decision on the 
pproach - with or without UMTS in this case. It does not take ina

even though UMTS is a valuable project, better results are attained, when plain 
EDGE is deployed in the rural areas. The value of the option to deploy UMTS is 
calculated as a whole, but is the same as the sum of the area projects: 
 
(1 313 - 942) + (1 434 - 1 117) + (4 569 - 3 301) + (563 - 652) = 1 868 M €  
 

he area specific analysis reveals that probable value of the rural T
deployment is negative, so that only EDGE is to be deployed there. 
nalysis gives a bit better value for the option to build UMTS: a

 
(1 313 - 942) + (1 434 - 1 117) + (4 569 - 3 301) + (0) = 1 957 M € 
 

he real option analysis, taking into account the flexibility toT
later, based on the information available at that moment, gives the 
udgement, and in this case the highest value for the option. The dij

results from the fact that in the most favorable demand situation of the exercise 
year the investment for UMTS is done, but only in that situation: 
 
(1 313 – 942) + (1 434 - 1 117)+ (4 569 - 3 301) + (9 054) = 1 966 M € 

6. General findings, conclusions and further study 
 

account in t e complex telecommunication projects.  Real option pric
 a co ment to existing capital-budgeting systems and not a sub

 
Although the ROA did not make a remarkable difference in the UMTS option 
value in this case study, it anyhow provides the most accurate method to 
calculate the value. On the other hand these results demonstrate that in big 
techno

studies, it has been suggested that the investment relating to the exercise of the 
real option is a fixed amount of money that can be paid at certain point, not 
depending on the changing state of world and its effects on the business. In 
reality the technology investment is dynamic and dependent on the capacity 
demand, and generates different life-time revenues depending on the time of the 
takeoff. Neglecting these factors lead easily to exaggeration of the benefits from 
postponement. Also, there is in most cases an alternative for a technology 
investment, so that the alternative for the particular investment is normally not 
to be totally passive, but to invest into another technology deployment. Like in 
this case study we have the plain EDGE deployment as an alternative. Here we 
have, in addition, taken into account that if circumstances develop favourably 
for one technology alternative (UMTS), they develop in this case so for the 
other alternative (EDGE) too, though with different rate. 
 
On the other hand, the yearly potential variation in demand level can be higher 
than suggested in this case; especially in cases, where delay in demand, related 
to any technology solution provided, can be anticipated to be probable. This 
may lead to higher ROA values for options to post

the competition is still underway, the option value of the winning technology 
project would grow high compared to the competitor, resulting probably in 
higher ROA impact than in this case study.  
 
One analysis topic could have been to investigate the postponement of the 
UMTS decision for different areas. The lattices introduced cannot be extended 
to look for the option value, if the exercise would be in the following year. This 
is because the UMTS and plain EDGE

year later the project model would give completely different net present values, 
due to different revenues and build-out costs. In general, the NPV results of the 
studied projects decrease in case of postponement, due to lost revenues, so in 
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current cases the impact of postponement option seems to remain low. But as 
mentioned above, in some other contexts, the postponement and alternative 
technology options may provide interesting further study topics relating to the 
benefits from ROA. 
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Appendix 1. 
 
In this Appendix we deduct the risk neutral probabilities for an additive 

inomial lattice.  b
 
We start with a riskless portfolio  the underlying V, with m as 
he hedge ratio. In the current V is actually the difference 

between UMTS and plain EDGE NPVs, i.e. (V  - V ), but we present here the 
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g payoff will be 
identical to following up and down states: 
 

 
We can see that the risk neutral probabilities up (p) and down (1-p) are 
dependent on the V0 for the additive lattice, which means that risk neutral 
probabilities are changing through the lattice as the value of the originating 
node changes. These risk neutral probabilities are applied in the lattice 
implementations. 
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Appendix 2. 
 

 
Figure 12: Distribution of the NPV of UMTS plus EDGE deployment in DENSE 

area 

 

 
Figure 13: Distribution of the NPV of plain EDGE deployment in DENSE area 

 
 

 
Figure 14: Distribution of the NPV of UMTS plus EDGE deployment in URBAN 

area 

 
 

 
Figure 15: Distribution of the NPV of plain EDGE deployment in URBAN area 
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Figure 16: Distribution of the NPV of UMTS plus EDGE deployment in 

SUBURBAN area 

 

 
Figure 17: Distribution of the NPV of plain EDGE deployment in SUBURBAN 

area 

 
 

 
Figure 18: Distribution of the NPV of UMTS plus EDGE deployment in RURAL 

area 

 
Figure 19: Distribution of the NPV of plain EDGE deployment in RURAL area 
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