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Abstract 

Access to Structural Funds of the European Union for the realisation of infrastructural projects having a value in 
excess of 50 M€ requires advance preparation of economic and financial analyses including sensitivity and risk 
analyses for the probabilistic evaluation of uncertainties linked to the investment financing. This work illustrates 
the techniques and methods necessary in order to carry out such analyses, with reference to the case study of the 
Catania underground railway line. 
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1. Introduction 

Structural Funds are one of the main European Union financial instruments contributing to the removal of 
economic and social imbalance among its regions, thus favoring economic and social cohesion. Council 
Regulation (EC) n. 1083/2006 establishes the procedure to obtain the Structural Funds co-financing 
infrastructural projects; when the value of the investment is over 50 M€, the procedure requires additional 
documentation in order to evaluate the project. 

The aim of this work is to illustrate some of the techniques that are necessary in order to carry out the analyses 
required for the drawing up of these documents, with particular reference to sensitivity and risk analyses. These 
are techniques that are able to evaluate, both the probability a project has of achieving a satisfactory 
economic-financial performance (in terms of Net Present Value or Internal Rate of Return on Capital) and the 
variability of the result as compared to the estimate carried out. 

Risk analysis, in particular, is performed by means of a methodology based on the Montecarlo method, a 
methodology of statistical simulation that is frequently used in the scientific field, and with reference to the 
actual case of the underground line project of the Catania Circumetnea Railway. 

2. The Procedure for Accessing Community Funds 

In order for the Funds to participate in financing an infrastructural investment, the member State or the 
management body sends a series of information to the EC (2006), among which: 

- analyses of the costs and benefits, including financial ones, risk evaluation and indications of the economic 
validity of the project; 

- analyses of the socio-economic costs and benefits of the project;  

- direct and indirect effects on the employment situation; 

- elements leading to an evaluation of the environmental impact and respect for the community regulations in 
environmental matters. 

The proponent, then, submits a technical-economic study to the EC called a ‘Great Project File’, whose 
fundamental contents are a financial analysis, an economic analysis and a risk and sensitivity analyses (Florio, 
2007). 

2.1 Economic and Financial Analyses 

Both analyses use a technique for forecasting the results of a public investment, that falls into the category of 
costs-benefits analysis (CBA). It is used to evaluate whether the project will determine a benefit or a cost to the  
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community (Boardman, 2006). 

The CBA judges appropriateness not only on criteria of a financial kind but also on economic and social 
advantage criteria, calculated from the results of a financial analysis by means of appropriate corrections to 
arrive at the total costs and social benefits linked to the project under examination. 

There are frequent cases of projects that are ‘economically’ advantageous but not ‘financially’: one thinks of the 
case of a road with no tolls that, although being highly useful for the areas that it serves (in terms of development 
of economic activity and social advantages) does not produce any kind of financial return. 

In a sector like public transport, characterised by many public tariffs, it is crucially important to distinguish 
between: 

- costs sustained by the user 

- production costs 

The former can be considered as being ‘demand costs’ that, in the case of public transport systems, are the fares 
paid by the users of the service, while the latter, which measure the financial resources spent in the realisation, 
operation and maintenance of the finished project, can be defined as ‘supply costs’. 

As regards the benefits, from a financial point of view it is sufficient to consider the income from fares while 
from an economic point of view reference is made to the concept of the user’s willingness to pay. 

The CBA takes the form of a table from which it is possible to calculate some synthetic result indexes that 
measure the performance of the project in financial and economic terms. Among the most frequently used 
indexes we should consider the Net Present Value (NPV) (Note 1), equal to the discounted sum for each year of 
the cash flow balances and the Internal Rate of Return (IRR), equal to the discount rate that corresponds to a nil 
NPV. 

Generally, in the first m years during which works are carried out (construction site phase), the impacts I are only 
negative (investment costs), while in the following n-m years, even with negative impacts Ct (operating and 
maintenance costs) there is a prevalence of positive impacts Bt. If Vn indicates the residual value of the investment 
and is considered as a positive impact that matures in the final years of service life, the NPV expression is as 
follows: 
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being i the discount rate and t the general running year. 

Given that in the early years there will probably be a negative flow, due to the expenses of the initial investment, 
while only in the following periods will there be income, and because the discounting process attributes a greater 
weight to the present flows compared to the future ones, the choice of the time horizon and the discount rate 
influence the calculation of the NPV, as shown in Figure 1.  

 

 

Figure 1. NPV performance as a function of the discount rate for different durations of the economic life of the 
project 
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3. Risk and Sensitivity Analyses 

It is obvious how the results of an ACB involve a degree of uncertainty deriving from the hypotheses carried out 
on the values of the variables and the parameters used as the basis for calculating the indicators, such as travel 
demand, operation and construction costs or traffic incomes. 

Sensitivity and risk analyses constitute two means of support for the benefits-costs analyses when dealing with 
uncertainties. 

The sensitivity analysis evaluates the impact on the calculated financial and economic indexes of hypothesised 
changes in the estimated values of the variables that determine costs and benefits. 

The risk analysis consists in a study of the probability that the project will attain a satisfactory performance (in 
terms of synthetic indicators), as well as the variability of the results as compared to the best previous estimate. 
The recommended procedure for studying risk establishes that it is preceded by and based on an analysis of 
sensitivity. In practice, the probability distribution of the CBA indicators incorporates the dispersion of variables 
identified as critical by the sensitivity analysis. 
The analysis of risk is more frequently applied to financial indicators, in that they can be more directly correlated 
to the sum of the resources required from the financing body. 

We will go on to show the application of the sensitivity and risk analyses, carried out in accordance with the 
request for the confirmation of the structural funds co-financing of the construction of the underground line of 
the Catania Circumetnea Railway. 

3.1 Economic and Financial Analyses 

The Circumetnea Railway is the only surviving narrow gauge railway line in Sicily. It began life in 1880 when a 
railway network framework was being outlined in Sicily. The first stretch of line from Catania Borgo to Adrano 
opened in 1895. The present route, 110 Km long, leaves Catania, winds up the slopes of the volcano to a height 
of almost 1000 m above sea level and then descends seawards to the station of Riposto, passing through 
numerous towns and villages (see Figure 2). 

 
Figure 2. Present lay-out of the narrow gauge Circumetnea Railway 

In recent decades demographic changes in the population of Catania and the towns of the Etna conurbation have 
led to a great deal of commuting and consequent congestion of the road network due to an increased use of 
private transport. This has meant that the Circumetnea Railway has had to redefine its role and services and has 
therefore led to intense planning and development based on two main objectives: 

- the transformation and specialisation of the urban service by means of the construction of an 
underground railway line  

- the development and modernising of the present extra-urban line between the towns of Paternò and 
Adrano, a distance of about 15 Km. 

With regard to the first objective, works are already underway, with the existing line being rebuilt underground, 
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The projects relating to the stretches Galatea – Giovanni XXIII – Stesicoro, Borgo – Nesima – Misterbianco and 
Paternò – Adrano are of the type laid down for the so-called ‘Great Projects’, in accordance with article 40 of 
Council Regulation (EC) n. 1083/2006 for access to community funds, for which the relative forms and files 
have already been completed and sent to the European Commission for modification or confirmation of the rate 
of community financing. 

3.2 Sensitivity Analysis 

As has already been said sensitivity analysis falls within the category of methods used for the treatment of risk in 
investment analysis (Saltelli et al., 2008). It aims at quantifying the effects induced on a cash flow by variations 
in the input variables, and therefore on the final outcome of the project calculated by means of the NPV. In 
essence, it supplies the decision maker with analysis elements regarding what happens if some parameters differ 
from the basic case. 

The uncertainty that characterises the variables used for estimating costs and revenue, can be described as a 
probability distribution. The high number of variables that influence the final results and the complexity of the 
analyses that it would otherwise be necessary to carry out, make it necessary to select some of the so-called 
‘critical’ variables, that is those whose departure from the best estimate value  

The European Commission (2008) suggests to consider as critical variables those for which a variation of (more 
or less) 1% gives place to a corresponding variation of 1% (one percentage point) of the IRR or 5% of the basic 
rate of the NPV. 

The procedure to be followed for the analysis of sensitivity includes: 

• the identification of the variables used that are affected by uncertainty 

• the analysis of the existing correlation between the variables 

• the evaluation of the elasticity of the variables for the calculation of the NPV 

• the identification of the critical variables 

The variables that have been used for the financial analysis are: 

• passengers’ mobility demand per year, divided into its various components of diverted demand (from 
private and public transport) and generated demand 

• the operational costs divided into the running costs of the service and the maintenance costs of the 
infrastructure and rolling stock 

• the fares established for the use of the service by customers with season tickets or one-way tickets. 

There are undoubtedly some relationships of dependence between the used variables. 

This is the case with the operational costs that depend on the passenger demand that must be satisfied. It is 
supposed that the transportation capacity of the line is adapted proportionally to the demand. This is obtained by 
modifying the train transit frequency and consequently increasing running costs. 

In reality, if we divide the running costs into fixed costs, that is not depending on the production level of the 
service, and variable costs, only the latter can be considered as depending directly on demand while, in the short 
term, the fixed costs are independent. 

Figure 5 shows the law of dependence between the operational costs and demand that have been assumed in the 
NPV calculation model. The stepped curve represents, with each step, the cost increase produced by the 
introduction of a new traction unit to satisfy the need for capacity induced by growing demand. The continuous 
linear curve represents the approximation used in the NPV calculation model. 
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Figure 5. Operational costs related to the demand for transport 

 

It is possible to identify another law of dependence between the fares applied and the consequent level of 
demand. It is well-known that for all goods and services and for each class of user it is possible to identify a 
different sensitivity of demand to variations in price. When a variation in the quantity demanded of more than 1% 
corresponds to a price variation of 1%, it is called elastic demand, when the variation is less than 1% it is called 
static demand (or inelastic). In particular, price elasticity of demand is calculated by means of the expression: 
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P being the price and Q the demand. This expresses, therefore, the percentage variation of the demand compared 
to a percentage variation in the price. 

The price elasticity of demand for public transport in Catania has been evaluated by analysing a series of historical 
data relatied to the Municipal Transport Company (AMT) that runs the public transport service in the Municipality 
of Catania and in some of the neighbouring areas. 

Figure 6 shows a set of points whose co-ordinates refer to passenger traffic recorded in various years and the 
relative fares. The fare has been index-linked using a number of ISTAT cost of living indexes. The same figure 
shows an exponential trend line that approximates the trend of the demand curve related to the fare. 

 
Figure 6. Catania public transport demand curve 
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Hypothesising that the demand for public transport on the planned underground line demonstrates the same price 
elasticity shown by the AMT demand, Figure 7 shows the demand curve of public transport on the planned 
underground line. 

 

 
Figure 7. Transport demand curve of the underground line 

 

Once the variables and their dependence have been identified, the procedure of sensitivity analysis establishes that 
the input variables chosen be made to vary from 50% to 150% as compared to the basic case. Within the variation 
range corresponding to each step increase of 10%, this calculates the corresponding output value, in this case the 
NPV value, both in absolute terms and in terms of percentage variations compared to the basic case. The results for 
total demand are shown in Figure 8 and Figure 9.  

The results show a more or less linear variation and marked agreement of the NPV to the demand. In percentage 
terms a variation of little less than 4% of the NPV corresponds to a variation of 20% in the demand. 

 

 
Figure 8. Analysis of sensitivity to the total demand of the NPV in absolute value 
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Figure 9. Analysis of sensitivity to the total demand of the NPV in percentage terms 

 

As regards the variable fare, the fare of the non-season ticket holder was assumed as the independent variable, that 
is the fare for a one-way ticket equal to 0.77euro in the basic case and considering that with one ticket the user 
performs on average 1.2 journeys. 

The fare of the season ticket holder is calculated considering a fare unit of about 40% of the one-way ticket fare (16 
euros for a monthly season) and hypothesising that the holder performs 52 journeys a month when the service 
begins to then arrive at 62 monthly journeys at the end of the service life of the line. 

Figure 7 shows the law of dependence between the fare and the demand assumed as the hypothesis in the NPV 
calculation model. This means that in agreement with each of the percentage variations of the fare compared to the 
basic case, the demand assumed for the calculation will be modified compared to the basic case, according to this 
law of dependence. It follows that in its turn a variation in the demand will produce a consequent variation in the 
operational costs and therefore in the net revenue. 

Figure 10 and Figure 11 show the results of the analysis of the elasticity of the NPV to the fare. 

 

 

Figure 10. Analysis of sensitivity of the NPV to the fare in absolute terms 
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Figure 11. Analysis of sensitivity of the NPV to the fare in percentage terms 

 

The curves indicate a high non-linearity in the variation of the NPV to the fare, due to the dependence of demand 
on this latter. In fact because of the elasticity of demand to the fare, fare increases produce a reduction in demand 
and therefore a reduction in the growth of revenue. In percentage terms, a positive variation of 20% of the fare 
corresponds to a 6% increase of the NPV while a reduction of 20% in the fare corresponds to an 8% decrease in the 
NPV. 
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The historical traffic data were statistically analysed in order to obtain the probability distribution function best 
suited to the sample. To that end a Maximum Likelihood method was used. Once the distribution function f(x) has 
been fixed with parameter α and a series of n values of the sample Xi, the method is based on the definition of the 
Likelihood expressed as: 

 



n

i
iXfL

1

,  

Setting the derivative of L equal to zero with respect to the parameter α, the value of the parameter giving the 
maximum probability of distribution to the data sample is determined. This means, in other words, maximising the 
product of the probability of the single events, that is the probability that all the events happen simultaneously. The 
method can be extended to include other parameters. 

Figure 12 allows the cumulative frequency distribution of the historical traffic data to be compared with a normal 
distribution curve having a mean of 46.6680, deviation standard of 3.6359 and variation coefficient percentage 
equal to 7.81% (3.6359/46.6680%). 

Figure 13 shows a similar result for the variable ‘public transport fare’. 
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3.4 The Montecarlo Method 
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As has been said, with this aim, analyses are made using the Montecarlo method. This is a numerical analysis 
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The Montecarlo analysis was carried out using suitable calculation software. This is a macro written in the internal 
language of Microsoft Excel which functions as an added component in the working environment of the same 
software. 

The software performs a repeated random extraction of a set of values of the critical variables, taken from within 
the respective definition intervals and carries out the calculation of the NPV deriving from each group of values 
extracted. 

Obviously, the extraction of the values of the critical variables is carried out taking care that the frequency of 
presentation of the values extracted from the variables respects the predetermined probability distribution. 
Repeating the procedure for a sufficient number of extractions it is possible to obtain the convergence of the 
calculation towards a NPV probability distribution. 

The probability distributions and the relative parameters used are those deriving from the previous paragraphs, 
considering that the hypothesis of being able to assign the same variation coefficient to the demand and fare 
variables of the underground line is reasonable (percentage relationship between standard and average deviation) 
taken from the probabilistic analysis of demand and fare data regarding urban public bus transport in Catania. 

For the ‘total demand’ variable we use, therefore, a normal probability distribution with mean equal to the 
estimated value in the basic case (38,306,68 per annum) and standard deviation equal to 8% of the mean. In 
practice the simulation extracts the single demand components (private transport deviation, public transport 
deviation and generated) from a probability distribution that has mean values equal to those estimated for the basic 
case and standard deviation at the rate of percentage fraction that the demand component represents compared to 
the total. 

As regards the relationship between the input variables, the relationship between the served demand and running 
costs and between the applied fare and the related expressed demand have been incorporated into the calculation 
model. The running costs therefore modify their value according to each random extraction of the demand, while 
due to the elasticity of demand compared to the fare, a different mean value of demand corresponds to each 
extraction of the fare. 

Thus, in short, the Montecarlo method applied to the calculation model of the NPV proceeds with the following 
steps: 

1. random extraction of a value of the fare for a one-way ticket (non-season ticket holder) from a normal 
distribution with a 0.77 euro mean and standard deviation equal to 20% of 0.77. 

2. calculation of the value of the season ticket fare in fixed relationship compared to the one-way ticket fare 
(monthly season ticket price is equal to about 20 times the price of a one-way ticket) 

3. calculation of the mean value of the total demand related to the fare value extracted 

4. random extraction of a total demand value of a normal distribution with a mean equal to that calculated in 
the previous step and standard deviation equal to 8% of the same 

5. calculation of the running costs related to the demand value extracted in the previous step and calculated 
for each year of service life 

6. calculation of the total costs 

7. calculation of the gross and net revenue 

8. discounting of net proceeds and calculation of the NPV 

The algorithm described above was applied using 1000 iterations, thus obtaining 1000 NPV values. By means of a 
statistical analysis of the data obtained the probability distribution of the NPV is drawn up. 

The result is obviously influenced both by the form of the probability distribution of the input variables and by the 
relative parameters (mean and standard deviation) used to calculate the NPV. 

To verify the stability of the result, the procedure was carried out again using a triangular distribution for the input 
variables (demand and fare) and a uniform distribution with equal mean and standard deviation of the normal 
distribution. This is obtained assigning the parameters to the distribution according to Table 1. 
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Table 1. Parameters of three different probability distribution that have been used for the risk analysis 

Type of distribution Parameters of the distribution 

normal ,  

triangular  6,,6   

uniform  3,3   
 

Figure 14 shows the reciprocal relationship of the three normalised distributions, all with a mean 0 and standard 
deviation 1. 

 
Figure 14. Probability distribution 

 

Table 2 shows the main results of the risk analysis in terms of Net Present Value for three different probability 
distribution and two coefficient of variation 

 

Table 2. Results of the risk analysis 

 
Type of 

distribution 
normal triangular uniform 

 
Coefficient of 

variation 
8% 16% 8% 16% 8% 16% 

NPV without public 

funds (M€) 

Mean -238.19 -238.44 -238.08 -238.35 -238.00 -238.25 

Standard deviation 17.90 18.69 17.24 18.03 16.79 17.57 

NPV with public 

funds (M€) 

Mean -2.86 -3.11 -2.76 -3.02 -2.68 -2.92 

Standard deviation 17.90 18.69 17.24 18.03 16.79 17.57 

 

Both in the case of investments financed with a contribution from public funds (EU, State and Regional Funds), 
and in the case of no contributions, the NPV result is substantially stable, that is little influenced by the type of 
probability distribution used for the input variables (demand and fare). The result appears stable also when 
compared to the variability of demand. In effect, a doubling of the standard deviation of demand (from 8% to 16% 
of the mean value), produces an increase in the standard deviation of the NPV of about 3%, while the NPV mean, 
constant in the case of no contributions, presents a variation of 9% when there are contributions. 
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Instead, the NPV calculated in the basic case, that is using the best deterministic estimate as the value of the input 
variables, supplies a NPV of –235.35 million euros when there are no contributions and -0.02 million euros with 
contributions.  

Figure 18, Figure 19 and Figure 20 show the results of the risk analysis carried out with the Montecarlo method in 
the different hypotheses that have been described are analytically reported. 

 

 
Figure 18. Results of risk analysis in the case of normal distribution 

 

RiskSim - One Output - Summary Mean -238.19 
Date 11-feb-04 St. Dev. 17.90
Time 7.59 Mean St. Error 0.57
Workbook ACB Fin prova Montecarlo.xls Minimum -321.19 
Worksheet ACB Fin Random First Quartile -248.38 
Output Cell $AV$43 Median -235.51 
Output Label VAN (Meuro) Third Quartile -225.51 
Seed 0.5 Maximum -201.14 
Trials 1 000 Skewness -1.0610

RiskSim Histogram, 11-feb-04, 07.59 
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Figure 19. Results of risk analysis in the case of triangular distribution 

RiskSim - One Output - Summary Mean -238.08 
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Time 8 Mean St. Error 0.55
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Output Cell $AV$43 Median -235.51 
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Figure 20. Results of risk analysis in the case of uniform distribution 

 

4. Conclusions 

The use of risk analysis applied to transport infrastructure projects proves to be a useful means of evaluating the 
appropriateness of an investment when there is a high uncertainty regarding the variables at stake. Thanks to the 
analysis results it is possible to define a project as risky in the case in which there is a high probability that the 
project will not go above a certain threshold of NPV or IRR. For example, whenever the probability distribution of 
the NPV of a project has a positive mean value but a high standard deviation of the same, two distinct decisions 
could be arrived at: 
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To obtain further knowledge and analyses regarding the input variables of the financial analysis, with the aim of 
reducing the uncertainties and as a consequence reducing the variability of the NPV probability distribution. 

To evaluate negatively the financial feasibility of the project as being too risky. 

Whenever two projects competing for limited financial resources must be evaluated, it is necessary to find useful 
criteria to compare a project with a high value of mean NPV but with a high deviation standard and a project with 
an inferior mean NPV but with values outside the mean much less scattered around the same.. 

For example, Figure 15 shows the probability density functions of the NPV of two projects; project A has a mean 
NPV of 100 with a standard deviation of 20, while project B has a lower mean NPV, equal to 80 and a standard 
deviation of 10. Even though it has a higher mean NPV project A is more risky. In fact, as can be seen in Figure 16, 
the probability of having a NPV equal to at least 100 is equal to 50% for project A and almost 98% for project B 
which therefore appears as preferable from the risk point of view. 

In a wider context, with the aim of evaluating both the economic and financial results of the analyses, it is 
necessary to take into consideration, as Figure 17 shows, the compromise that should be made between projects 
with a high financial risk but also high social benefits and, on the contrary, projects with a low financial risk but 
reduced social benefits. 

 
Figure 15. probability density functions of the NPV of two projects 

 

Figure 16. probability distribution functions of the NPV of two projects 
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Figure 17. Project classification 
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