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The airport infrastructure is a polemic and controversial theme with innumerous opportunities to be 
explored. The study between the GDP, demands growth and costs is a Brazilian national interest. 
Studies about the airport infrastructure have been conducted worldly, as well as qualitative and 
quantitative methods. After a literature review it is possible to determinate an inexistence texts 
correlation airport infrastructure with Monte Carlo Simulation and Multiple Regressions, the stimulus 
for this text. The methodology presented is quantitative, using data and the respective treatment with 
Monte Carlo simulation, Multiple Regressions and specialized systems. Brazilian airport infrastructure 
are the focus of this paper, with a generate results for the long term simulation, considering the period 
of 2010-2017, the same as the strategic Brazilian government plan to the airport sector. 
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INTRODUCTION 
 
The airport infrastructure is a polemic and controversial 
theme, with serious functional bottlenecks and with innu-
merous opportunities to be explored, Tadeu (2009). The 
study that is being analyzed is of national interest, when 
the demand’s growth is observed, in consonance with the 
restriction of terminals and air traffic supervision. At the 
same time, there is a growing interest for the operations 
within the Brazilian territory, which is one of the markets 
with the highest expansion rates in the world (10% per 
year), according to the IATA (2010). 

Studies about the airport infrastructure have been 
conducted worldly, with analysis involving new distinct 
operational and metric conceptions, being possible to 
quote an isolated performance or in partnership by pri-
vate companies and government, in the management of 
passengers’ terminals, according to Tadeu et al. (2010), 
as well as the studies of qualitative nature that were 
elaborated  by Gillen (2009: 2006) and Button (2003) and 
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also the quantitative studies of specific aspects, quoting 
Charnes et al. (2007), Prodifillidis (2000) and Vreeker et 
al. (2002). The technical elegance of these studies is 
quite evident, which use recent data, being a combination 
of estimates and advanced modeling. 

Due to the importance of the theme, it is possible to 
notice the growing relevance of modern management, as 
basic functions for the airport sector’s growth. However, 
to reach excellence in airport management, the special 
interest of this study is in the analysis of data that 
involves economical and infrastructure data. In a recent 
paper, Tadeu (2009) presents a strategic analysis of the 
sector, focusing the International Airport Tancredo 
Neves, with the basic requirements to explore this 
knowledge in national scale. 

Therefore, this study has as objectives to present and 
analyze references about (1) economic performance, (2) 
airport infrastructure, (3) Monte Carlo Simulation, (4) 
Multiple Regressions and (5) mathematical modeling to 
adopt a quantitative methodology, viewing the develop-
ment of a long term scenario and identifying the critical 
knowledge for airport management. 



 

 
 
 
 
LITERATURE REVIEW 
 
Tadeu (2010) proposed a quantitative and integrated ma-
pping about the airport infrastructure, based on studies 
that were concluded about the economical development 
and the transport matrix, involving passengers and cargo, 
using long term scenarios through the Monte Carlo 
simulation and Multiple Regressions. This mathematical 
modeling has been improved through studies that are 
directed to the airport sector, as an open and comprehen-
sive mathematical form, starting from the data collection, 
its interpretation and solution proposals. Hence it is a 
dynamic model, for a unifying action between the 
economical performance and the transport sector. 

As quoted before, the proposed mathematical modeling 
is “integrated” and it is formed by the following phases: 
 
(i) the economical performance`s analysis, as a strategic 
conception about the national performance; (ii) analysis 
of the airport infrastructure’s, as a capacitating condition; 
(iii) the use of mathematical modeling, expressed by the 
Monte Carlo simulation and (iv) multiple regressions to 
identify the most important criteria decision. All the 
phases are described as follows. 
 
 
Analysis of the economical performance 
 
For Mankiw (1999), the GDP is a value generated in a 
geo-economic space, due to a time interval. This is the 
most important economical data to evaluate the growth or 
not of a country. Consequently, estimating the 
participation of several different segments in the GDP will 
determine their contribution in generating wealth, like the 
infrastructure airport. To measure its performance, there 
is the need to take into consideration the wealth 
generated by all of the economical agents and 
participants in the productive process, or evaluate the 
general population’s consumption, in search of goods 
and services that are offered by the market. 

For the IPEA (2010), the form that is used to evaluate 
the GDP, is the result of the real GDP concept, being an 
evaluation of current prices, deflated from the economy’s 
price index, in order to find ideal values. However, other 
than the GDP’s data, it is recommended to evaluate for 
this study, the data from the airport infrastructure. It is 
through the inter-relation between the economic 
performance and the airport infrastructure that the 
mathematical modeling proposed previously emerges. 

Graph 1 presents the GDP’s evolution as an 
economical activity in the last years, which will be the first 
entry data for the modeling. 

It is possible to understand that historically, the national 
GDP had a vigorous behavior starting at the 90s, 
observing 1994, the year that Real Plan was implemen-
ted. So, with the GDP raise, more airport infrastructure 
will be usage (ANAC, 2010).  But  how  is  the  correlation 
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between the GDP and airport infrastructure sector? 

As an inducer of investments that were done in the last 
years, the government and private sectors have been 
allocating resources in infrastructure, according to Graph 
2, but with low rates of investment in transport, and 
especially for airports, BNDES (2010). 
 
 
Analysis of airport infrastructure 
 
The airport infrastructure’s evaluation takes into 
consideration the national, international demand and 
operational costs, according to Lacerda and Ribeiro 
(2003). It is possible to verify the increase demand and 
that the cost related to the airport modal are the largest in 
the Brazilian transport matrix, due to the expenditure with 
fuel, airport charges and the availability of cubature for 
the outflow of cargo, having also to take into account, the 
speed, consistency, availability and frequency.  

However, the choice for a transport modal should be 
related to the infrastructure’s availability, observing the 
aggregated value to the national economy (Barat, 2007). 
In this case, Figuereiro (2003) observes that: 
 
“The transport activity, the most important among the 
several logistic components, has increased its 
participation in the GDP, having grown from 3.7 to 4.3% 
between 1985 and 1999. In 30 years, or in other words, 
between 1970 and 2000, the transport sector has grown 
about 400%, while the GDP growth was of 250%. This 
growth was strongly influenced by the Brazilian econo-
my’s geographic decentralization in the last decades, 
especially in the direction of the Center-West, North and 
Northeast of the country.” 
 
In this case, the growth of the airport transport was not 
followed by the necessary investments to maintain the 
infrastructure, being possible to verify stagnation, 
especially in the Graph 2.  

Brazil is in a worrying situation, taking into account the 
operational conditions of its airports, comparatively to 
countries like Holland, Germany, China and the United 
States, especially due to the inefficiency of the govern-
ment expenditure (WORLD BANK, 2010). A solution 
would be to adopt a Government-Private Partnership and 
the concession model, according to the law 8,987/95 and 
11,079/04, considering a technical and prioritized 
evaluation for short and long term investments.  

Graph 3 shows larger demand passenger traffic 
considering national and international routes for 2001 to 
2009. 

Graph 4 presents the airport sector’s costs with a larger 
participation of expenditure with fuel, reaching a level of 
30% of the sector’s companies’ revenue. The data series 
that are now presented in the Analysis of the economical    
performance and analysis of airport infrastructure are 
used in Mathematical modeling, being  composed  by  the 
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Mathematical Modeling and quantitative analysis 
associated in complementation.  
 
 

Monte Carlo simulation 
 
After the economical performance and airport 
infrastructure data presentation it is important to show the 
evidence of how to develop the scenario analyses with 
Monte Carlo simulation. According to Chwif (2006), a 
simulation is a process by means of another, being a test, 
an experience and a rehearsal. In particular, the adopted 
simulation is classified as computational, with the help of 
specialized systems. 

The objective of the simulation that is being studied is 
to find out which will be the airport infrastructure’s 
behavior in the long term, working with discreet events, 
that is, with a series of finite histories, but taking into 
consideration its mutation in the long term. 

It is important to elucidate that the simulation has as its 
objective to foresee the system’s behavior and its 
variables, respecting the possibilities of error, possible 
adaptations, which should not be mistaken with the term 
“optimization”, for its focus is not in a single response, but 
in the analysis of scenarios and hypothesizes. Especially 
the Monte Carlo Simulation, which is originated from the 
operational research, corresponding to the execution of 
numerical and experimental analysis, with the realization 
of the first studies that originate from the Second World 
War, to create the atomic bomb (Saliby, 1989). 

For this study, the Monte Carlo Simulation is executed 
with the use of the RiskSim computational system, 
according to what was proposed by Hiller and Lieberman 
(1995), helping in the construction and decision making 
of the statistic models to elaborate the scenarios. Hence, 
the simulation is a structured process, with the intention 
of understanding the behavior of an experiment, 
according to the following steps: (i) describe the 
variables’ behavior that are being studied; (ii) build 
hypothesizes; (iii) use theories that have been published, 
especially, for the Monte Carlo simulation and (iv) to do 
the necessary calculus, obtaining the distribution of 
probabilities and frequency graphics.   

Some evidences about quantitative studies involving 
Monte Carlo simulations and economic decision were 
develop by Boda et al. (2000), Dempster and Scott 
(2000), Fu et al. (2001), Castillo-Ramírez (2001), 
Tsitsiklis and van Roy (2001), Sun et al. (2004), Suslick 
and Schiozer (2004), Walls (2004), Barraquand and 
Martineau (2005), Liu (2005), Broadie et al. (2007), 
Peterson et al. (2007), Siddiqui et al. (2007) and  
Chakarvartula et al. (2008). The decision observed by 
making existing tests was made by Kleijnen (2004), 
Fichthorn and Weinberg (2004), Clark and Watling 
(2005), Tervonen and Lahdelma (2005), Özdemir et al. 
(2006), Mateos et al. (2006) and Sohn (2007). 

The inexistence texts between economic performance, 
airport infrastructure, Monte Carlo simulation and multiple 

 
 
 
 
regression are the stimulus for this text. Having 
discussed several applications, it is important to show the 
simplest model that deal with Monte Carlo Simulation and 
to use the RiskSim system. Equation 1 shows the 
arithmetic variables, to create correlations between data 
usage.   
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Equation 2 shows the control variables; evaluate the 
correlations in the analyses. 
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Equation 3 consists in the probability distribution with the 
date usage, according to the random analyses.  
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Finally, Equation 4, show the description values, focus on 
the scenario creation.  
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All of these equations are usage with RiskSim system, 
available in RiskSim  
 
 
RiskSim 
 
The analysis for the Monte Carlo simulation should be 
generated by the RiskSim (available in a version for 
download in the site www.palidase.com), according to 
Figure 1, being a system that is easy to use and with the 
usage of Microsoft Excel, after its installation. 

Figure 2, explains the entrance procedures of the 
RiskSim’s data, with mathematical computational 
parameters shown in Table 1, by statistic calculus of the 
data that is being analyzed, including minimum, medium 
and maximum values, standard deviation and weights 
that were given by the decision maker, as a measure of 
central tendency.  

According to the Table 1, equation (1) is introduced on 
the cell B4, equation (2) on the cell B5 and equations (03) 
and (04) on the cell B6. After these steps it is important to 
use de RiskSim system to simulate the series in analyses 
All the components of this RiskSim are presented and 
discussed in mathematical modeling 
 
 
Multiple regressions 
 
To complete a Monte Carlo Simulation, it  is  important  to
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Figure 1. RiskSim example working window. 

 
 
 

 
 
Figure 2. RiskSim example data entrance. 

 
 
 

Table 1. RiskSim’s computational parameters. 
 

Equation Computational parameter 

01 =Randnormal(MaxMin;Standdesv) 
02 =Randtriangular(Min;Medium;Max) 
03 and 04 =Randdiscret(Min;Medium;Max) and Weights 

 
 
 
create correlations between the usage data. So, the 
proposal of this topic is to show the multiple regressions, 
as a simple model. Equation (5) shows the description of 
this model. 
 

                      (5) 

Assumes: 
  
Y

i
 is the problem answer;   

X
i1
 and X

i2
 are the studies variable; 

β
0
, β

1
, β

2 
are the problem constants;  

ε
i
 is the estimated error. 
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Figure 3. Excel example multiple regressions. 
 
 
 
To create the multiple regressions it is possible to use 
Excel Software, Hillier and Lieberman (1995), to a better 
decision making process (Figure 3). 
 
 
METHODOLOGY 
 
The research method adopted is bibliographic in nature, using qua-
ntitative tools to analyze the using data. To begin with databases 
were use to retrieve articles on the “Brazilian airport infrastructure”, 
“Monte Carlo Simulation” and “Multiple Regressions”. Search 
results showed different papers and applications. So it was neces-
sary to expand the research to retrieve more papers discussing the 
concepts of the proposal paper. The strategy each included theses 
sources was:  
 
i. Fundação Dom Cabral digital library resources;  
ii. Centro Universitário UNA digital library resources;  
iii. Universidade Fumec digital library resources;  
iv. Universidade de Caxias do Sul digital library resources;  
v. e-journals containing “ airport infrastructure”, “Brazilian airport 
infrastructure”, “ Monte Carlo Simulation” and “Multiple 
Regressions” in their titles;  
vi. Google Academic – searching for material not previously 
published in the form of journal papers.  
 
This expanded search strategy resulted in a corpus of papers, 
dissertations and books that constituted the study`s database. The 
time-span covers papers published from 1989 to 2010 and the 
authors were academics and practitioners from many different 
countries in the world.  

Patton (2002) suggested that quantitative data analyses should 
occur in three activities: data search, data analyses and conclusion. 
All the data analyses were created using RiskSim, a software to 
construct and analyses complex problems. 
 
 
RESULTS 
 

Mathematical modeling 
 

The applied simulation in the airport infrastructure is 
related to the nature of the data that  were  used,  leading 

to a modeling process, with the necessity of expressed 
preferences in the distribution of the RiskSim probabilities 
(Adler and Golany, 2001). 

The entrance data are presented by an independent 
sequence, with the execution of approximations and 
possible estimations, in this case, represented by the 
economical behavior and by the series that are related to 
the airport transport (Nelson and Yamnitky, 1997). 

As basic components to implement the Monte Carlo 
simulation, according to the Analysis to the economic 
performance, analyses of the national and international 
demand analysis of the airport infrastructure and multiple 
regressions, the most important are: 
 
 
Analysis to the economic performance 
 
The National GDP’s behavior is a basic variable to 
project scenarios for the airport infrastructure, having a 
relevant impact in the sector’s characteristics, which 
involve the aspects that are related to supply and 
demand.  

Table 2 elucidates the result that was generated by the 
entrance data’s modeling, presented initially in Graph 1, 
considering the maximum, minimum and measured risk 
values. 

All the graphs generated (Graphs 1 to 10) are the result 
for the long term simulation, considering the period of 
2010 – 2017, the same as the strategic Brazilian 
government plan to the airport sector (ANAC, 2010).  
 
 
Analyses of the national and international demand 
 
The National and International Demand show the volume 
of passengers in Brazil and the aspects of supply and 
demand.   
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Table 2. Maximum and minimum for the national GDP (US$). 
 

Criteria GDP Max GDP Min 

National GDP 1.489.3 1.314.2 
Risk 95.09 85.54 
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Graph 1. Variation of the Gross Domestic Product (US$). Source: IPEA (2010). 
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Graph 2. Investment in Infrastructure (% GDP). Source: BNDES (2010). 
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Graph 3. National and International Demand. Source: ANAC (2010). 
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Graph 4. Costs of the Airport Companies. *** Refers to Payment of Installments, Tax Expenses, and Public 
Services. Source: Coppead (2010). 
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Graph 5. Maximum national GDP (US$). 
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Graph 6. Minimum National GDP (US$). 

 
 
 
Table 3 elucidates the result that was generated by the 
entrance data’s modeling, presented initially in Graph 3, 
considering the maximum, minimum and measured risk 
values. 

Analysis of the airport infrastructure 
 
The analysis of the airport infrastructure includes the 
following data (Table 4):  
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Graph 7. Maximum national and international demand. 
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Graph 8. Minimum national and international demand. 
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Graph 9. Maximum Costs for National Traffic (US$). 

 
 
 
i. Considering the costs with personnel, exchange rates, 
fuel, business and others. 
ii. The fuel’s cost represents, in average, 32% of the  total 

costs. 
According to the generated graphs it is possible to 

conclude   that   GPD,  demand  and  costs will  have  the
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Graph 10. Minimum Costs for National Traffic (US$). 

 
 
 

Table 3. Maximum and minimum for the national and international demand. 
 

Criteria Demand max Demand min 

Demand 174,364,289,777 71,293,403,103 
Risk 10,533,158,852 11,064,233,340 

 
 
 

Table 4. Maximum and minimum results for the cost of national traffic (US$). 
 

Data Max Costs Min Costs 

Costs 200.1 198.1 
Risk 0.46 0.18 

 
 
 

Table 5. Multiple regressions with maximum values aggregate. 
 

Year Demand GDP Cost 

2010 135,000,000,000 1,300 199 
2011 140,000,000,000 1,350 199.2 
2012 145,000,000,000 1,400 199.4 
2013 150,000,000,000 1,450 199.6 
2014 155,000,000,000 1,500 199.8 
2015 160,000,000,000 1,550 199.8 
2016 165,000,000,000 1,600 199.8 
2017 170,000,000,000 1,650 200 

Maximum 170,000,000,000 1,650 200 
 
 
 
highest possibility with a considerable impact at the 
Brazilian airport infrastructure. The next step consists in 
the Multiple Regressions with all the results of Monte 
Carlo Simulation and to understand probabilities to the 
sector. 
 
 
Multiple regressions 
 
The first steps consist of  the  aggregation  data  that  are 

represented in the Table 5. After this procedure the Excel 
software was used to solve the problem, considering the 
demand as the variable Y. The GDP and Cost as the 
variable X, in respect to the Equation (5). 

Figure 4 consists in the Multiple Regression Results 
after the Excel programming. 

Figure 6 consists in the Multiple Regression Results 
after the Excel programming. 

In Figures 5 and 6 it is possible to determine an 
absolutely dependence to  the  airport  infrastructure  with
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Results Summary

Regression Statistics

Multiple R 1

R-squared 1

R-adjusted squared 0.8333

Standard error 2586824.164

Observations 8

ANOVA

gl SQ MQ F Significative F

Regression 2 1.87E+26 9.36E+22 13980090198 4.28E-25

Residual 6 4.02E+13 6.69E+12

Total 8 1.87E+26

Coeficients Std error Stat t P-value 95% inferior 95% superior

Intercept 0 N/D N/D N/D N/D N/D

DGDP 99930721.41 8146.41 12266.84 1.98 99910787 99950654

Cost 25565250.76 60388.97 423.343 1.17 25417484 25713017.26  
 
Figure 4. Multiple regressions with maximum values results. 
 
 
 

Residuals Results Probability results

Observations Demand Forecast Residuals Standard residuals Percentil Demand

1 1.35E+11 2577269 1.15 6.25 1.35E+11

2 1.40E+11 928148 0.41 18.75 1.40E+11

3 1.45E+11 -720971 -0.32 31.25 1.45E+11

4 1.50E+11 -2370092 -1.05 43.75 1.50E+11

5 1.55E+11 -4019212 -1.79 56.25 1.55E+11

6 1.60E+11 -555283 -0.24 68.75 1.60E+11

7 1.64E+11 2908646 1.29 81.25 1.65E+11

8 1.70E+11 1259525 0.56 93.75 1.70E+11
 

 
Figure 5. Probability results. 
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Results Summary

Regression Statistics

Multiple R 0.9998

R-squared 0.9996

R-adjusted squared 0.832

Standard error 1906505517

Observations 8

ANOVA

Gl SQ MQ F Significative F

Regression 2 6.23E+22 3.11E+22 8567.02164 1.45E-09

Residual 6 2.18E+19 3.63E+19

Total 6 6.23E+22

Coeficients Std error Stst t P-value 95% inferior 95% superior

Intercept 0 N/D N/D N/D N/D N/D

GDP 115229899 6955570 16.5665 3.084 98210229 132249567

Cost -263051797 42628720 -6.17076 0.0008 -367360517 -158743076
 

 
Figure 6. Multiple regressions with minimum values results. 

 
 
 

Table 6. Multiple regressions with minimum values aggregate. 
 

Year Demand GDP Cost 

2010 70,000,000,000 1050 198 
2011 75,000,000,000 1100 198 
2012 80,000,000,000 1150 198.2 
2013 85,000,000,000 1200 198.4 
2014 90,000,000,000 1250 198.6 
2015 95,000,000,000 1300 198.8 
2016 100,000,000,000 1300 199 
2017 105,000,000,000 1350 199 

 
 
 
GDP behavior. A high possibility to the demand growth 
exists in correlation with economic raise and airport 
costs. Table 7 shows the final results, after all the 
simulations. 
 
 
CONCLUSIONS AND RECOMMENDATION 
 
The objective of this study is to present an integrated 
quantitative modeling for the airport infrastructure, in 
function of the available GDP, demands growth and costs 
historical series, searching for knowledge and to identify 
critical processes. After a literature review a new 
methodology is  proposed  with  Monte  Carlo  simulation 

and multiple regressions focus on quantitative analyses. 
According to the generated graphs, it is possible to 

conclude that GPD, demand and costs will have the 
highest possibility with a considerable impact at the 
Brazilian airport infrastructure. The Multiple Regressions 
identify an absolutely dependence to the airport 
infrastructure with GDP behavior. Exists a high possibility 
to the demand growth in correlation with economic raise 
and airport costs. 

The recommendation is that new studies about airport 
infrastructure should be correlated with mathematical 
models and new data, in order to have more estimations 
and for an optimum strategic direction in the sector, 
considering the private participation.  
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Residuals Results Probability results

Observation Demand Forecast ResidualsStandard residuals Percentil Demand

1 68907137600 1092862400 0.6619 6.25 1.35E+11

2 74668632526 331367474 0.2006 18.75 1.40E+11

3 80377517092 -377517091 -0.2286 31.25 1.45E+11

4 86086401658 -1086401658 -0.6579 43.75 1.50E+11

5 91795286224 -1795286224 -1.0873 56.25 1.55E+11

6 97504170790 -2504170790 -1.5166 68.75 1.60E+11

7 974551560430 2548439570 1.5434 81.25 1.65E+11

8 1.03213E+11 1786944644 1.0822 93.75 1.70E+11
 

 
Figure 7. Probability results. 
 
 
 

Table 7. Final results. 
 

Analyses Maximum Minimum 

Demand 165,000,000,000 105,000,000,000 
GDP Rise Rise 
Costs Rise Rise 
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