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Introduction
Every year more people choose air travel as their type of transport. Air travel used to be very expensive and was used only when people wanted to travel for large distances. Nowadays people fly even few hundreds kilometers to save their time and to travel with more comfortable condition. In year 2000 the growth rate of passengers was around 7.8%. Experts predict that in year 2015 will be around 9%. A big airports year services around fifty million passengers per year. They want to have enough space in waiting rooms, they do not want waiting lines to be too long. Of course more passengers mean more aircraft. . Airplanes also need space to park, and runway systems to start and land. Managers of airports try to provide people as much comfort as possible. Of course everything has a price. Airports cannot spend millions of euros for something which won’t give them profit. In this paper I will try to describe the financial situation of a generic airport. 


The goal of this project creating an airport development model concentrated on financial issues. This report describes the TUD-ADC (Technical University of Delft - Airport Development Center) organization. Chapter 1 describes the research steps in developing the first generation Airport Business Toolbox (ABS), including revenues, costs and investments. Airport Finance and Investments will be described later. Different categories of parameters which are important with calculations are discussed.  Chapter 2 describes improvements of the investment model, identifying the most important indicators of an investment, Net Present Value of the investment and Internal Rate of Return.  An example involving a new runway illustrates these  concepts. In Chapter 3 we treat the issue of uncertainty in predictions, and how uncertainty may be taken into account in investment planning. The final chapter contains conclusions and recommendations.
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 Chapter 1

Introduction to TUD-ADC


In this chapter I would like to describe generally the goal of TUD-ADC. How it was built and how it works and the most important why it was created.

The Objective of the TUD-ADC

The mission of the TUD-ADC is to conduct and apply research to help organizations in the air transport sector solve their strategic and operational problems through the development and use of tools and solutions enabled by innovative concepts and advanced technologies. 

These organizations include:

· Local, regional, national and international governments.

· Airliners and other transporters.

· Airports and air traffic control organizations.

· Handlers and Air transport-related companies.

· Organizations that have a business interest in the air transport system.

· Residents in the local area.

· Members of public interest groups.

Added Value of the TUD-ADC

The added value of the Delft Airport Development Center is linking science and technology to business and policy issues by:

· Using a problem and market orientated approach based on multi-disciplinary knowledge from all branches of science and technology.
· Applying a systems analysis framework.
· Providing advanced tools for decisions support in the changing, complex and unpredictable air transport sector.

For any system, the TUD-ADC considers the full range of stakeholders and environmental, spatial, social and economic impacts. This approach allowed the TUD-ADC to design an integrated set of tools that offer a business a way to secure and improve its competitive position under a wide variety of circumstances.

These tools developed by the TUD-ADC are comprehensive, problem orientated and customizable. They help identify solutions with better quality and lower cost than currently possible and provide information at various levels of aggregation. 
The power of the TUD-ADC tools lies on flexibility, adaptability, consistency and appropriate response time.
1.1 TUD-ADC (Technical University of Delft – Airport Development Center)


INTRODUCTION

The overall research program for the Delft Airport Development Center (TUD-ADC) envisions a range of projects, ranging from detailed projects focused on operational issues related to one small part of the air transport system to broad projects on strategic issues related to the sustainability of the entire air transport system. This project is focused on decisionmaking related to an airport system – an airport and its associated subsystems, including its airlines.

Running an airport is a business.  An airport operates in a competitive, dynamic, complex, and unpredictable environment. In order to remain successful, an airport needs information and decision support tools to help it secure its competitive position and make good business decisions quickly and at low cost.  The TUD-ADC tried to develop an integrated set of tools that can be used to help any airport generate information for decisionmaking in an efficient, effective, and consistent manner.  The tools can be used to address a wide range of issues confronting airports, both at the operational and strategic level, under a wide variety of circumstances, in situations of high uncertainty.

The TUD-ADC’s approach was to develop an integrated toolbox of generic, pre-competitive tools for airport decisionmaking. The tools were designed to be user initiated, user controlled, and easy to use interactively. They emphasize flexibility, adaptability, consistency, and appropriate response time. They also provide information at various levels of aggregation, integrate models, databases, and displays, and help users to identify solutions with better quality and lower cost than was possible before with other tools. The generic tools can then be customized to meet the specific needs and circumstances of individual airports.

The primary purpose of the tools is to support decision advisors.  These are the persons who provide airport decisionmakers with the information and advice needed to make decisions. The TUD-ADC’s tools are designed to enable them to generate and present information to the decisionmakers in such a way as to improve the basis for them to exercise their judgment.

There was no such a set of integrated, consistent tools to analyze the various facets of an airport’s business -- a wide range of operational and strategic problems at the appropriate level of aggregation. The TUD-ADC’s first set of tools is focused on this market. 

This project deals with the development of a first generation toolbox, which is aimed at gathering, modeling and integrating available knowledge on the airport as a business. After the first generation toolbox has been developed and the state- of-the-art knowledge is available within the TUD-ADC, the toolbox will become a continuously updated research and development project, carried out in close cooperation and communication with air transport businesses and other stakeholders.
RESEARCH STEPS IN DEVELOPING THE FIRST GENERATION AIRPORT BUSINESS TOOLBOX

The research plan for developing the first generation airport business toolbox is based on the integral system structure shown in Fig. 1. The lower right portion of the figure represents the airport’s demand for the transport of both passengers and freight.  This is the unconstrained primary demand, which is transformed by the airlines (based on the strategic and operational requirements of the airlines operating at the airport, including their associated aircraft and operating policies), into a desired schedule for flights at the airport. The lower middle portion of the figure represents the airport’s capacity (for a given level of quality – e.g., punctuality). The capacity is a function of its physical and operational situation (infrastructure, air traffic control procedures, etc.) and government regulations (e.g., related to noise and safety). Confronting the desired airline schedule with the capacity and quality limitations produces an actual flight schedule. 

The area above the oval representing flights is devoted to the airport’s revenue generation activities. The flight activities directly generate airport fees, indirectly generate revenues at the airport’s shops, and even more indirectly generate revenues from real estate activities (e.g., renting space within the terminal and renting facilities outside the terminal). All of these revenue sources are combined into a total turnover for the airport. Excluding a shareholder margin, the turnover is then used in two ways: (1) to pay for the operational costs of running and maintaining the airport, and (2) to acquire new facilities and infrastructure to improve the capacity and/or quality of the airport.
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Figure 1.1 – Airport business structure

Based on this conceptual framework, we built an integrated system of five models. The five models (which are identified in Fig. 2) are:

1. Demand for airport capacity (‘desired schedule’)

2. Supply of airport capacity (‘available capacity’)

3. Matching demand and supply (‘flights’)

4. Airport Turnover (‘turnover’)

5. Investments and operational costs 

Since the toolbox was expected to cover short and long term operational and strategic questions, each model is likely to have several different levels of aggregation. For example, the demand model may represent total passenger demand for some applications and divide the passenger demand among business, economy, and charter passengers for another.  The flight model might need total annual flights for some applications, a detailed peak hour flight distribution for others, and flights disaggregated by aircraft type, destination, time of day, and day of week for others. The choice of the appropriate level of aggregation depends on the problem being addressed. The models are designed so that the outputs of one model may be used as the inputs of the next model in the series. There is also a graphical user interface that made the model easy to operate and the outputs easy to understand. 
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Figure 1.2 – Models comprising the airport business toolbox

The toolbox was developed by a project organization. The project organization, which is shown in Fig. 3, consists of Steering Group, a Project Coordinator, and six project teams: one team for each model and an integration team which produced the final (first generation) toolbox. There was a team leader for each team. All team leaders were members of the Steering Group. The Steering Group was chaired by a senior member of the TBM (Faculty of Technology, Policy and Management).  In addition to the model team leaders, the Steering Group included a senior member of the LR (The Faculty of Aerospace Engineering) and the Project Coordinator.
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Figure 1.3 – Project organization

Each model is assumed to be developed by a separate modeling team.  However, in order to assure consistency and integration, the design and development of the set of models were overseen by the integration team. Day-to-day management and coordination were provided by the Project Coordinator. Strategic management was be provided by the Steering Group. 

The process of building each model was assumed to proceed through the same basic set of five steps:

1. Identify possible models

2. Review and evaluate the possibilities

3. Specify the model

4. Build and test the model

5. Document the model

Each step is briefly described below.

Step 1: Identify Possible Models
In the first phase of developing the first prototype of the toolbox, we were aiming at consistent integration of available knowledge in the models. This means that we were in this phase not aiming at finding innovative approaches for any one of the models. Each of the pieces of the system has probably been modeled previously in some manner or other. What was now innovative is the integration of the models into a consistent system and their scalability (use at different levels of aggregation). Thus, Step 1 was to scan the literature to identify the models that have been used previously for equivalent purposes, rules of thumb that have been used in the models (relationships linking the inputs to the outputs), the primary inputs and outputs, the primary drivers of the model’s outputs, and the various levels of aggregation for which models have been built in the past. Also the strength and weaknesses of the available models will be described.

For example, that step for Model 1 (available capacity) identified (among other things) the variables and relationships that could be used to estimate ATC capacity. It also identified the levels of aggregation and segmentation for the variables.

The output from this step was a broad description of the possibilities for each given model, including which types of models have been used where, for what purposes; what mistakes have been made in modeling this aspect of the airport system in the past; and recommendations for how we might proceed. 
Step 2: Review and Evaluate the Possible Models
In this step, the various possible formulations for each of the models were reviewed by members of the model team, plus a representative of the integration team. For each model, they reviewed its characteristics and potential requirements, consider a range of issues, including feasibility, complexity, consistency, and data needs, and software needs, and choose a preferred conceptual design. A cost-benefit analysis was performed for each model in order to choose the appropriate levels of detail, scenarios, and time scale to be used. The output from this step (over all of the models) was a conceptual design for the entire system of models.
Step 3: Specify Models
In this step, each of the models was designed and a plan for building it developed. The specification included the algorithms to be used, modeling assumptions, software needs, and data needs. Included was also detailed descriptions of the model’s inputs, outputs, functionality (e.g., parameters that can be varied by the user), and linkages with other models in the system. This step was performed by the model team in conjunction with the integration team.

Step 4: Build and Test Models

In this step, a first generation version of each of the models was built and tested.  This step included fitting any internal relationships needed for the model (to represent the system being modeled), creating the input database, collecting the data needed to test the validity of the model, coding the model, and testing the model. This step was performed by the model team in conjunction with the integration team.

Step 5: Document Models

In order to be useful and marketable, a set of documents were prepared for the system of models. There were three levels of documentation:

· An executive summary, which provides an overall description of the system, its characteristics, its uses, and its software, hardware, and data requirements. It provides overviews of each of the models, their capabilities, and their potential applications.

· A user’s manual, which provides step-by-step information for users concerning how to run the models and interpret the results.  It explains the assumptions underlying a model, how to initiate the model, the default parameter settings, how to change the default settings, how to select the outputs to be displayed, and what the output means. It also explains how the results can be saved for future use, and how the outputs from one run can be compared to the outputs from previous runs.

A programmer’s manual, which provides information for system developers concerning the model’s internal details and (input and output) data specifications. This enables the generic models to be customized for specific applications.
In this chapter I described briefly TUD-ADC and its goals. I showed also the structure of the Airport Business Toolbox and how the organization looks like. In the following chapter I will try to write more about ABS and how it was designed and built also about its main advantages. 
1.2 Airport Business Suite (ABS)


The conceptual design of a decision support system (DSS) tells what should happen; the rest of the project is focused on how to make it happen. Once it has been decided that a DSS will be built, but before any work is done on specifying hardware, software, or models, a conceptual design should be produced.  The design should include the following elements:

· Design principles, which guide all decisions for the remainder of the project

· Functions to be supported

· Models to provide the support, how the models would work (including inputs and outputs), and the relationships among the models (e.g., a flowchart showing interconnections)

· Data requirements (generic data; no file names or database layouts)

· Hardware and software considerations (possible hardware configurations and software capabilities, not specific equipment and languages)

· The general approach to implementation (steps to be carried out, prototyping strategy, documentation rules, responsibilities of participating organizational units, etc.)

DESIGN PRINCIPLES


The Airport Business Suite (ABS) is a computer-based system for decision support that enables advisors to an airport’s strategic decisionmakers to obtain, through a single graphical user interface, consistent information about all facets of the airport’s business now and for future situations at the desired level of aggregation. This means that the following four principles guide the design of the ABS:

· Improve the effectiveness and efficiency of producing information for airport decisionmaking

· Coordinate and integrate the decisionmaking tools
· Place the user in control

· Make the system flexible, adaptable, and easy to maintain

These principles will be elaborated upon in the following four subsections. 

Improve The Effectiveness And Efficiency Of Producing Information For Airport Decisionmaking
The ABS applied design principles articulated over the last few years by researchers and practitioners who have been involved in the development and implementation of management information systems and decision support systems. The many dimensions along which the toolbox improved on current airport planning tools include providing:

· Previously unavailable information (or information that was difficult to obtain).  This information might be anything from raw data to the implications of new business strategies.

· More timely information.

· Better ways to access, display, and understand information.

· Better tools for projecting alternative future situations and estimating the effects of alternative strategies.

· Automation of previously performed manual calculations.

· Coordination and integration of the planning process.

· Better ways to explain decisions to others (and to obtain support for those decisions).

· Better capabilities for monitoring the developments at an airport and for responding to those developments. This can include feedback to measure how well the management’s objectives are being met, methods for investigating deviations to determine their causes, and means for correcting unsatisfactory performance or adjusting plans in light of altered conditions. 

Coordinate and Integrate The Decisionmaking Tools 
The ABS consists of many interlinked computer models, planning loops involving the models, in which strategies, parameters, and constraints used in the models can be varied and their differential effects assessed, and output data files for use by all models in the system. For internal consistency and integration, at least the following characteristics are desirable. 

· A common, centralized, integrated database for the use of all of the models to ensure consistency of results. The database retains all relevant information for reports, inquiries, and input to models in an organized, systematic manner. It draws its data from several sources, both internal and external to the TUD-ADC. Information generated by one model automatically become available to all other modules requiring that information. 

· A common high-level programming language for the models to facilitate updating and maintenance. 

Place User In Control 
The ABS should not emphasize computer models more than the decision processes that it is designed to support. The ABS is built around the advisors to the decisionmakers and responsive to their needs. It meshes the analytic power and technological capabilities of the computer with the judgments, needs, and problem-solving processes of the advisors and decisionmakers -- thereby extending their capabilities, but not replacing their judgment. The end user, not an operator, is at the controls of the ABS. Through a command language he/she interacts with both an integrated database and an interlinked system of fast, flexible models. Because the user typically is not computer literate, there should be an easy to learn and easy to use graphical user interface. The user should be comfortably able to:

· request information from the database 

· change data in the database 

· specify parameters and input data for a module 

· run a model or sequence of models 

· tailor output reports (e.g. in terms of scope, level of aggregation, time period covered and format)

Use of a common platform and graphical user interface for the toolbox also serve to coordinate and integrate its many pieces. The system should also respond quickly to user requests. These activities are inherently interactive and investigative processes in which intermediate results suggest the direction for subsequent analyses. Experience with these kinds of models strongly suggests that on-line access to the models and data facilitates their most effective use and that the system should be able to provide:

· on-line access to the modules

· on-line access to the database

· facilities for the statistical analysis of data

· graphical displays

In this man machine system, the machine acts as man’s servant. If the user does not desire to adjust parameter values or specify new input data, the system supplies default values. I will describe default values later. However, the user is always able to override any of the default values. 

Make System Flexible, Adaptable, And Easy To Maintain 
The ABS is designed to be easy to modify to meet changing needs, knowledge, and situations. It is able to deal with unanticipated problems, test new strategies, and adapt as circumstances change. For the database, this means that procedures must be established for continual updating. Decision support systems often fall into disuse because the input data gradually become out of date and it is costly and inconvenient to collect the required new data on an ad-hoc basis. 

For the models, this means that they must be:

· flexible: easy to change and revise 

· reshapable: permit the use of new variables

· dynamic: amenable to revision in response to changes in the data on which they are based

This requires that they should be well documented and easily updated. Updating procedures should be incorporated in the routine maintenance of the system so that changes are made to the models to match changes in the environment. Some changes can be made automatically--e.g. changes in the input data and new parameter values that are calculated from information in the (continually updated) database. 

Flexibility and adaptability is also made easier by the use of several small, simple modules instead of a few large, complex models. The modules are able to be easily modified to analyze new situations or answer new questions in a dynamic environment. 

Another design principle that makes the system easy to update and maintain is to make the data required by the modules as easy to obtain as possible. The input data should not require extensive preparation or previous analysis and should be routinely collected by the TUD-ADC or by the customer. 
IMPLICATIONS OF THE PRINCIPLES

The principles, although traditional and obvious, have important implications for the design of the three basic components of the ABS: the model base, the database, and the user interface.

Model Base

The desire for flexibility, adaptability, and easy maintainability suggests the use of an interlinked system of many small models (a toolbox), each designed for one specific purpose, instead of a few complicated, comprehensive, large models. The toolbox approach is attractive for a variety of reasons.  In addition to mitigating the problems inherent in building a single large model, it makes it easier for users to understand (and accept) the models in the toolbox. The toolbox approach also makes it relatively easy to adapt to a wide variety of circumstances, availability of data, and types of analyses without having to incur large amounts of time, skill, and confusion in reprogramming.

The toolbox approach also makes it easier to use the ‘surgical team’ approach to writing the computer programs.  In this approach, the various modelers need to communicate about the inputs and outputs of the submodels for which they are responsible, but they do not have to understand each other’s submodels in detail. 

For purposes of describing the system and explaining its functions, the ABS was divided into five major sets of computer models. The five major sets of models are: 

1. Unrestricted demand models

2. Capacity models

3. A flight generation model

4. Revenue and cost models

5. Operation and investment models

The use of the ABS supplies users with:

· Better ways to explain (investment) decisions to others and better support for these decisions. 

· Better capabilities for monitoring the behaviour of the airport system and responding to changing conditions and circumstances in the air transport sector. This includes feedback to measure how well management's objectives are being attained, methods for investigating deviations to determine their causes, and a means of correcting unsatisfactory performance or adjusting plans in light of altered conditions

BUILDING AND IMPLEMENTING THE ABS 
Up until now I have been described issues related to the design of the ABS. This section is devoted to a discussion of how that the system was developed and implemented. The assumption was to use a process of system development that has been successfully used in many other settings. There were two main elements proposed (1) the use of a joint project team and (2) staged implementation. 
The Project Team 
The development of the ABS is a joint effort of the TUD-ADC and other external parties. 

One of the most important reasons for using a joint project team for carrying out the work was that successful implementation of a system as ambitious as the ABS requires carrying out a large number of tasks using a wide variety of skills. Only a multidisciplinary team whose members have a wide variety of knowledge and capabilities can succeed in this endeavor.

Successful functioning of a joint project team required continual interactions, good information flows, and close working relationships among the team members. This was a challenge to the ABS project team, because its members are widely separated and the TUD-ADC is a virtual organization. 

However, there were many means at our disposal to reduce the effect of this gap, including: 

· trips by team members to other locations 

· use of common computing facilities and common databases (e.g., through the ftp site)

· exchange of memos and documents by email  

· instantaneous transmission of important hardcopy material through facsimile machines 

· meetings of the Steering Group (either face-to-face or by conference calls).
Staged Implementation 
There were several ways in which the ABS could be developed. One would be to develop and implement the models one at a time, leaving consideration of their linkages until all are finished. A second would be to implement the system as a whole at one time after all the modules have been completed. We chose to follow a process that combines the best features of both approaches and avoids their negative features. It is called "staged implementation." 

In staged implementation, some modules were developed in parallel with others, and some were developed sequentially, in priority order. Use of a module can begin whenever it has reached the point that a user feels comfortable trying it. In addition to the implementation of modules one at a time, development of each model was an iterative process that includes some or all of the following: 

· conceptual design, 

· mathematical specification (which includes mathematical modeling, estimation of the parameters of the model, and validating the model using historical and hypothetical data, 

· programming a stand-alone prototype of the module, 

· testing and using the prototype for some or all of its intended functions, 

· evaluating the test, 

· revising and improving the mathematical specification (which includes adding features to the model), 

· reprogramming the models for inclusion in the system, 

· preparing and maintaining whatever historical database is needed for updating and re-estimating the model, 

· integrating the model into the system. 

All of these steps would not necessarily have been carried out for each model, and the development of each model would not necessarily involve carrying out the steps sequentially. There was a lot of iteration and feedback among the steps. For example, testing of the prototype revealed problems that returned development of the model to one of the previous three steps (even rethinking the conceptual design). 

The prototypes were likely to include some, but not all, of the features of the final versions of the models. In most cases, the inputs, outputs, and user interactions of the prototypes were very different from those planned for the final ABS. However, there were several good reasons for using them in these early versions: 

· Problems with the models would be identified and corrected early in the process  

· Users could gradually become familiar with the concepts, procedures, and models of the ABS 

During the time we had few demonstrations when the actual version of an integrated set of tools was presented.

1.3 Airport Finance and Investments


As we all know the goal of an airport like also other companies is to earn as much money as they can. An airport operates in a competitive, dynamic, complex, and unpredictable environment. There are many parameters which have influence on the final profit. Models 4 & 5 consider the economics of the airport business. Model 4 deals with revenues and costs, and Model 5 with investments. I will try to explain exactly how those three main parameters are calculated. 
1.3.1 Calculating Revenues

The airports revenues are generally functions of the yearly number of passengers, i.e. revenues = f(pax). There are nine different categories of passengers distinguished: Passengers Fees Revenues, Landing Fees Revenues, Aircraft Parking Fees Revenues, Handling Fees Revenues, Retail Revenues, Car Parking Fees Revenues, Real Estate Revenues, Utilities Revenues and Other Revenues. Each parameter is described below. First I write generally about it, and then I present a table with name, default value and its range. The models were implemented in Visual Basic. The default values and ranges are very important because when the user does not know or does not want to set exactly the value of some parameter then the program automatically takes default value. The same holds for ranges of parameters, the user is not allowed to set negative values for Number of passengers flying Origin & Destination. There are some boundary conditions which user cannot over-ride. I will also describe assumption taken in calculating the parameters. At the end I present output formula.
Passengers Fees Revenues

The airline has to pay a fee for each passenger it carries. O&D passengers will be charged a higher fee than transfer passengers. In this model, an average passenger fee will be used for O&D pax and transfer pax. This average can be calculated with the annual report of an airport.
There are two kinds of input data, data with unchangeable default value and data with changeable default value. The first kind of input data usually come from other models, where the values were calculated, the second can be specified by user or the program can use the default value.
Input data

	Input
	
	Range

	# PaxOD = Number of passengers flying Origin & Destination
	Model 1
	0 ( 200 million

	# PaxTRF = Number of passengers flying Transfer
	Model 1
	0 ( 120 million


Table 1.1 – Input data for Passengers Fees Revenues
Input data with changeable Default Values

	Input
	Default Value
	Range

	PFOD = Passenger fee Origin & Destination (€/passenger)
	10
	0 ( 20

	PF​TRF = Passenger Fee Transfer (€/passenger)
	6
	0 ( 20


Table 1.2 – Input data with changeable Default Values for Passengers Fees Revenues
Assumptions

· Half of the yearly number of pax is departing and the other half is arriving.

Output and Formula

Output

PFR = Passengers Fees Revenues (€)

Formula


[image: image4.wmf]TRF

TRF

OD

OD

PF

Pax

PF

Pax

PFR

×

×

+

×

×

=

)

(#

2

1

)

(#

2

1


where individual parameters were described before (table).


Each of the revenues parameters will be described in similar way like the first one.
Landing Fees Revenues

An airline has to pay a landing fee for each aircraft landing at that airport. The height of this fee is mainly dependent on the maximum take-off weight of the aircraft. The airport has distinguished a number of categories of aircraft size, each with a different fee. This model in principle will link with previous models with respect to the number of aircraft categories. If this number is too great, some categories will be aggregated. The airports determine the amount of the landing fee by their selves.

Input data

	Input
	
	Range

	# ACMAC n = Number of aircraft movements of aircraft category n
	Model 1
	0 ( 300,000


Table 1.3 – Input data for Landing Fees Revenues
Input data with changeable Default Values

	Input
	Default Value
	Range

	t = Number of different aircraft categories
	9
	Integer > 0

	LFAC n = Landing fee of aircraft category n 

(€/ a/c movement)
	1
	10
	0  5000

	 
	2
	20
	0  5000

	 
	3
	50
	0  5000

	 
	4
	100
	0  5000

	 
	5
	200
	0  5000

	 
	6
	500
	0  5000

	 
	7
	1000
	0  5000

	 
	8
	2000
	0  5000

	 
	9
	5000
	0  5000


Table 1.4 – Input data with changeable Default Values for Landing Fees Revenues
Assumptions

· The landing fee only depends of the aircraft type, i.e. the maximum take-off weight of an aircraft.

· Half of the yearly number of aircraft movements is departing and the other half is arriving.

Output and Formula

Output

LFR = Landing Fees Revenues (€)

Formula
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Aircraft Parking Fees Revenues

When an aircraft lands at an airport, it will also be charged for a parking fee. The height of this tariffs (a certain amount per unit of time), determined by the airport's authority, and depends on the type of aircraft parked. The duration of the aircraft parking depends on the time parked at the apron. This model includes the turnaround stand and overnight parking. From model 2-a2 the average turnaround time and the number of overnight parking aircrafts will be used. The number of aircrafts that stay over for the night is a user input variable.

Input data

	Input
	Range

	# ACM = Number of aircraft movements
	Model 1

	Rready0 = # Overnight parking aircrafts per day
	Model 2a2


Table 1.5 – Input data for Aircraft Parking Fees Revenues
Input data with changeable Default Values

	Input
	Default Value
	Range

	TAT = av. Turnaround-time (h)
	1.25
	0.0 - 4.0

	ACPF = Aircraft parking fee (€/h)
	300
	0 - 500

	ACPFAC n = Aircraft parking fee of aircraft category n (€/h)
	1
	1
	0  500

	 
	2
	2
	0  500

	 
	3
	5
	0  500

	 
	4
	10
	0  500

	 
	5
	20
	0  500

	 
	6
	50
	0  500

	 
	7
	100
	0  500

	 
	8
	200
	0  500

	 
	9
	500
	0  500


Table 1.6 – Input data with changeable Default Values for Aircraft Parking Fees Revenues
Assumptions

· In this first version of ABS one aircraft will be used. This model can be extended for different aircraft types, based on different wingspan classes.

· A night consists of six hours.

Output and Formula

Output

ACPFR = Aircraft Parking Fees Revenues (€)

Formula
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Handling Fees Revenues
Handling fees cover a wide range of fees, charged for handling services. This model covers baggage handling, catering, check-in, aircraft cleaning and tanking of fuel. On most airports, some or all of these services are subcontracted. In that case, the airport will charge the subcontractors concession fees. The percentage subcontracted handling services differs from airport to airport. In this model, first the total potential revenues of the airport are being calculated. These are the revenues, if the airport doesn't put any handling out to contract. A parameter expresses the proportion of handling done by the airport and subcontracted to others. If this parameter is 0.4 for example, the airport puts then 40% of all handling out to contract and 60% of all handling is done by itself. I.e. the airport receives 60% of the total potential handling fees revenues and receives concession fees over the remaining 40%. The airport authority determines the height of this concession fee. This concession fee is also expressed as a proportion parameter. If this parameter is, for example, 0.15 then the airport receives 15% of the handling fees revenues of subcontractors.
Input data

	Input
	
	Range

	# PaxOD = Number of passengers flying Origin & Destination
	Model 1
	0 ( 200 million

	# PaxTRF = Number of passengers flying Transfer
	Model 1
	0 ( 120 million

	# ACMAC n = Number of aircraft movements of aircraft category n
	Model 1
	0 ( 300,000


Table 1.7 – Input data for Handling Fees Revenues
Input data with changeable Default Values

	Input
	Default Value
	Range

	t = Number of different aircraft categories
	9
	Integer > 0

	r = Proportion of handling contracted out
	0.5
	0.0   1.0

	h = Height of concession fee
	0.1
	0.0  1.0

	HFBag = Baggage handling fee (€/passenger)
	2
	0  10

	HFCat = Handling fee for catering (€/passenger)
	2
	0  10

	HFChI = Handling fee for check-in (€/passenger)
	2
	0  10

	HFCle AC n = Handling fee for cleaning of aircraft category n 

(€/aircraft movement)
	1
	1
	0  500

	 
	2
	2
	0  500

	 
	3
	5
	0  500

	 
	4
	10
	0  500

	 
	5
	20
	0  500

	 
	6
	50
	0  500

	 
	7
	100
	0  500

	 
	8
	200
	0  500

	 
	9
	500
	0  500

	HFTnk AC n = Handling fee for tankering of aircraft category n 

(€/aircraft movement)
	1
	2
	0  1000

	 
	2
	4
	0  1000

	 
	3
	10
	0  1000

	 
	4
	20
	0  1000

	 
	5
	40
	0  1000

	 
	6
	100
	0  1000

	 
	7
	200
	0  1000

	 
	8
	400
	0  1000

	 
	9
	1000
	0  1000


Table 1.8 – Input data with changeable Default Values for Handling Fees Revenues
Assumptions

· Handling fee for cleaning and re-fueling depends on aircraft type.

· Half of the yearly number of aircraft movements is departing and the other half is arriving.

· Half of the yearly number of pax is departing and the other half is arriving.

· This model leaves freight handling out of consideration.

· Transfer passengers don't check-in, so they will not be charged any check-in fee.

· The proportion of handling contracted out and the height of the concession fee is the same for all handling categories.

· Only departing aircrafts will be charged for handling fees for catering. This explains the factor ½ in the formula.

Output and Formula

Output

HFR = Handling Fees Revenues (€)

Formula
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Retail Revenues

Retail revenues are those generated from direct sales and/or concessions. In this model, an average expenditure per passenger is assumed in different segments. We distinguish the following ‘pairs’ of passengers: arriving/departing, O&D/transfer, business/non-business and European Union/Non-European Union/intercontinental, abbreviated respectively with A/D, OD/TRF, Bu/NBu and EU/NEU/ICO. All possible combinations lead to 24 passenger segments (2 x 2 x 2 x 3). Each passenger in each segment will bring an average number of visitors, who also buy in the airport shops (although not tax-free).

The proportion of direct sales and concession fees will be introduced in the model in the same way as described in section Handling Fees Revenues.

Input data

	Input
	
	Range

	# Paxi = Number of passengers in segment i
	Model 1
	50 ( 200 million


Table 1.9 – Input data for Retail Revenues
Input data with changeable Default Values

	Input
	Default Value
	Range

	r = Proportion of retail contracted out
	0.5
	0.0 ( 1.0

	h = Height of concession fee
	0.1
	0.0 ( 1.0

	ai = av. Number of visitors per passenger in segment i (visitors/passenger)
	*
	0 ( 2

	PSi = av. Passengers spending in segment i (€/passenger)
	**
	0 ( 4(PSi

	VS = av. Visitors spending (€/visitor)
	2
	0 ( 5

	c = revenues from “fun-shoppers” (€)
	10 million
	0 ( 100 million


Table 1.10 – Input data with changeable Default Values for Retail Revenues
* 

	Departure
	EU
	NEU
	ICO

	OD/Bu
	0.2
	0.3
	0.4

	OD/NBu
	0.5
	0.75
	1

	TRF/Bu
	0
	0
	0

	TRF/NBu
	0
	0
	0


Table 1.11a – Number of visitors per departure passenger in segment i
	Arrival
	EU
	NEU
	ICO

	OD/Bu
	0.2
	0.3
	0.4

	OD/NBu
	0.75
	1
	1.25

	TRF/Bu
	0
	0
	0

	TRF/NBu
	0
	0
	0


Table 1.11b – Number of visitors per arrival passenger in segment i
**
	Departure / Arrival
	EU
	NEU
	ICO

	OD/Bu
	10
	20
	30

	OD/NBu
	10
	20
	30

	TRF/Bu
	10
	20
	30

	TRF/NBu
	10
	20
	30


Table 1.12 – Passengers spending in segment i
Assumptions

· Half of the yearly number of pax is departing and the other half is arriving.

· For non-European airports, another segment division may be developed, because of the distinction EU/NEU/ICO.

Output and Formula

Output

RR = Retail Revenues (€)

Formula
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with i = {A/OD/Bu/CO, D/OD/Bu/CO, ………, A/TRF/NBu/ICO, D/TRF/NBu/ICO}
Car Parking Fees Revenues

A non negligible part of airport revenues are those from car parking fees. These revenues are also a function of the number of passengers.

We distinguish the following ‘pairs’ of passengers: arriving/departing, O&D/transfer, business/non-business and continental/intercontinental, abbreviated respectively with A/D, OD/TRF, Bu/NBu and CO/ICO. The last segment represents the difference short distance/long distance. That's why we replace EU and non-EU (both short distances) from the previous section by continental.

Remark about segment OD/TRF: Transfer passengers don't lead to car parking fees revenues, because they arrive and leave by plane.

All possible combinations lead to eight passenger segments (2 x 1 x 2 x 2).

Each passenger segment has a certain division how the major parts of that segment will arrive at or leave the airport. These characteristics can be summarized in the following table. 
Table XX Modal Split division passengers behavior entering and leaving the airport
	
	by own car
	taken or

collected
	other (train, taxi, bus)
	total (an + bn + cn)

	A/OD/Bu/CO
	a1
	b1
	c1
	1

	D/OD/Bu/CO
	a2
	b2
	c2
	1

	A/OD/Bu/ICO
	a3
	b3
	c3
	1

	D/OD/Bu/ICO
	a4
	b4
	c4
	1

	A/OD/NBu/CO
	a5
	b5
	c5
	1

	D/OD/NBu/CO
	a6
	b6
	c6
	1

	A/OD/NBu/ICO
	a7
	b7
	c7
	1

	D/OD/NBu/ICO
	a8
	b8
	c8
	1


Table 1.13 – Division of passengers by type of transport
Note: only proportion coefficients in the blue and green cells lead to car parking fees revenues. Passengers entering the airport by own car and thus leaving the airport by own car, only have to pay car parking fee when leaving the airport.

Blue cells mean short-term parking and green cells long-term. Important note is that arriving pax (A) are the pax who arrive by airplane and thus are going to leave the airport!
Input data

	Input
	
	Range

	# Paxi = Number of passengers in segment i
	Model 1
	50 ( 200 million


Table 1.14 – Input data for Car Parking Fees Revenues
Input data with changeable Default Values

	Input
	Default Value
	Range

	r = Proportion of car parking contracted out
	0.5
	0.0  1.0

	h = Height of concession fee
	0.1
	0.0  1.0


Table 1.15 – Input data with changeable Default Values for Car Parking Fees Revenues

	 
	Input
	ai
	bi
	fi
	gi
	pi
	qi

	 
	Range
	0.0  1.0
	0.0  1.0
	0  240
	0  2
	0  1.5
	0  4

	 Default Value per category
	1
	0.6
	0.2
	12
	1
	1.5
	4

	
	2
	0.6
	0.2
	12
	1
	1.5
	4

	
	3
	0.1
	0.5
	120
	2
	1
	3

	
	4
	0.1
	0.5
	120
	2
	1
	3

	
	5
	0
	0.4
	36
	1
	1.5
	4

	
	6
	0
	0.4
	36
	1
	1.5
	4

	
	7
	0
	0.8
	240
	2
	1
	3

	
	8
	0
	0.8
	240
	2
	1
	3


Table 1.16 – Proportion of passengers in segment i arrived at or left the airport by different type of transport
Where:

· ai = Proportion of passengers in segment i arrived at or left the airport by own car

· bi = Proportion of passengers in segment i collected from or taken to the airport

· fi = av. Parking time for passengers in segment i arrived at or left the airport by own car (h/passenger)

· gi = av. Parking time for passengers in segment i collected from or taken to the airport (h/passenger)

· pi = Parking fee for passengers in segment i arrived at or left the airport by own car (€/h)

· qi = Parking fee for passengers in segment i collected from or taken to the airport (€/h)

* The coefficients f and g aren’t necessary different for all segments i. One can imagine that all collected passengers will park average one hour per passenger. Because passengers who arrive at the airport by own car don’t already have to pay, all coefficients fi equal zero, when segment i concerns departing passengers.

** The coefficients p and q can be the same for different i. This is the case when, for example, only two parking fees are assumed, such as a short-term and a long-term tariff.

Assumptions

· Taxi, bus and railway companies will not have to pay concessions for resp. taxi ranks, bus stops and a railway-station.

Output and Formula

Output

CPFR = Car Parking Fees Revenues (€)

Formula
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with i = {A/OD/Bu/CO, D/OD/Bu/CO, A/OD/Bu/ICO, D/OD/Bu/ICO, A/OD/NBu/CO, 

D/OD/NBu/CO, A/OD/NBu/ICO, D/OD/NBu/ICO}
Real Estate Revenues

The real estate revenues can be divided into income from hotels and from offices. This model covers a high and a low office rent, because Schiphol has such a price policy for Schiphol Centrum and Schiphol Oost and we assume all airports to have this bipartition.

Input data

	Input
	
	Range

	# OAHR = Total office area with high rents (m2)
	1000
	0 ( 10,000

	# OALR = Total office area with low rents (m2)
	1000
	0 ( 10,000

	# HB = Number of hotel rooms
	60
	0 ( 500


Table 1.17 – Input data for Real Estate Revenues

Input data with changeable Default Values

	Input
	Default Value
	Range

	r = Proportion of real estate contracted out
	0.5
	0.0 ( 1.0

	h = Height of concession fee
	0.1
	0.0 ( 1.0

	gOA = occupancy of office area
	0.8
	0.0 ( 1.0

	gHB = occupancy of hotel beds
	0.8
	0.0 ( 1.0

	HR = av. high rent for one m2 office area (€/m2)
	408
	0 ( 1000

	LR = av. low rent for one m2 office area (€/m2)
	216
	0 ( 500

	b = av. price for one room (€/room)
	150
	0 ( 300


Table 1.18 – Input data with changeable Default Values for Real Estate Revenues

Assumptions

· Two different average rents. A high rent for the offices at the top location and a low rent for the offices at the secondary location (f.e. Schiphol has Schiphol Centrum and Schiphol Oost).

· Car parking fees from hotel visitors and from office employees are included in the price of a hotel room and the price per m2.

Output and Formula

Output

RER = Real Estate Revenues (€)

Formula
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Utilities Revenues

The airport recharges tenants for services such as electricity, water and so on, so called utilities. These charges aren’t included in any rent or concession fee. Since the airport can sell these utilities against a higher price than the cost price, it can earn profit on these recharges.

Input data

	Input
	
	Range

	a = Total airport area used by third parties (m2)
	7000
	0 ( 20,000

	u = Selling price of one squarer meter utility (€/m2)
	0.10
	0.10 ( 0.25


Table 1.19 – Input data for Utilities Revenues

Input data with changeable Default Values

	Input
	Default Value
	Range

	r = Proportion of utility services contracted out
	0.5
	0.0 ( 1.0

	h = Height of concession fee
	0.1
	0.0 ( 1.0


Table 1.20 – Input data with changeable Default Values for Utilities Revenues

Assumptions

Output and Formula

Output

UR = Utilities Revenues (€)

Formula
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Other Revenues

This general revenue item is a fixed percentage of the total revenues. Advertising income is an example of ‘other revenues’.

Input

	Input
	
	Range

	TR = Total revenues (€)
	Model 4
	--


Table 1.21 – Input data for Other Revenues

Input with changeable Default Values

	Input
	Default Value
	Range

	c = Proportion of other revenues
	0.11
	0.0 ( 0.25


Table 1.22 – Input data with changeable Default Values for Other Revenues

Assumptions

· According to Doganis [reference], the other aeronautical and non-aeronautical revenues add up to 11% of the total revenues.

Output and Formula

Output

OR = Other revenues (€)

Formula
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Total Revenues

The total revenues are the sum of the outputs of the previous sections.

Output and Formula

Output

TR = Total Revenues

Formula
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1.3.2 Calculating Costs

The airports fixed costs are generally functions of the capacity, i.e. fixed costs = f(capacity). The variable costs are generally functions of the revenues.

In The Airport Business [Doganis, 1992] we found an average cost structure for Western-European airports. This cost structure is converted to functions of fixed and variable costs, respectively functions of capacity and revenues.

42%
Employee costs


f(capacity, revenues)

22%
Depreciation and interest costs
f(capacity)

9%
Maintenance costs


f(capacity)

12%
Service costs



f(capacity, revenues)

4%
Administration costs


f(capacity, revenues)

11%
Other operational costs

f(total costs)

Further more in this model there is an extra category included namely Retail Costs.


Now I will describe main costs parameters, they will be presented in the same way like main revenues parameters.
Employee costs

The employee costs consist of a fixed and a variable part. The variables are the number of pax and aircraft movements. The variable costs are then the employee costs for retail, handling and the car park.

Input

	Input
	
	Range

	# m2 CP = Total car park area (m2)
	40,000
	0 ( 100,000

	# RWS = Number of runway systems
	(Model 2) 2
	1 ( 5

	# Pax = Number of passengers
	Model 1
	--

	# ACM = Number of aircraft movements
	Model 1
	--


Table 1.23 – Input data for Employee costs
Input with changeable Default Values

	Input
	Default Value
	Range

	a = Employee costs for one m2 car park area (€/m2)
	5
	0 ( 10

	d = Employee costs for one runway system (€)
	1 million
	0 ( 2 million

	e = Employee costs per passenger (€/passenger)
	1
	0 ( 2

	f = Employee costs per aircraft movement 

(€/aircraft movement)
	100
	0 ( 200

	r = Proportion of operations contracted out
	0.5
	0 ( 1.0


Table 1.24 – Input data with changeable Default Values for Employee costs
Assumptions

· No distinction is made between different aircraft types.

· Employee costs of real estate are negligible.

· The parameter r is an average for all employee costs.

Output and Formula

Output

EC = Employee Costs (€)

Formula
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Depreciation costs 

All capital will yearly be depreciated with a certain percentage of the purchase price. 

Input

	Input
	
	Range

	# m2 CP = Total car park area (m2)
	40,000
	0 ( 100,000

	# m2 OA = Total office area (m2)
	Model 2
	--

	# m2 Ter = Total terminal area (m2)
	(Model 2) 8000 
	0 ( 20,000

	# RWS = Number of runway systems
	(Model 2) 2
	1 ( 5


Table 1.25 – Input data for Depreciation costs
Input with changeable Default Values

	Input
	Default Value
	Range

	a = Purchase price for one m2 car park area (€/m2)
	100
	0 ( 200

	b = Purchase price for one m2 office area (€/m2)
	2000
	0 ( 4000

	c = Purchase price for one m2 terminal area (€/m2)
	2000
	0 ( 4000

	d = Purchase price for one runway system (€)
	200 million
	0 ( 400 million

	kCP, kOA, kTer, kRWS = Depreciation percentage for resp. car park, office area, terminal area and runway system 
	kCP
0.1

kOA
0.1

kTer
0.1

kRWS
0.05


	0.0 ( 1.0


Table 1.26 – Input data with changeable Default Values for Depreciation costs
Assumptions

Output and Formula

Output

DC = Depreciation Costs (€)

Formula
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Maintenance costs

The maintenance costs are fully a function of the capital. These costs exclude the staff element (according to Doganis [reference]).

Input

	Input
	
	Range

	# m2 CP = Total car park area (m2)
	40,000
	0 ( 100,000

	# m2 OA = Total office area (m2)
	Model 2
	--

	# m2 Ter = Total terminal area (m2)
	(Model 2) 8000 
	0 ( 20,000

	# RWS = Number of runway systems
	(Model 2) 2
	1 ( 5


Table 1.27 – Input data with for Maintenance costs
Input with changeable Default Values

	Input
	Default Value
	Range

	a = Maintenance costs for one m2 car park area (€/m2)
	10
	--

	b = Maintenance costs for one m2 office area (€/m2)
	200
	--

	c = Maintenance costs for one m2 terminal area (€/m2)
	200
	--

	d = Maintenance costs for one runway system (€)
	20 million
	--


Table 1.28 – Input data with changeable Default Values for Maintenance costs
Assumptions

· Maintenance will not be contracted out.

Output and Formula

Output

MC = Maintenance costs (€)

Formula
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Utility Service costs

The service costs consist of a fixed and a variable part. The fixed part consists of the service costs for water, electricity and so on, which are fully to the account of the airport. The variable service costs are those that will be recharged to tenants and thus are a function of the utilities revenues.

Input

	Input
	
	Range

	a = Total airport area used by third parties (m2)
	7000
	0 ( 20,000

	# m2 Ter = Total terminal area used by the airport itself (m2)
	Model 2
	--

	u = Selling price of one squarer meter utility (€/m2)
	0.10
	0.10 ( 0.25


Table 1.29 – Input data for Utility Service costs
Input with changeable Default Values

	Input
	Default Value
	Range

	r = Proportion of utility services contracted out
	0.5
	0.0 ( 1.0

	w = Profit margin on recharge of utilities
	0.2
	0.0 ( 1.0


Table 1.30 – Input data with changeable Default Values for Utility Service costs
Assumptions

· A profit margin of 20% on the recharge of services.

· Runway systems and car park don’t consume utility services. Only terminal area (including office area for airport authorities) and office area (for rent for third parties) do.

Output and Formula

Output

SC = Service costs (€)

Formula
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Retail costs

The cost price of all sold retail products comes under retail costs. The products will be sold with a certain profit margin. This profit is not the net profit on retail, because costs such as employee costs etc. have to be subtracted.

Input

	Input
	
	Range

	s = Potential retail revenues (€)
	Model 4
	--


Table 1.31 – Input data for Retail costs
Input with changeable Default Values

	Input
	Default Value
	Range

	r = Proportion of retail contracted out
	0.5
	0.0 ( 1.0

	w = Profit margin on retail
	0.2
	0.0 (1.0


Table 1.32 – Input data with changeable Default Values for Retail costs
Assumptions

Output and Formula

Output

RC = Retail costs (€)

Formula
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Administration costs

The administration costs are overhead costs and we assume these costs to be the sum of a fixed part and a fixed percentage of the total revenues.

Input

	Input
	
	Range

	TR = Total revenues (€)
	Model 4
	--


Table 1.33 – Input data for Administration costs
Input with changeable Default Values

	Input
	Default Value
	Range

	a = Proportion of administration costs
	0.04
	0.0 ( 1.0

	f = Fixed administration costs (€)
	0
	0 ( 40 million


Table 1.34 – Input data with changeable Default Values for Administration costs
Assumptions

· According to Doganis, the administration costs contribute four percent of the total costs.

Output and Formula

Output

OC = Administration costs (€)

Formula
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Other operational costs

This general cost item is a fixed percentage of the total costs

Input

	Input
	
	Range

	TC = Total costs (€)
	Model 4
	--


Table 1.35 – Input data for Other operational costs
Input with changeable Default Values

	Input
	Default Value
	Range

	c = Proportion of other operational costs
	0.11
	0.0 ( 1.0



Table 1.36 – Input data with changeable Default Values for Other operational costs
Assumptions

· According to Doganis, the other operational costs contribute eleven percent of the total costs.

Output and Formula

Output

OOC = Other operational costs (€)

Formula
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Interest Costs

The item interests costs, consist of the interest paid over the loans, needed for the purchase of capital. To determine these costs, a financing model is written out. 
Input

	Input
	
	Range

	DeCt-1 = Dept Capital in the reference year [year t] (€) 
	500 million
	0 ( 2 billion

	LRt-1 = Liquid resources in the reference year [year t] (€) 
	100 million
	0 ( 1 billion

	Int = Investments next year [year t+1] (€) 
	Model 5
	--

	TRt = Total revenues next year [year t+1] (€) 
	Model 4
	--

	DCt = Depreciation costs next year [year t+1] (€) 
	Model 4
	--

	TCt = Total costs next year [year t+1] (€) 
	Model 4
	--


Table 1.37 – Input data for Interest costs
Input with changeable Default Values

	Input
	Default Value
	Range

	a = certain percentage leading to the amount of redeemed loans next year [year t+1] (%) 
	0.1
	0 ( 0.2

	b = percentage of interest next year [year t+1] (%) 
	0.05
	0 ( 0.1


Table 1.38 – Input data with changeable Default Values for Interest costs
Assumptions

· All parameters are derived from a basic balance sheet model (see appendix 2: Basic balance sheet)

Output and Formula

Output

IC = Interest Costs (€)

Formula
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Total costs 

The total costs are the sum of the outputs of the previous sections.

Output and Formula

Output

TC = Total costs (€)

Formula
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1.3.3 Calculating Investments

An airport will invest each year a certain amount in capital. Investments are usually high expenditures and it’s therefore very important to make an investment well considered. Airport investments often are the result of the strategy and policy executed by the airport authorities.

The total amount of investments can be divided into replacement investments and expansion investments. The replacement investments will be discussed in the first section and the expansion investments in the second.

Now I will describe main investments parameters, they will be presented in the same way as main revenues parameters and costs parameters.
Replacement investments

Replacements investments are assumed to be equal to the depreciation costs as calculated in model 4.

Input data
	Input
	
	Range

	DC = Depreciation costs (€)
	Model 4
	--


Table 1.39 – Input data for Replacement investments

Output and Formula
Output
RI = Replacement Investments (€)

Formula
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Expansion investments

An airport will expand to handle the growth of passengers. The expansions concerns investments in:

· Car park (for pax and their visitors, employees of airport, employees of rented offices and hotel visitors)

· Real estate (offices for rent, hotels, site purchase)

· Terminal buildings (pax, handling, retail, offices airport)

· Runway system (runway, a/c parking places etc.)

Investments to increase (one of) these four categories are a function of the increase in passengers (and their visitors), increase in airport employees, increase in employees of rented offices and hotel visitors)

But there are also exogenous parameters, such as strategy and policy. Investments in real estate and runway systems for example will not only depend of the increase of passengers but also of the executed policy.

An airport will not expand every category, mentioned above, every year. There is, for example, no need to build a new runway system every year. In this model, a yearly investment is reserved and the airport can fully or partially use this reservation. If a new runway has to be built, the remaining reservations of previous years can be utilized. The expansion investments are therefore generally assumed to be proportional with the yearly increase of passengers.
Input data
	Input
	
	Range

	# Paxt+1 = Number of passengers in year t+1
	Model 1
	--

	# Paxt = Number of passengers in year t
	Model 1
	--

	FA = Fixed assets (€)
	1100 million
	0 ( 5 billion


Table 1.40 – Input data for Expansion investments
Input data with changeable Default Values
	Input
	Default Value
	Range

	a = Proportion of investment with respect to passengers growth
	1
	0.0 ( 1.0


Table 1.41 – Input data with changeable Default Values for Expansion investments
Output and Formula
Output
EI = Expansion Investments (€)

Formula
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Total investments
The total investments are the sum of the replacement and expansion investments.

Output and Formula
Output
TI = Total Investments (€)

Formula
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1.3.4 Categories of parameters


In both models we can distinguish three kinds of parameters: system, scenario and policy parameters. My goal was to identify them and categorized them.

System parameters are constant for a specific airport and user or decision maker cannot change them (total office area, dept capital in previous year).

Parameters which depend on specific situation like average hotel bed occupancy or average office occupancy are called scenario parameters. Those parameters user of decision maker has to specify once.

The Decision maker or user can change policy parameters which have influence on the whole balance sheet.


Diagram below presents parameters in model 5:


[image: image26.emf]02'(/��

,19(670(176

287387

� 5HSODFHPHQW�LQYHVWPHQWV

� ([SDQVLRQ�LQYHVWPHQWV

� ,QWUHVW�FRVW

� 7RWDO�LQYHVWPHQWV

� %DODQFH�VKHHW

6&(1$5,2�3$5$0(7(56

32/,&<�3$5$0(7(56

� 3URSRUWLRQ�RI��LQYHVWPHQW

ZLWK�UHVSHFW�WR�SDVVHQJHUV

JURZWK

6<67(0

3$5$0(7(56

� )L[HG�DVVHWV

� %DODQFH�VKHHW�W�

02'(/��

� 'HSUHFLDWLRQ�FRVWV

02'(/����OLVW�IRU�VHYHUDO�\HDUV

� 1XPEHU�RI�SDVVHQJHUV�LQ�\HDU�W

� 1XPEHU�RI�SDVVHQJHUV�LQ�\HDU�W��


Figure 1.4 – Parameters in model 5
 We can see that model 5 is quite simple. It gets the value of depreciation costs which are one of the output parameter of model 4 and also numbers of passengers in previous and current year. User has an impact on the value of proportion of investment. In each run of the model he or she can change that value with respect to passengers’ growth. This parameter is one of the most important in model 5. User knowing current situation on the market can decide about its value. For example if there is an economic growth, the user can decide to invest more into a new buildings or an extra runaway system. If there is a recession he or she can postpone an investment.
Similar diagram for model 4:
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Figure 1.5 – Parameters in model 4

We can easily notice that model 4 is much more complex. This causes us to think about improving investments model. This will be described in following chapter.

Chapter 2

Improving of Investment Model (Model 5) 


We could see in the previous chapter that the whole financial model is very complicated. We could notice also that the bottle neck of that structure is model 5 which is much simpler then model 4. That caused us to think about improving investment model. 
2.1 Demand and capacity extension 


Observing a market we can notice that from one year to another year more and more people want to fly. Air travel is becoming cheaper. Nowadays air transport is the fastest way of traveling, and therefore demands of the airports also are increasing. Big airports handle millions of passengers every year. They have to have places to wait and check-in. Increasing numbers of passengers require more aircrafts, aircrafts which in turn need more space to park, more runaway systems and so on. Airport’s managers must increase the capacity of the airport. Usually they consider building a new runaway system, bigger parking places, new offices, new buildings or expanding check-in area.
2.1.1 Planning of the investment


From the picture below we can see how the investment is planned. The horizontal axis shows time and the vertical axis shows capacity (either demanded or supplied). The supply capacity is a step function whereas the capacity demand increases smoothly. 
      
[image: image28]
Figure 2.1 – Demand and Capacity of an airport
It is very important to choose the right moment in time for investment. If an investment would be done too early then money would be lost, because we would have to wait till too long until the invested money gives the profit. If an investment would be done too late then we would experience an overload of the airport. This can cause loss of market share as passengers change their behavior to avoid inconvenience. The best time is just before overloading the capacity.

Of course the investment does not give profits immediately for the airport. There will be a period of time when the old capacity will be still enough to handle the number of passengers. It won’t give any profit until the time when capacity demand exceeds the level of the capacity before investment time. 
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Figure 2.2 – Profit of the investment

The area between the lower horizontal line and dotted curve tells how much money the airport can earn thanks to the investment. We can see that the profit of the airport in first period after investment is very small or even equal zero. After few years it grows up till the moment when the new capacity of the whole airport will be reached.


Before each big investment there are many calculations to be done. Managers or owners of the airport are interested if their ideas are good, if the investment will bring sufficient profits. One way to investigate this is check the Net Present Value of the investment. Another way is to check the Internal Rate of Return (IRR) of the investment. The Net Present Value and Internal Rate of Return are two most important indicators of the investment. I will describe these parameters and I will show you the calculation in next chapters.


I will describe that on my example which was called ADP2020 (Airport Development Plan for year 2020).
2.1.2 Net Present Value
In the Airport Development Plan for year 2020 building a new runaway system was assumed. So, I was interested if this idea will bring profits and of course how big they will.

The first idea is to use Net Present Value (NPV). NPV is one of the important measures of invested money. NPV calculates the net present value of an investment by using a discount rate and a series of future payments (negative values) and income (positive values). In simple words NPV gives the value of money which the investor would earn making the investment.


Generally the NPV value is a function of Total Revenues, Total Costs and Total Depreciation. These three values were calculated in chapter 2. 


The NPV is calculated with the following formula:
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where:


FCF - 
Free Cash Flow (Revenues – Cost + Depreciation)

k      - 
Discount rate 

t       - 
Year

N     - 
Depreciation period

I0       - 
Initial investment

The value of free cash flow for each year taking the result for appropriate value of total revenues and costs for each year calculated in Airport Business Suite was able to calculate. To not taking a random run from ABS so we decided to take an average from several runs for each year. Since the outputs were close to each other thirty runs from each year were taken to obtain an average for that year.
Also for each year I the depreciation value was needed. I obtained it by taking total depreciation calculated from formula in chapter 2 and divided by number of years. In this case Depreciation period is equal 20 years, because we wanted to check the NPV value between year 2000 and 2020.


General agreement among financial institutions in the Netherlands exists on the discount rate value and it is assumed to be about 10%. This is the value which experts in the Netherlands give for last few years and for the next few years. 
The Airport Development Plan assumed building a new runaway system and its cost is the initial investment I0. Value of I0 was also given be airport business experts and is equal 250 million euro.


The calculation of NPV encountered the following problem.  We needed to calculate the values of total revenues and total costs between years 2000 and 2020, but ABS is programmed to calculate all parameters including revenues and costs only till year 2015. This was addressed by plotting values of revenues and costs versus time for first 15 years and finding a function which approximates the data. I used Matlab program to obtain this.
First, the second order polynomial function was used, the results were quite good, but to be sure that the results are really appropriate the third order polynomial function was used. Below you can see that it worked very well.


The red stars show values adequately of revenues and costs. The green line is fitted polynomial function. We can see that the approximation is very good. Using that function the values of the revenues and costs between years 2016 and 2020 were able to calculate.
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Figure 2.3 – Revenues fitted with polynomial function
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Figure 2.4 – Costs fitted with polynomial function

Then another problem occurred. Like it was written before the important thing during calculations NPV is to take into account only that part of the profit which is generated thanks to chosen investment. The ABS software calculates each year automatically taking some part from turnovers to investment for the next year. There is no way to obtain the value of total revenue or cost without investment. The values of revenues and cost after investment are known, but we would like to know the difference between values of revenues and cost before and after investment. 
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Figure 2.5 – Capacity and Demand of the Base Year

Since we were not able to get the value of that difference, it was decided to use a factor alpha. Factor alpha is a percentage amount of the values of revenues and costs from the total values of revenues and costs. In other words this factor tells us how many of the total revenues and costs were generated thanks to chosen investment. The expert advised to use 30% as the alpha factor. Alpha factor has been assumed to be equal 30% on the basis of historical data and knowledge. Knowing that factor we could start calculation of NPV.

First we obtained values for the first fifteen years and then we used that polynomial function to get values for years between 2016 and 2020. Results you can see in the table below:
	Year
	Revenues
	Costs

	2001
	624767000
	474533000

	2002
	680090000
	515945000

	2003
	740392000
	561084000

	2004
	806121000
	610286000

	2005
	877765000
	663916000

	2006
	955858000
	722372000

	2007
	1040979000
	786090000

	2008
	1133760000
	855542000

	2009
	1234892000
	931245000

	2010
	1345126000
	1013761000

	2011
	1465282000
	1103703000

	2012
	1596251000
	1201740000

	2013
	1739007000
	1308601000

	2014
	1894611000
	1425079000

	2015
	2064220000
	1552040000

	2016
	2245200000
	1687500000

	2017
	2441700000
	1834600000

	2018
	2653300000
	1993000000

	2019
	2880900000
	2163400000

	2020
	3125200000
	2346200000



Table 2.1 – Average of total revenues and total costs
After that all those values were multiplied by the factor of 30%. Later they were discounted all values to the base year 2001. Then the value of free cash flow (FCF) was able to calculate. Knowing depreciation costs for each year which was equal total depreciation divided by the number of years the NPV value was obtained.
	Year
	Discounted Revenues
	Discounted Costs
	Depreciation
	FCF (R-C+D)

	2001
	170391000
	129418090,9
	1100000
	42072909,09

	2002
	168617355,4
	127920247,9
	1100000
	41797107,44

	2003
	166880240,4
	126465214,1
	1100000
	41515026,3

	2004
	165177446,9
	125050064,9
	1100000
	41227382,01

	2005
	163506901,5
	123671880,3
	1100000
	40935021,2

	2006
	161867076,6
	122328048,5
	1100000
	40639028,01

	2007
	160256047,4
	121016539,5
	1100000
	40339507,88

	2008
	158672222,2
	119734997,1
	1100000
	40037225,09

	2009
	157114426,8
	118481636
	1100000
	39732790,86

	2010
	155581290,8
	117254625,2
	1100000
	39426665,63

	2011
	154071720,6
	116052350,5
	1100000
	39119370,1

	2012
	152584428,4
	114873419,7
	1100000
	38811008,76

	2013
	151118515,2
	113716529,1
	1100000
	38501986,11

	2014
	149673087,3
	112580352,2
	1100000
	38192735,15

	2015
	148247356,8
	111463810,9
	1100000
	37883545,95

	2016
	146586280,7
	110174750
	1100000
	37511530,71

	2017
	144923198,4
	108889748,9
	1100000
	37133449,55

	2018
	143165798,2
	107537570,5
	1100000
	36728227,69

	2019
	141315051,2
	106119956,2
	1100000
	36295095,03

	2020
	139362319,9
	104624304
	1100000
	35838015,87


Table 2.2 – Calculation of Net Present Value
where

	alpha
	Initial investment
	Total depreciation

	30%
	250000000
	22000000


Table 2.3 – Values of alpha, Initial Investment and Total depreciation
Finally we got the value of the Net Present Value of the investment.

	NPV
	91661729


Table 2.4 – Value of Net Present Value

We can conclude that the idea of building a new runaway system taking into account our assumption would bring the airport net profit of 91,661,729 euros.

Of course the problem with this kind of indicator is that it gives us only an amount of money, it doesn’t tell us anything about percentage of the profit. Therefore the second very important indicator is Internal Rate of Return (IRR). A method of calculation that value will be described and demonstrated in the following chapter.
2.1.3 Internal Rate of Return
The Internal Rate of Return is the interest rate received for an investment consisting of payments (negative values) and income (positive values) that occur at regular periods. In simply terms it gives us a value in per cents, which tells us how much we would earn when we would chose the investment. Of course from the value of IRR we have to subtract the discount rate which in the Netherlands is around 10%.


The value if Internal Rate of Return can be calculated using formula for NPV. We can assume NPV to be equal the value of initial investment
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then from the following formula we can obtain the value of IRR:
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where:


FCF - 
Free Cash Flow (Revenues – Cost + Depreciation)

t       - 
Year

N     - 
Depreciation period
I0       - 
Initial investment
The values of FCF for each year were calculated in previous chapter and are shown in table below:
	Year
	FCF

	2001
	42072909

	2002
	41797107

	2003
	41515026

	2004
	41227382

	2005
	40935021

	2006
	40639028

	2007
	40339508

	2008
	40037225

	2009
	39732791

	2010
	39426666

	2011
	39119370

	2012
	38811009

	2013
	38501986

	2014
	38192735

	2015
	37883546

	2016
	37511531

	2017
	37133450

	2018
	36728228

	2019
	36295095

	2020
	35838016


Table 2.5 – Values of FCF for each year

and the value of initial investment 

	Initial investment
	250000000


Table 2.6 – Values of Initial investment
Then  the value of IRR was obtained:

	IRR
	15.25%


Table 2.7 – Values of Internal Rate of Return

In other words the part of that value which is above the discount rate is treated as the profit of the chosen investment. The experts on this field say that if the IRR value is more then 4%-5% above the discount rate then is worth to make investment. So, we can conclude that it is a good idea to invest in building the new runaway system.

It is important to check how the factor alpha influences on the value of IRR. Values between 10% and 50% were checked and following results were obtained:

	alpha
	IRR

	10.00%
	1.00%

	15.00%
	5.00%

	20.00%
	9.00%

	 25.00%
	12.00%

	30.00%
	15.00%

	35.00%
	18.00%

	40.00%
	21.00%

	45.00%
	24.00%

	50.00%
	27.00%


Table 2.8 –Influences of alpha on the value of IRR

From the following graph we can see that the relation between IRR and factor alpha is quite linear:
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Figure 2.6 – Plot of IRR value versus alpha
Since the experts gave the advice to use 30% as the alpha, also the values between 20% and 40% were checked. The relation between those two values on that interval is shown in the table below:

	alpha
	IRR

	20.00%
	9.00%

	21.00%
	9.51%

	22.00%
	10.18%

	23.00%
	10.84%

	24.00%
	11.50%

	25.00%
	12.14%

	26.00%
	12.77%

	27.00%
	13.40%

	28.00%
	14.03%

	29.00%
	14.64%

	30.00%
	15.25%

	31.00%
	15.86%

	32.00%
	16.46%

	33.00%
	17.06%

	34.00%
	17.65%

	35.00%
	18.25%

	36.00%
	18.83%

	37.00%
	19.42%

	38.00%
	20.00%

	39.00%
	20.58%

	40.00%
	21.00%


Table 2.9 –Influences of alpha on the value of IRR in the interval between 20% and 40%

The plot of IRR and alpha is on the graph below:
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Figure 2.7 – Plot of IRR value versus alpha in interval between 20% and 40%
As it was written before it looks like the relation between the values seems to be linear. We tried to calculate the coefficients of the line. After calculation it was quite easy to notice that the relation can be approximated with the linear function:
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The result of approximation you can see below:
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Figure 2.8 – Approximation of IRR vs. alpha with linear function

Since the most important part is around the value of alpha equal 30% we can conclude that it is very good approximation.


I showed and described you two most important indicators of the investment. Each of them has advantages and disadvantages. One gives us only the amount the second only the percentile value, but when we use both of them we can get more information about our investment planning. 


Of course we can be uncertain about our calculations. We would like to know how much the values can vary. That will be my goal in the next chapter. I will try to describe you how I found the distribution of the Net Present Value.
3. Distribution of Net Present Value

Uncertainty analysis is aimed to better understand systems with random inputs. This randomness is propagated to the output of the system. Therefore the output is not deterministic anymore but is uncertain. Of course our model is such an uncertain system due to randomness of some input parameters like the number of passengers, passengers’ fee, etc. 

In previous chapter NPV and IRR indicators were described. People are interested how much the NPV can vary, what is the mean value of it and so on. One way to get know about that is to find a distribution of NPV value. Now we will show you and describe how I found the distribution of one of the most important indicator.

3.1 Calculation


 ABS software includes 5 sub models. First model deals with desired schedule without any constrains, that means we assume that the generic airport can handle as many passengers as want. One of the most important parameter in that model is the passengers’ growth rate. We all know that year by year the number of people at airports increases. Passengers’ growth rate is so important because everything else depends on it. The bigger this growth rate is the more often airports have to improve their facilities, arrange more flights, build new runaway systems etc. Of course the more passengers the more money is around. People spend millions of euros for tickets, souvenirs or food. 


In the first chapter we could see all dependencies between parameters. We also know that if the passenger growth rate increases then also total revenues and total costs are higher. Free Cash Flow depends mainly from revenues and costs (because in our calculation depreciation is a fixed value), so there is relation between passenger’s growth rate and Free Cash Flow. Below we can see the formula for Free Cash Flow:
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We are looking for a distribution of the Net Present Value. One way to obtain it is to use values of FCF calculated in previous chapter (Table 2.2). To do this we have to know the distribution for FCF in each year, like also parameters of the distribution. The Expert’s advice was to use normal distribution for each year with mean equal to the value from Table 2.2. We assumed also that 5th quintile is equal the mean value minus 10% and similar for 95th quintile is equal the mean value plus 10%. With those assumptions and following formula for NPV we could obtain the distribution for the Net Present Value.
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We also wanted to check two possibilities, first when there is no correlation between the values of FCF from different years, and second assuming that the values are somehow correlated. Actually it is hard to even guess if there is some correlation between those values. Some experts say that the market is too difficult to predict the future, but from the other hand we can notice some relation between market growths. For example there are such a phenomenon’s like bull market (hossa) and bear market (bessa). If lets say two years in a row the market is going better and better in some field we can suppose that the next year will be also good, and the other way around. Then we can say about correlation between following years. Therefore we decided to check both cases.

3.1.1 Calculation with no correlation between FCFs.
The first idea was try to find a distribution of NPV assuming that the FCF values from different years are independent. The best way was to use the Unicorn and implementing all values of FCF and also attribute the distribution to each value of it. The most important advantage of Unicorn is that we can use more then one sample in one run. I used 100000 samples in one run to obtain the results. This is really powerful tool if we want to deal with similar problems. To simplify the calculation each value is in millions. 

The mean values and variance of Free Cash Flow we can in the table below:

	Nr.
	Variable
	Mean
	Variance

	I1
	fcf1
	4.20E+001
	5.88E+000

	I2
	fcf2
	4.20E+001
	5.83E+000

	I3
	fcf3
	4.15E+001
	7.46E+000

	I4
	fcf4
	4.10E+001
	5.84E+000

	I5
	fcf5
	4.10E+001
	5.84E+000

	I6
	fcf6
	4.10E+001
	5.91E+000

	I7
	fcf7
	4.00E+001
	5.83E+000

	I8
	fcf8
	4.00E+001
	5.86E+000

	I9
	fcf9
	4.00E+001
	5.87E+000

	I10
	fcf10
	3.90E+001
	5.87E+000

	I11
	fcf11
	3.90E+001
	5.85E+000

	I12
	fcf12
	3.90E+001
	5.91E+000

	I13
	fcf13
	3.85E+001
	4.49E+000

	I14
	fcf14
	3.80E+001
	5.85E+000

	I15
	fcf15
	3.80E+001
	5.85E+000

	I16
	fcf16
	3.75E+001
	4.48E+000

	I17
	fcf17
	3.70E+001
	5.84E+000

	I18
	fcf18
	3.65E+001
	4.48E+000

	I19
	fcf19
	3.65E+001
	4.50E+000

	I20
	fcf20
	3.55E+001
	4.48E+000


Table 3.1 – Mean and variance of FCF for each year (independent case)

Then using formula
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I could obtain the distribution of NPV.
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Figure 3.1 – Distribution of Net Present Value (independent case)


Unicorn gives not only a shape of distribution but it provides also parameters of the distribution which you can see in the following table.

	Nr.
	Variable
	Mean
	Variance
	5% Perc
	50% Perc
	95% Perc

	O1
	NPV
	9.15E+001
	2.79E+001
	8.28E+001
	9.15E+001
	1.00E+002


Table 3.2 – Parameters of the distribution of NPV (independent case)

3.1.2 Calculation with correlation between FCFs.


Similar calculations were done for the case when we assumed that values of FCF from different years are correlated. We decided to make such an assumption because like it was written before there are phenomenons like bull market and bear market. Experts advised to use correlation equal 0.6 between FCF’s values from different years. In other words if for example in year 2003 the passengers growth rate was positive then there is 60% chances that in the next year i.e. 2004 there will be also  positive passengers growth, and 40% that it will be negative. 
The mean values and variance of Free Cash Flow in each year with given assumptions we can in the table below. Notice that each value is in millions.

	Nr.
	Variable
	Mean
	Variance

	I1
	fcf1
	4.20E+001
	5.87E+000

	I2
	fcf2
	4.20E+001
	5.84E+000

	I3
	fcf3
	4.15E+001
	7.47E+000

	I4
	fcf4
	4.10E+001
	5.89E+000

	I5
	fcf5
	4.10E+001
	5.89E+000

	I6
	fcf6
	4.10E+001
	5.84E+000

	I7
	fcf7
	4.00E+001
	5.93E+000

	I8
	fcf8
	4.00E+001
	5.84E+000

	I9
	fcf9
	4.00E+001
	5.87E+000

	I10
	fcf10
	3.90E+001
	5.88E+000

	I11
	fcf11
	3.90E+001
	5.85E+000

	I12
	fcf12
	3.90E+001
	5.89E+000

	I13
	fcf13
	3.85E+001
	4.50E+000

	I14
	fcf14
	3.80E+001
	5.90E+000

	I15
	fcf15
	3.80E+001
	5.86E+000

	I16
	fcf16
	3.75E+001
	4.49E+000

	I17
	fcf17
	3.70E+001
	5.86E+000

	I18
	fcf18
	3.65E+001
	4.50E+000

	I19
	fcf19
	3.65E+001
	4.49E+000

	I20
	fcf20
	3.55E+001
	4.47E+000


Table 3.3 – Mean and variance of FCF for each year (case with correlation)


Then using again formula for NPV value and using Unicorn we could get a shape and parameters of the distribution of Net Present Value. You can see the plot below.
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Figure 3.2 – Distribution of Net Present Value (case with correlation)

In the following table are main parameters of that distribution.

	Nr.
	Variable
	Mean
	Variance
	5% Perc
	50% Perc
	95% Perc

	O1
	NPV
	9.15E+001
	8.94E+001
	7.59E+001
	9.14E+001
	1.07E+002


Table 3.4 – Parameters of the distribution of NPV (case with correlation)

3.1.2 Comparison of both cases

We checked only to cases, but even then we could see differences between them. We can notice from the following table that when we used correlation between values of FCF for different years that we can be less sure to the value of NPV. The variance of the distribution in that case is bigger, that means the distribution is wider and there is more uncertainty in our calculations. Of course in such a case also the value of 5th percentile is smaller and the value of 95th percentile is bigger. The mean value is almost the same in both cases.

	Nr.
	Variable
	Mean
	Variance
	5% Perc
	50% Perc
	95% Perc

	No corr
	NPV
	9.15E+001
	2.79E+001
	8.28E+001
	9.15E+001
	1.00E+002

	Corr=0.6
	NPV
	9.15E+001
	8.94E+001
	7.59E+001
	9.14E+001
	1.07E+002


Table 3.5 – Comparison of distribution’s parameters from both cases

From picture below we can really see the difference between distribution for no-correlation and 0.6 correlation cases. 
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	Distribution of NPV (independent case)
	Distribution of NPV (case with 0.6correlation)


Figure 3.3 – Comparison of distribution from both cases


From that analysis we can conclude that correlation between FCF’s values in different years is important and in the future we should try to find exact value of that parameter.
Conclusions


Airports are not only about flights and a lot passenger. Airports are really complicated systems with many different branches. Our work was mainly focused on financial issues related to airport management.
Like you see the whole ABS software is a really powerful tool it supports decision – makers to obtain, through a single graphical user interface, consistent information about all facets of the airport’s business now and for future situations at the desired level of aggregation. Of course it is the first version so we can expect that in the future it will grow and it will be improved.


We can conclude that ABS program is really something new, nobody before hasn’t tried to integrate so many different tools in single software. Moreover that program can be quite easily modified for any airport system that means it can be used all over the world. Financial part of the project consists of two models. The first one deals with revenues and costs and the second one with investments. The revenues and costs model is more complicated then the latter model because it was found that the revenues and costs are driven by more factors, which give us the idea to improve the investments model by including more indicators of an investment. During this project we considered one possible scenario where we invested 250 million euros to build a new runaway system. Taking to account the investment the Net Present Value after 20 years is equal 91,661,729 euros and the Internal Rate of Return is 15.25%. The probability distribution of the NPV value was found and as we can see the mean value of the distribution was close to the number mentioned above. The 5th and 95th quantiles of the distribution are respectively around 75 million and 100 million euros.
Recommendation
Like we could see in the last chapter there are still many things to do. In our calculation we should try to get rid of the uncertainty as much as is possible. Of course there will be always some uncertainty because market is really dynamic and unpredictable system.
It would give us better result if we would use realistic data from some existing airport. I think that also we should extend possibility to calculate all values beyond year 2015. Like we could notice we had to use approximation to obtain values between year 2016 and 2020. In the last model, investment model it would be also good idea try to find the best moment to start the investment, just before overloaded capacity. This is one of the most important things in such a case. Similar like I showed you how to obtain the distribution for NPV we could try to find a distribution for Internal Rate of Return and other parameters. Of course in any prediction there is a factor of randomness included causing the predictions to be uncertain. At this stage there is no direct uncertain analysis possible within the ABS software. All parameters are assumed to be known and constant. Future extension of the software could incorporate dealing with probability distributions assigned to input parameters. This would allow carrying out an uncertainty and sensitivity analysis.
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