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ITACA 
INCENTIVISING TECHNOLOGY ADOPTION FOR ACCELERATING CHANGE IN ATM 

 

This document is part of a project that has received funding from the SESAR3 Joint Undertaking under 
grant agreement No 893443 under European Union’s Horizon 2020 research and innovation 
programme. 

 

 

Abstract  

This document is the Final Report of the ITACA project. The document provides an overview of the 
project, including its objectives and the work performed, in particular: (i) how the levers and barriers 
for technology adoption in ATM have been identified, leading to a set of potential policy measures to 
accelerate technology adoption; (ii) the description of the agent-based simulation model developed 
by ITACA to assess the proposed policies; (iii) how the model has been validated by employing a set of 
participatory simulations that have involved different ATM stakeholders; and (iv) the results obtained 
with the model when applying the proposed policies to a different case studies. Then, the link between 
the work done and the objectives of the SESAR program is discussed, providing an assessment of the 
overall maturity of the project. Finally, the project conclusions and lessons learnt are presented to the 
reader, together with a set of proposals for the future extension of the research carried out by ITACA. 
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1 Executive Summary 

The ITACA project aims at accelerating the development, adoption and deployment of new 
technologies in ATM. In order to achieve this general objective, ITACA has developed a new set of 
methodologies and tools enabling the rigorous and comprehensive assessment of policies and 
regulations aimed at amplifying the uptake of new technologies within ATM. The specific objectives of 
the project were the following: 

• Identify the main drivers and barriers for technological change in ATM and devise a set of policy 
measures with the potential to lower such barriers and incentivise faster technology upgrade. 

• Develop an agent-based model of the R&I lifecycle enabling the representation of the complex 
decisions and interactions between ATM stakeholders and their impact on the development and 
implementation of new technologies. 

• Validate the behavioural assumptions of the agent-based model through a set of participatory 
simulation experiments involving the direct participation of ATM stakeholders. 

• Demonstrate and evaluate the potential of the newly developed methods and tools through a 
set of policy assessment exercises that analyse the impact of a variety of policies and regulatory 
changes aimed at accelerating technology change in ATM. 

• Consolidate the methods, tools and lessons learnt delivered by the project into a coherent policy 
assessment framework and a set of policy recommendations, and provide guidelines for the 
future maintenance, evolution and use of the proposed framework. 

The identification of levers and barriers for technology adoption in ATM has been performed by 
employing a mix of: qualitative assessment, based on a review of literature and case studies, interviews 
with key players in the industry and a workshop; and quantitative assessment, based on economic 
modelling. The conclusions of both the initial qualitative assessment and the economic modelling are 
then used within a multicriteria analysis to define a set of promising policy and regulatory measures 
(e.g., modification of navigational charges with a flexible charging regulation, application of subsidies 
for adoption, imposition of economic penalties). 

The ITACA agent-based model captures the interactions between the main stakeholders related to 
technology adoption in the European ATM system. The model enables the simulation of multiple 
policies and technologies, as well as different scenarios in terms of fuel prices, traffic demand evolution 
and labour costs. The model represents in detail the stakeholders that adopt ATM technology (ANSPs, 
airports and airlines), including their operational tasks and adoption decisions. Technology adoption 
decisions are modelled taking into account the costs and benefits of the technologies over time, 
possible behavioural biases, the effect of the policies under study, and the interdependencies between 
the decisions of different stakeholders. Results are provided at both individual and aggregated level 
for a variety of indicators in the three areas of the ITACA performance framework: technology 
adoption, economic performance and operational efficiency. 

The model has been validated in two phases. In the first phase we conducted interviews with ATM 
experts for validating the model assumptions and behavioural aspects, like prospect theory, time 
dimension, and social dimension. In the second phase, participatory simulations were employed as 
validation method of the results of the project at individual and aggregated level, acquiring data from 
an environment closely related to a real-world setting. The final results showed that the model behaves 

https://www.sesarju.eu/


D1.3 FINAL PROJECT RESULTS REPORT 

   

 

Page I 7 
 

  

 

in a very realistic manner from the perspective of all three agents consulted (airlines, airports and 
ANSPs), even when faced with extreme values and outliers. 

A set of case studies have been designed to assess the policies proposed in different operational 
environments: (i) historical unsuccessful and/or slow adoption use cases (ATM concepts and 
technologies); (ii) historical successful use cases; and (iii) future use cases. For each case study, the 
indicators related to technology adoption, economic performance and operational efficiency were 
calculated, identifying the policies that better perform in the situations analysed. We also explored 
how the level of incentives and penalties of the proposed policies affect the final outcome, discussing 
the main trends and unexpected effects observed when varying those parameters. 

The results from the analysis of the case studies show that the cost-plus pricing policy performs the 
best, especially combined with other policies such as best-equipped best-served. Depending on the 
technology characteristics and interdependencies between adopters, the policies to be applied for 
achieving a fast uptake may include specific levers for some type of agents (e.g., subsidies) or 
enforcement to overcome market barriers (mandates). These results are compatible with the lessons 
learnt from the economic modelling exercises which showed that (i) the adoption of technologies that 
require several parties to make investments can be problematic as often one or some of the agents 
required to invest are not seeing any benefits and will need some extra incentives to adopt, (ii) 
adoption behaviour depends on the technology, and (iii) while the best-equipped best-served policy 
provides the right incentives for airlines, it can be detrimental for ANSPs. 

Given the capabilities of the agent-based model to provide a set of metrics for the input technologies 
and policies to be benchmarked, the next research activities foreseen should focus on refining the 
model and developing a visualisation tool to facilitate the analysis of further policies. On a second 
stage, this visualisation tool could be expanded with an optimisation model to provide the researchers 
and policy makers with the policy or combination of policies that obtain the best metrics for a given 
technology whose uptake wants to be accelerated. 
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2 Project Overview 

2.1 Operational/Technical Context 

Technological change in ATM has historically developed at a slow pace. The reasons are multiple: the 
very demanding safety requirements, the coordination effort required to harmonise standards around 
the world, the interdependencies between ground and airborne technologies, the monopolistic nature 
of air navigation service provision and the relatively small size of the global ATM market compared to 
other technology markets are among the factors that explain, at least in part, why ATM technological 
modernisation has traditionally followed a slow, evolutionary path. In recent years, the need to 
accelerate ATM technological change has become more and more evident: growing traffic demand 
and new market entrants, such as commercial drone applications, are rapidly taking the ATM system 
to its limits, calling for disruptive solutions able to boost the performance of ATM operations. Emerging 
technologies, especially digitalisation and automation, have the potential to facilitate this urgently 
needed technological upgrade. However, technology evolution is a necessary but not sufficient 
condition: innovation is a complex phenomenon, which depends not only on the development of new 
technologies, but also on the existence of regulation and institutions able to facilitate and foster the 
implementation of such technologies. 

The ITACA project aimed to shed light on the drivers and barriers for the adoption of new technologies 
in ATM, with the ultimate goal of supporting the identification, formulation and implementation of 
policies and regulations that accelerate ATM modernisation. To this end, the project has brought 
together the wide body of theory on technology adoption developed in the field of industrial 
organisation with the state-of-the-art in computational behavioural economics and participatory 
simulation, in an attempt to provide a rich, multifaceted analysis able to capture the complexity of the 
ATM R&I lifecycle. 

2.2 Project Scope and Objectives 

The ultimate goal of the project is to accelerate the development, adoption and deployment of new 
technologies in ATM. In order to achieve this general objective, ITACA has developed a new set of 
methodologies and tools enabling the rigorous and comprehensive assessment of policies and 
regulations aimed at amplifying the uptake of new technologies within ATM. 

The specific objectives of the project were the following: 

• (O1) – Identify the main drivers and barriers for technological change in ATM and devise a set of 
policy measures and regulatory changes with the potential to lower such barriers and incentivise 
faster technology upgrade. 

• (O2) – Develop an agent-based model of the R&I lifecycle enabling the representation of the 
complex decisions and interactions between ATM stakeholders and their impact on the 
development and implementation of new technologies. 

• (O3) – Validate the behavioural assumptions of the agent-based model through a set of 
participatory simulation experiments involving the direct participation of ATM stakeholders. 
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• (O4) – Demonstrate and evaluate the potential of the newly developed methods and tools 
through a set of policy assessment exercises that analyse the impact of a variety of policies and 
regulatory changes aimed at accelerating technology change in ATM, with particular focus on 
the distributional effects across ATM stakeholders and society at large. 

• (O5) – Consolidate the methods, tools and lessons learnt delivered by the project into a coherent 
policy assessment framework and a set of policy recommendations, and provide guidelines for 
the future maintenance, evolution and use of the proposed framework. 

2.3 Work Performed 

2.3.1 WP1 Management 

The purpose of WP1 Management is to manage and coordinate the project so as to ensure the 
achievement of the project goals within agreed time, cost, and quality. WP1 is led by Nommon, as 
Project Coordinator, with the support of the rest of ITACA partners. 

The work done in WP1 includes: 

• Overall project management and coordination: Nommon, as Project Coordinator, is in charge of 

the planning and monitoring of the project, tracking of deliverables and daily management 

(coordination, distribution of documents, meeting set-up, etc.). 

• Preparation of D1.1 Project Management Plan: D1.1 was prepared by Nommon and submitted 

in June 2020. The document was later on updated in accordance with the comments received 

from the SJU and was approved on the 4th November 2020. 

• Preparation of D1.2 Data Management Plan, a document that describes the data management 

life cycle for the data to be collected, processed and generated by the ITACA project. The 

document was initially submitted in November 2020, uploaded again later on addressing the 

comments received from the SJU and approved on the 21st December 2020. 

• Selection of the External Experts Advisory Board (EEAB): in August 2020, all members of the 

Consortium proposed a tentative list of members of the EEAB. The role of the EEAB is to provide 

independent advice and peer review of the project results. The tentative list was contrasted with 

SJU members and invitations were sent, leading to the actual composition of the EEAB, which 

includes representatives from the Network Manager, ANSPs, airports, airlines, technology 

providers and civil aviation authorities, among other stakeholders. 

• Preparation of D1.3 Final Report. This document includes a summary of the main achievements 

and work done during the project, the maturity assessment for achieving TRL1, the conclusions 

and lessons learnt from the project.  
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2.3.2 WP2 Identification of Levers and Barriers for Technology Adoption in 
ATM 

This work analysed the main levers and barriers for the adoption of new technologies by the different 
ATM stakeholders. For this purpose, a mix of qualitative and quantitative methods was employed. The 
qualitative assessment was based on a review of literature and case studies, interviews with key 
players in the industry and a workshop. The case studies focused on successful and unsuccessful 
experiences related to the uptake of new technologies. The primary focus of the case studies was on 
innovation in the aviation sector, but we also analysed experiences in other industries, especially in 
network industries such as rail, electricity and telecom. This combination of desk research and 
stakeholder consultation was used to identify the potential explanatory factors behind the 
experiences, helping us understand the reasons and conditions for the success or failure of the 
implementation of new technologies.  

This initial qualitative assessment also served to depict several mechanisms linked to the adoption of 
new technologies. These were then investigated by means of quantitative economic modelling. A 
model to analyse the uptake of certain ATM technologies was developed based on the potential 
efficiency gains by both ANSP and airlines. We start from a simple set-up with a single ANSP and airline. 
We then enrich the model by allowing multiple types of airlines and a simple network of ANSPs. 

Out of the research done, 4 insights were obtained: 

• The first insight was that regulation of navigation fees is necessary, as without regulation the 
natural monopoly of ATM would allow prohibitively large charges on airlines. However, too 
tight an enforcement of the fee may stimy any real investment in technology as the ANSP may 
not recover its investment cost. Regulation should therefore be flexible enough to allow the 
ANSP to recover costs and make a small profit to allow for investment.  

• The second insight was that the market uptake of new technologies in a one-to-one setting is 
probably easier.  

• The third and connected insight is that it is not clear if increased competition between ANSPs 
will stimulate the uptake of new technologies.  

• The fourth insight, which is also supported by numerical analysis, is that an overall 
technological mandate for a ‘proven’ technology can be a welfare improving solution. This 
reduces the uncertainty that would be caused by a market-led uptake of the technology in a 
fractured and competitive market.  

The conclusions of both the initial qualitative assessment and the economic modelling are then used 
within a multicriteria analysis to define a set of promising policy and regulatory measures, contained 
in Table 1. The research described in this work package is included in D2.1 Levers and Barriers for the 
Adoption of New Technologies in ATM: Policy Approaches. 
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Table 1: Policy measures proposed by the project to be further analysed 

Policy measure Description 

Cost plus pricing Allows ANSPs to charge an increased rate to the users of their services if they have 
certain technologies implemented. 

Best-equipped 
best-served 

Allows ANSPs to provide a better service to airlines using a particular technology or an 
asymmetric charging scheme (equipped aircraft pay less than non-equipped ones). 

Demonstration 
projects 

Set of policies that improve the dissemination and demonstration of technologies to 
show their potential. 

Involvement of the 
safety agent 

Closer involvement of the safety agent at an early stage of the technology development 
(even at the research phase). 

Realistic timelines Increase of the consultation with stakeholders to set the timeframe to implement a 
certain technology realistically, avoiding the postponement of deadlines as targets are 
not reached. 

Direct subsidies  Financial aid given to the adopter agents to implement a certain technology.  

Increase 
technology 
maturity 

Set of policies that decrease the time gap between TLR4 and the deployment phase. 

Mandates Set of sanctions imposed on agents not implementing the technologies, e.g., economic 
penalties. 

2.3.3 WP3 Simulation Model  

In order to enable the rigorous and comprehensive assessment of the proposed policies, the project 
has developed an agent-based model of the R&I lifecycle enabling the representation of the complex 
decisions and interactions between ATM stakeholders and their impact on the implementation of new 
technologies. This simulation method has been proven to be applicable to technology adoption and 
policy assessment problems, providing valuable insights thanks to its ability to represent the 
heterogeneity of the agents involved and capture emergent behaviour. 

The scenarios feed the model, containing all the required information to perform the desired analysis: 
(i) policy (or policies) to be tested; (ii) the technologies available to be adopted; and (iii) the exogenous 
variables. Exogenous variables provide boundary conditions to the simulation and can be seen as 
limiting factors for the action of the agents. They include aspects that do not depend on ATM evolution 
but affect the agents involved, such as passenger demand, fuel prices, engines’ fuel efficiency, and 
unitary labour costs.  

The model includes different types of agents representing the most relevant actors in ATM technology 
adoption: (i) regulatory bodies, which impose policies and regulations; (ii) technology providers, which 
develop the technological solutions to be adopted; (iii) technology adopters, which clusters ANSPs, 
airports and airlines, which perform their operations, interact to pay for navigational and landing 
services, and adopt new technologies; and (vi) labour unions, which defend the labour conditions of 
their guild.  
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The adoption decision of the agents takes into account several aspects:  

• Costs and benefits of the technologies over time 

• Risk perception associated with each technology. This depends on parameters related to the 
time required for implementation, compatibility with the current technologies and behaviour 
of the adopter agent 

• Behavioural economics aspects: prospect theory, hyperbolic discounting (time dimension bias) 
and herd behaviour (social dimension bias) 

• Effect of the policies, such as penalties or incentives 

• Interdependencies between agents, modelling the exchange of information on the willingness 
to adopt.  

For more information on the model specification, scenario definition, agents’ definition and their 
behaviour, visit ITACA D3.1 ITACA Simulation Model. 

By simulating the scenarios, we can obtain distributional and aggregated results for each time step of 
the simulation. The outputs of the simulations are analysed according to the ITACA performance 
framework, which includes metrics related to technology adoption, economics and operational 
performance. The indicators included in this performance framework are listed in Table 2. 

Table 2: ITACA performance framework, KPAs and indicators 

KPA Indicator 

Technology 
Time for adoption decision since a technology is available 

Market share per technology 

Economy 

Social welfare, including producer and consumer surplus, regulator surplus and 
third parties’ externalities. 

Enroute ANSPs’ surplus 

Terminal ANSPs’ surplus 

Airlines’ surplus 

Airports’ surplus 

Passengers’ surplus 

Regulator’s surplus 

Externalities, measured as the level of emissions of CO2 and SO2 

Operations 

Average fuel burn per flight 

En-route and TMA throughput per unit time 

Average union-wide Determined Unit Cost (DUC) for en-route and terminal ANS 

Figure 1 provides an overview of the workflow of the model and its main components for an example 
of input policies and technologies.  
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Figure 1: ITACA model overview 

Calibration and validation are necessary processes to obtain reliable results from the simulations to be 
analysed. For calibrating the model, real data from the stakeholders that we wanted to represent has 
been used, e.g., initial cost distribution, number of passengers, pilots, etc. Regarding the adoption 
decisions, the behavioural parameters were calibrated in order to match the levels and rate of 
adoption of the historical use cases. Once calibrated, the model has been validated in different ways: 
(i) employing a first face validation conducted by the members of the consortium; (ii) employing 
participatory simulations to validate both the assumptions and behaviour of the agents at individual 
and aggregated level and (iii) through the application of a sensitivity analysis to the input parameters 
of the model.  

2.3.4 WP4 Validation of the Model through Participatory Experiments 

The detailed plan for validating the model is described in Appendix B Experimental plan for the 
validation of the ITACA simulation model. 

In the first phase of the validation experiments, we conducted interviews with ATM experts for 
validating the model assumptions and behavioural aspects, like prospect theory, time dimension, and 
social dimension. In order to accomplish that, interviews with ATM experts were conducted. The most 
interesting results which helped to fine-tune the model are the following: (i) the acceptance rate was 
on average more than or equal to 80% for all technologies, while past technologies had a slightly higher 
acceptance rate, confirming to a small extent the time dimension (e.g., hyperbolic discounting) of 
behavioural economics; (ii) airports and ANSPs were the most critical and resistant to accept new 
technologies, which is probably due to the fact that they are the stakeholders that usually bear the 
heaviest weight on the implementation of new technologies and enjoy less of the benefits; and (iii) 
75% of participants did not value the risk of failure and the prospect of success equally, confirming 
prospect theory. 
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Participatory simulation was chosen as the validation method for the second phase because it enables 
the acquisition of data from an environment closely related to a real-world setting. In the sessions, 
experts representing the main adopters (i.e., airlines, airports, ANSPs) participated, giving answers that 
enabled three independent validation experts from KTH to further assess the validation.  

The final results showed that the model behaves in a very realistic manner from the perspective of all 
three agents, even when faced with extreme values and outliers. Some limitations were highlighted 
after this study: (i) the model has only been validated for three agents/adopters and not for any other 
participating agent, like labour unions, manufacturers, technology providers etc.; (ii) the combination 
of technologies and policies forming the scenarios, although chosen by domain experts, could produce 
biased datasets and lead to overfitting; and (iii) the reduced number of participants. These limitations 
by no means undermine the study and they could serve as a guide for improving the model. For a 
complete view of the validation experiments, the reader may refer to D4.1 Participatory Simulations: 
Experiment Results. 

2.3.5 WP5 Policy Assessment 

In order to evaluate the effectiveness of the proposed policy measures, different case studies were 
defined. To specify the operational environment in which the policy measures have been evaluated, a 
literature review on relevant ATM concepts and technologies was conducted. Three case studies have 
been created in order to enable the validation of the policy measures at different levels: 

• Case study 1: historical unsuccessful or slow adoption use cases. The use cases have been 
considered as unsuccessful due to the low and/or slow adoption rate compared to the 
expectations. The use cases included are: Microwave Landing System (MLS) and EUROCONTROL 
Link 2000+ programme. 

• Case study 2: historical successful use cases. The use cases were adopted at the rate it was 
expected. The use cases included are: Airport Collaborative Decision Making (A-CDM), 
Continuous Descent Operations (CDO) & Continuous Climb Operations (CCO), remote towers 
and Automatic Dependent Surveillance–Broadcast (ADS-B). 

• Case study 3: future use cases. The use cases involve technologies in their early stage of adoption 
or still in R&I phase. The use cases included are: System Wide Information Management (SWIM), 
Dynamic Airspace Configuration (DAC), SAFEDRONE project and Initial Trajectory Information 
Sharing (i4D). 

An assignment of policy measures to each case study has been performed according to their 
compatibility, applicability and expected impact. The scenarios proposed in each case study aim at 
testing the different policies both in isolation and in combination in order to assess possible synergies 
between policies that impact positively on technology uptake. For more information on the 
assignment, see ITACA D5.1 Impact Assessment of Policies and Regulations to Boost ATM Technology 
Adoption. For each case study, the results were analysed according to the performance framework 
described in Table 2. 

In case study 1, the scenario with cost-plus pricing, best equipped-best served and mandates provides 
the highest improvement with respect to the reference case from the technological point of view. From 
the economic perspective, the scenario with cost-plus pricing, best equipped-best served, and 
increased matureness of technologies provides the best performance. On the operational side, 
subsidies are the best scoring policy, with the scenario with cost-plus pricing, subsidies, and increased 
matureness of technologies policies in second place. The inclusion of mandates seems to considerably 
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hinder operational results while the policies including cost-plus pricing, although they are not the best 
scoring ones, perform correctly. This seems to indicate that the cost-plus pricing measure, especially 
in combination with others, would have been a good candidate to improve the adoption of the 
technologies. The solution scenario including cost-plus pricing, best equipped–best served and 
increased matureness of technologies and the one including cost-plus pricing, subsidies and increase 
matureness of technologies are the ones that obtained an overall higher score in the three different 
areas.  

In case study 2, the policy measure which leads to the highest uptake of the technologies is the 
combination of cost-plus pricing and best equipped-best served. This is exactly the scenario which 
scores the worst in the economic analysis, although the effect on social welfare is relatively small 
(-0.3% change). The scenarios which score “best” from an economic point of view have almost no 
impact on technology implementation and lead to no change in social welfare (0% change). This issue 
might be caused by the fact that we do not capture the full benefits of the technologies because the 
decision to implement (2018) is very close to the final year of the period considered (2022) and the 
benefits are only perceived in the medium-long term. From an operational point of view, it seems that 
the combination of cost-plus pricing and best equipped-best served scores the best. From a general 
perspective, when an optimal situation is searched for the three areas, the preferred option for these 
technologies would be best equipped–best served combined with cost-plus pricing. 

In case study 3, while for the operational and technological indicators the combination of the mandates 
and subsidies offers the best results, for the economic indicators the cost-plus pricing policy measure 
shows the highest social welfare increase (5%). In fact, the cost-plus pricing policy also accelerates the 
adoption (see Figure 2) leading to lower fuel consumption. Among the economic indicators, the 
passenger surplus is also greatly benefited by the combination of mandates and subsidies and social 
welfare increases by 1.6%. Consequently, it can be concluded that for a large variety of use cases 
(SWIM, Safedrone, DAC and i4D), the best option to incentivise and accelerate the adoption of 
technologies, as well as to maximise their economic and operational benefits, is to combine two kinds 
of policies: the ones related to the use of economic support (incentives), such as subsidies and cost-
plus pricing, and mandates to enforce the implementation. 

In all the cases, the policies affected differently the technology, economic and operational indicators, 
finding that there is a trade-off between them: when a policy increases adoption, it decreases the 
surplus of some agent type in most cases. The results showed attend to our own criteria when 
considering the most important indicators, prioritising the social welfare and technology adoption 
indicators. For a complete view of the results obtained in each case study, visit D5.1 Impact Assessment 
of Policies and Regulations to Boost ATM Technology Adoption. 

In addition to the insights obtained from the analysis of the case studies, the exploration of the effects 
of the parameters that define the policies provided different insights on how to apply the proposed 
policies:  

• While the policies provide an increase in adoption, other effects arise from its application such 
as a decrease in the surplus of some stakeholders, including the passengers. A compromise 
solution has to be found when adjusting the definition of the policy to be applied to find a 
balance between economic, technological and operational indicators. 

• The policies do not affect equally the adoption of every technology. Therefore, a policy might 
need fine tuning depending on the CBA and the specific adopters of the technology it aims to 
implement. 

• In some cases, traffic is hindered by the costs of the policy, which increases ticket prices.  
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• The correct calibration of the parameters of the policy is needed to avoid negative effects. For 
example, high incentives to airlines in the best equipped-best served policy change the 
behaviour of the ANSPs, lowering the technology adoption with respect to the reference case. 
This issue might be solved by subsidising those incentives but the costs for the governments 
would be affected.  

 

Figure 2: Adoption of SWIM for airline agents: reference scenario (blue) and applying cost-plus pricing (red) 

2.3.6 WP6 Communication, dissemination and exploitation 

The objective of WP6 is to facilitate a fruitful and efficient exchange of information with different 
stakeholders, and prepare for the exploitation of project results. The specific objectives of WP6 are: 

• To establish efficient communication channels with external partners, such as policy makers, 

regulators, industrial actors or academic researchers so as to gather their inputs and feedback. 

• To disseminate the findings of the project to encourage exploitation of the results.  

• To guarantee the continuation of the ITACA research avenues after the project end. 

The work done includes: 

• Creation of the ITACA project website (www.ITACA-H2020.eu), which was launched in June 

2020. The website, implemented and maintained by Nommon, is described in deliverable D6.1, 

which was submitted in June 2020 and approved in November 2020. 

• Organisation of the 1st ITACA Stakeholder Workshop, which took place online in November 2020. 

The workshop gathered the members of the ITACA EEAB and other external experts, who 

provided inputs and feedback on the work performed so far. 

• Presentation of a poster to the SESAR Innovation Days 2020, describing the ITACA objectives and 

approach and reporting the expected results to be obtained during the first year of the project. 

• Presentation of a paper to the ATM Research and Development Seminar 2021, entitled “Split 

incentive problem in the uptake of new ATM technology” focusing on the insights obtained from 

the economic analysis  
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• Presentation of a paper to the Bivec-Gibet transport research days, entitled “The uptake of new 

technologies in air traffic management. A game of split incentives” focusing on the insights 

obtained from the economic analysis. 

• Presentation of a paper on the conceptual definition of the agent-based model to the Winter 

Simulation Conference entitled “Technology Adoption in Air Traffic Management: A 

Combination of Agent-Based Modeling with Behavioral Economics”. 

• Presentation of a paper to the ATRS World Conference, entitled “Identification of levers and 

barriers for the adoption of new ATM technologies”, which focuses on the qualitative and 

quantitative analyses of the technology adoption performed in WP2. 

• Release of a white paper on the project, its methodology and expected results has been 

published in ITACA’s website. 

• Publication of news about the project in social media such as Twitter and LinkedIn. 

• Presentation of ITACA’s approach to behavioural economics at the Engage workshop on 

behavioural economics (Engage Thematic Challenge TC4). 

• Submission of a journal article based on the results from D2.1 to Journal of Air Traffic 

Management. 

• Release of a final white paper presenting the main outcomes, policy recommendations and 

lessons learnt. 

• Organisation of a working session with the SESAR JU to present the main outcomes, policy 

recommendations and lessons learnt of the project and get feedback from them. 

• Organisation of the Final Dissemination Event, in which the main outcomes, policy 

recommendations and lessons learnt of the project were presented in order to get feedback 

from the members of the ITACA EEAB and other external experts. 

2.4 Key Project Results 

The most important outcomes of the project are listed in this section per work package. 

2.4.1 WP2 Identification of Levers and Barriers for Technology Adoption in 
ATM 

• The identification of the interactions between different stakeholders when considering the 
uptake of a new technology (see D2.1). Their interactions depend on one side on the 
technology itself: if the technology involves the implementation of different stakeholders, they 
should coordinate (mainly in time) to maximise the benefits; if it is independent, then each 
stakeholder can follow its own planning. The decision-making process also changes depending 
on what drives the adopter to upgrade its technology. If there is a European mandate, the 
safety agency (EASA) takes a leading role and coordinates with different adopters (ANSP, AU 
and Airport) for the implementation. If it is driven by a local need, each interested adopter 
shall coordinate with the industry to check the available solutions. 

• The identified levers and barriers for technology adoption, based on a combination of 
literature review, interviews and economic models (see D2.1). This analysis provided the 
following insights: 
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o Regulation of navigation fees is necessary, as without regulation the natural monopoly 
of ATM would allow prohibitively large charges on airlines. However, too tight an 
enforcement of the fee may stimy any real investment in technology as the ANSP may 
not recover its investment cost. Regulation should therefore be flexible enough to 
allow the ANSP to recover costs and make a small profit to allow for investment. 

o The market uptake of new technologies in a one-to-one setting is easier. The adoption 
of technologies that require several parties to make investments can often be 
problematic, as one or some of the agents required to invest are not seeing any 
benefits and will need some extra incentives to adopt 

o It is not clear if increased competition between ANSPs will stimulate the uptake of new 
technologies.  

o An overall technological mandate for a ‘proven’ technology can be a welfare improving 
solution. This reduces the uncertainty that would be caused by a market-led uptake of 
the technology in a fractured and competitive market. This insight is supported by 
numerical analysis. 

o The technology that wants to be incentivised also plays a role in the selection of the 
policies’ combination. Depending on its Cost Benefit Analysis (CBA), if the technology 
is already delivering benefits, some economic incentives are enough to obtain the 
desired uptake, but if the technology has low return of investment rates, requiring 
large times to produce benefits, then penalty policies (e.g., mandates) are to be 
applied to increase the adoption of the technology.  

o While the Best-equipped-best-served policy gave the right incentives for the airlines, 
they can be detrimental for the ANSPs, lowering the technology adoption with respect 
to the reference case and therefore, the social welfare. 

• A set of potential policy options to stimulate technology uptake in the ATM sector. Those 
policy options that were further analysed are: cost plus pricing, best-equipped best served, 
demonstration projects, involvement of the safety agent, realistic timelines, direct subsidies, 
increase technology maturity and mandates. The description of the policies can be found in 
Table 1. 

2.4.2 WP3 Simulation model 

• An agent-based model that simulates the behaviour of the European ATM system by 
integrating industrial organisation theories with behavioural economics (see D3.1). This 
model, together with the performance framework defined in the project, enables the 
benchmarking of the proposed policy measures in a wide range of scenarios involving different 
operational environments, technologies and stakeholders. This tool can be applicable in the 
future to additional situations, technologies and policies. 

2.4.3 WP4 Validation of the Model through Participatory Experiments 

• The validation of the ITACA agent-based model for the purpose for which it is built within 
the scope of ITACA (see D4.1). ITACA has performed a set of participatory simulation 
experiments aimed to understand the behavioural drivers of ATM stakeholders regarding the 
adoption of new technologies (motivations, interests, concerns, etc.), which have been used 
to inform and validate the behavioural assumptions of the agent-based model. Experts 
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representing the main adopters (i.e., airlines, airports, ANSPs) participated in the experiments, 
enabling the acquisition of data from an environment closely related to a real-world setting. 

• A methodology for the calibration and validation of the ITACA agent-based model through 
gaming experiments and participatory simulations (see D4.1). This methodology is applicable 
also to other agent-based models for the analysis of technology adoption not limited to the 
aviation sector, but exportable to other domains. 

2.4.4 WP5 Policy assessment 

• The assessment of the policies proposed by the project (see D5.1). The policies have been 
benchmarked in three different case studies, finding that the scenarios in which the cost-plus 
pricing policy was included obtained an overall better score. However, there is no policy that 
performs better than the others across all the areas included in the performance assessment. 
The adoption of each technology responds differently to the policy measures. A combination 
of economic incentives (e.g., cost-plus pricing, subsidies) and enforcement through 
mandates provides the best results on the economic and operational sides. 

• Enforcement is necessary. An overall technological mandate for a ‘proven’ technology can be 
a welfare improving solution. This reduces the uncertainty that would be caused by a market-
led uptake of the technology in a fractured and competitive market. This insight is supported 
by numerical analysis. 

• Flexible changing regulation, a potential candidate. The cost-plus pricing policy performs the 
best based on the ITACA performance framework, especially combined with other policies 
such as best equipped best-served, subsidies and mandates.  

• Pay attention to the technology. The technology that wants to be incentivised also plays a 
role in the selection of the policies’ combination. Depending on its Cost Benefit Analysis (CBA), 
if the technology is already delivering benefits, some economic incentives are enough to 
obtain the desired uptake, but if the technology has low return of investment rates, requiring 
large times to produce benefits, then penalty policies (e.g., mandates) are to be applied to 
increase the adoption of the technology.  

• A policy is not equally positive for everyone, and might be eventually worse than doing 
nothing. For example, while the best-equipped best-served policy provides the right incentives 
for the airlines, it can be detrimental for ANSPs, lowering the technology adoption with respect 
to the reference case and therefore the social welfare. 

• The analyses made were hindered by the lack of good CBA documentation. For many 
technologies information is either not available or not complete enough to feed into the 
models. Hence, where needed, additional assumptions were made by the consortium, but the 
results would have been more robust if SESAR technologies were systematically the subject of 
a (S)CBA and this would be publicly available. The same problem affects stakeholders’ 
decisions, slowing down the adoption of new ATM solutions. 

• The ITACA project has delivered an assessment framework of ATM technology adoption 
processes by combining a set of methodologies that range from classic innovation and 
technology adoption research methods to economic models and state-of-the-art 
computational behavioural modelling validated through gaming experiments. 
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• The principal agent problem plays an important role:  when the main investor is not the main 
beneficiary, policies should focus on accelerating the adoption by such key stakeholder, since 
the other stakeholders, with lower implementation effort, will follow its lead (e.g., airports in 
A-CDM: airlines will benefit with little or no effort). 

2.5 Technical Deliverables  

Table 3: Project Deliverables 

Reference Title Dissemination 
Level1 

Delivery 
date 

D1.1 Project Management Plan 

Document defining how the project is managed, executed, 
monitored and controlled, including organisation, schedule, 
management procedures, and reporting. 

CO 7 Jun 2020 

D6.1 Project Website 

Website providing access to all relevant public information 
about the project, including some high-level material 
describing the project activities, latest news and research 
results. Link to project website. 

CO 16 Jun 2020 

D6.2 Communication, Dissemination and Exploitation Plan 

Document describing the communication and dissemination 
actions to be carried out by the project. 

CO 7 Aug 2020 

D1.2 Data Management Plan 

Document specifying how research data will be managed. 

CO 17 Nov 2020 

D7.1 H - Requirement No. 3 

Document specifying the ethics requirements of the ITACA 
project. 

CO 20 Nov 2020 

D2.1 Levers and Barriers for the Adoption of New Technologies in 
ATM: Policy Approaches  

Technical report presenting the results of the qualitative and 
quantitative analyses of the levers and barriers for technology 
adoption in ATM and proposing a list of promising policies and 
regulatory measures. Available in the project website and 
CORDIS. 

PU 7 Apr 2021 

D3.1 ITACA Simulation Model 

Agent-based simulation model of the ATM technology 
adoption and implementation process + Associated software 
documentation, including Requirements Document, Software 
Design Documents, Test Documentation and User Manual. 
Available in the project website and CORDIS. 

PU 20 Jan 2022 

 

 

1 Public or Confidential 
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Reference Title Dissemination 
Level1 

Delivery 
date 

D4.1 Participatory Simulations: Experiment Results 

Technical report describing the experimental setup, the main 
results and the conclusions of the participatory simulation 
experiments. Available in the project website and CORDIS 

PU 16 Jun 2022 

D5.1 Impact Assessment of Policies and Regulations to Boost ATM 
Technology Adoption 

Technical report documenting the main results and conclusions 
of the case studies, and deriving policy guidelines and 
recommendations for future R&I activities. Available in the 
project website and CORDIS 

PU 20 Jun 2022 

D1.3 Final Project Report 

The Final Project Report covers all the research activities 
performed by the project, including the final publishable 
summary report, the plan for use and dissemination of the 
foreground, and a self-assessment of the TRL achieved at the 
end of the project.  

PU 21 Jun 2022 

D6.3 Incentivising Technology Adoption for Accelerating Change in 
ATM: Lessons Learnt from the ITACA Project and Way Forward 

White paper providing a high-level view of the ITACA concept 
and the conclusions of the project. Available in the project 
website and CORDIS. 

PU 1 Nov 2022 
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http://www.nommon-files.es/itaca/ITACA-D5.1_Impact_assessment_of_policies_and_regulations_to_boost_ATM_technology_adoption_v01.00.00.pdf
https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e5f0f87b07&appId=PPGMS
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3 Links to SESAR Programme 

3.1 Contribution to the ATM Master Plan 

ITACA will accelerate the achievement of the ATM Master Plan performance ambitions enabled by 
SESAR solutions. By providing guidance on the policies and/or the changes in the current 
regulations/institutional frameworks that can accelerate technology uptake, ITACA will contribute to 
facilitating the adoption and use of SESAR solutions, which will in turn contribute to the achievement 
of the ATM Master Plan ambitions. Therefore, the project does not work on specific OI Steps or 
Enablers but it improves the adoption of ATM technologies in any operational field that can impact on 
any OI Step and/or Enabler. 

The ITACA solution proposes a Policy Assessment Framework aiming at supporting the design of 
measures and regulations intended to accelerate the adoption and deployment of new ATM 
technologies. The framework enables the evaluation of the effects of a variety of policies (e.g., 
innovative ATM pricing schemes) on the level of adoption of the technologies under study and the 
resulting impact for ATM stakeholders in terms of economic benefits and costs. 

The framework comprises: 

1. A modelling toolset that represents the behaviour of the European ATM system by integrating 
industrial organisation theories with agent-based modelling and behavioural economics. 

2. A methodology for the calibration and validation of the ITACA agent-based model through a 
combination of data driven modelling (detailed compilation of ATM solution catalogue and 
associated CBAs), gaming experiments and participatory simulations. 

3. A set of guidelines for the maintenance, evolution and use of the model. 

The ITACA Policy Assessment Framework facilitates the provision of evidence-based recommendations 
on the most adequate policy approaches to facilitate technology uptake in ATM, hence contributing to 
all SESAR KPAs in a transversal manner and ultimately to the achievement of the ATM Master Plan 
performance ambitions. 
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3.2 Maturity Assessment 

Table 4: ER Fund / AO Research Maturity Assessment 

ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.1 Has the ATM 
problem/challenge/need(s) that 
innovation would contribute to solve 
been identified? 
- Where does the problem lie? 
- Has the ATM 
problem/challenge/need(s) been 
quantified that justify the research 
done? Note: an initial estimation is 
sufficient 

Achieved The problem to be solved is the slow pace of technological change in ATM, 
which has been identified in the proposal preparation stage of the project.  

The reasons for the problem, properly reported in D2.1 Levers and Barriers for 
the Adoption of New Technologies in ATM: Policy Approaches, are multiple: 
the very demanding safety requirements, the coordination effort required to 
harmonise standards around the world, the interdependencies between 
ground and airborne technologies, the monopolistic nature of air navigation 
service provision and the relatively small size of the global ATM market 
compared to other technology markets are among the factors that explain, at 
least in part, why ATM technological modernisation has traditionally followed 
a slow, evolutionary path. A report from the European Court of Auditors 
concluded that, while the SESAR concept of common projects promotes 
coordinated action and mitigates the so-called “last mover advantage”, its 
first application – the Pilot Common Project – suffered from a number of 
shortcomings and included projects for which EU funding was largely 
unnecessary, as they would likely have been financed without EU support. 
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ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.2 Have the solutions 
(concepts/capabilities/methodologies) 
under research been defined and 
described? 

Achieved The technologies and policies which were assessed using the agent-based 
model are described and analysed in detail in D5.1 Impact assessment of 
policies and regulations to boost ATM technology adoption. The policies are 
included in  

Table 1 and the technologies include remote towers, A-CDM, SWIM or ADS-B. 

The assessment framework proposed by ITACA to benchmark policies aimed 
at accelerating technology adoption is defined, described and validated in 
D3.1 ITACA simulation model and D4.1 Participatory Simulations: Experiment 
Results. This assessment framework composes the ITACA solution, which is 
described in Section 3.1.  

TRL-1.3 Have assumptions applicable for the 
innovative concept/technology been 
documented? 

Achieved The economic models remain at a more abstract level where physical laws and 
assumptions are less relevant, as seen in D2.1 Levers and Barriers for the 
Adoption of New Technologies in ATM: Policy Approaches. 

Similarly, the simulation model includes mainly assumptions and laws related 
to economical behaviour, as described in D3.1 ITACA Simulation Model, for 
example the elasticity between passenger demand and ticket price. The 
limitations of the simulation model are included in the final guidelines for the 
future maintenance, evolution and use of the ITACA policy assessment 
framework, which were included in D5.1 Impact Assessment of Policies and 
Regulations to Boost ATM Technology Adoption. 
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ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.4 Have the research hypothesis been 
formulated and documented? 

Achieved Research hypothesis have been formulated and properly documented at all 
stages of the project: for the development of the economic models in D2.1 
Levers and Barriers for the Adoption of New Technologies in ATM: Policy 
Approaches (e.g., the ANSP network chosen for the study) and when 
designing the agent-based model in D3.1 ITACA Simulation Model (e.g., the 
consideration of fuel price and demand as exogenous variables). The 
hypotheses of the model were validated in D4.1 Participatory Simulations: 
Experiments Results and its implications were discussed in D5.1 Impact 
Assessment of Policies and Regulations to Boost ATM Technology Adoption. 

TRL-1.5 Do the obtained results from the 
fundamental research activities 
suggest innovative solutions (e.g. 
concepts/methodologies/capabilities? 
- What are these new 
concepts/methodologies/capabilities? 
- Can they be technically 
implemented? 

Achieved Innovative concepts and capabilities have been obtained in 3 fields: 

• The economic models developed can be used to shed some first insights 
into possible issues and solutions related to specific technologies. See 
D2.1 Levers and Barriers for the Adoption of New Technologies in ATM: 
Policy Approaches. 

• The assessment of this problem with the ITACA agent-based model 
enables a more in-depth analysis of the uptake of specific technologies 
and possesses some innovative concepts such as the emergent behaviour 
of complex systems and the use of behavioural economics concepts to 
provide a more realistic representation of stakeholder behaviour. See 
D3.1 ITACA Simulation Model. 

• The participatory experiments showed that the model behaves in a very 
realistic manner from the perspective of the main ATM stakeholders of 
the sector (airlines, airports and ANSPs), even when faced with extreme 
values and outliers. See D4.1 Participatory Simulations: Experiment 
Results. 
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ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.6 Have the potential strengths and 
benefits of the solution identified and 
assessed? 
- Qualitative assessment on potential 
benefits. This will help orientate 
future validation activities. Optional: It 
may be that quantitative information 
already exists, in which case it should 
be used. 

Achieved Strengths and limitations of the different methodologies used in the project 
have been discussed.  

The strengths of the economic models used for initially selecting the policy 
measures to benchmark, e.g., their simplicity and reliability, have been 
described in D2.1 Levers and Barriers for the Adoption of New Technologies in 
ATM: Policy Approaches. The potential benefits of using ABM for the research 
conducted in the ITACA project are described in D3.1 ITACA Simulation Model, 
such as the capture of emergent behaviour in the system. Its limitations have 
been documented in D4.1 Participatory Simulations: Experiments Results, 
including the need for the definition of more agents that play a role in the 
process for example. The complete strengths and limitations observed in the 
analysis have been described and documented in the guidelines and 
recommendations included in D5.1 Impact Assessment of Policies and 
Regulations to Boost ATM Technology Adoption. For example, the need for 
reliable CBAs for the study is highlighted. 

The Final Dissemination Event provided recommendations for improving the 
presentation and understanding of results obtained by the project, such as 
disaggregating the results per stakeholder, considering the scope of each 
technology included in the validation or making use of the model outputs in 
order to provide a more qualitative analysis of the adoption mechanisms. 
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ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.7 Have the potential limitations, 
weaknesses and constraints of the 
solution under research been 
identified and assessed?  
- The solution under research may be 
bound by certain constraints, such as 
time, geographical location, 
environment, cost of solutions or 
others. 
- Qualitative assessment on potential 
limitations. This will help orientate 
future validation activities. Optional: It 
may be that quantitative information 
already exists, in which case it may be 
used. 

Achieved Levers and barriers for the adoption of ATM technologies are identified in 
D2.1 Levers and Barriers for the Adoption of New Technologies in ATM: Policy 
Approaches. An example of lever is a positive Cost-Benefit Analysis. The 
barriers identified include the implementation requirements and regulation, 
the high number of stakeholders or their reluctance towards change. 

Hypothesis and assumptions for the simulation environment are defined in 
D3.1 ITACA simulation model, which include the limitation of the study to civil 
aviation or the dependence of the demand with the ticket price, among 
others. The limitations observed in the scope and or results provided by the 
simulation model have been reported and described in D4.1 Participatory 
Simulations: Experiment Results and D5.1 Impact assessment of policies and 
regulations to boost ATM technology adoption. Moreover, recommendations 
to overcome these limitations and future improvements are proposed. For 
example, some actors can be represented in more detail (such as labour 
unions or technology providers) and the way to model the ATM technologies 
could include more factors that affect the decision-making process. 

TRL-1.8 Do fundamental research results show 
contribution to the Programme 
strategic objectives e.g. performance 
ambitions identified at the ATM MP 
Level? 

Achieved By providing guidance on the policies and/or the changes in the current 
regulations/institutional frameworks that can accelerate technology uptake, 
ITACA will contribute to facilitating the adoption and use of SESAR solutions, 
which will in turn contribute to the achievement of the ATM Master Plan 
ambitions. See section 3.1. 
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ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.9 Have stakeholders been identified, 
consulted and involved in the 
assessment of the results?. Has their 
feedback been documented in project 
deliverables? Have stakeholders 
shown their interest on the proposed 
solution? 

Achieved 14 ATM experts have joined the project's Advisory Board. They were involved 
in the definition of the policies and levers and barriers for technology 
adoption investigation, which was reported in D2.1 Levers and Barriers for the 
Adoption of New Technologies in ATM: Policy Approaches. They participated 
in the validation activities of the ABM model and their feedback has been 
collected in a final workshop for fine-tuning the final recommendations and 
guidelines. 

The CDE period has been used for more extensive communication and 
dissemination of the results with policy makers. Particularly relevant was the 
participation of DG MOVE in the Final Dissemination Event. In this event, the 
potential exploitation strategies for the results of the project were discussed 
with the Advisory Board, who provided their insights and interests in the 
matter. 

TRL-
1.10 

Have initial scientific observations 
been communicated and 
disseminated (e.g. technical 
reports/journals/conference papers)? 

Achieved The CDE Plan (D6.2 Communication, Dissemination and Exploitation Plan) 
includes a number of communication and dissemination activities that have 
been carried out during the project, including conference and journal papers 
that will be made available as open-access. 

Intermediate results included in the different deliverables were presented at 
several conferences, such as a paper presented at the Winter Simulation 
Conference or another paper presented at the ATM Seminar 2021. A journal 
paper has been submitted to the Journal of Air Transport Management. 

https://www.sesarju.eu/
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ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-
1.11 

Are recommendations for further 
scientific research documented? 

Achieved Future research has been identified and documented in Section 4.3 and in 
D5.1 Impact Assessment of Policies and Regulations to Boost ATM Technology 
Adoption. It should include: 

• Refinement of some of the assumptions made in both the economic 
models and the agent-based model. This may require the collection of 
additional data that were not available for the present project. 

• More extensive testing of technologies, based on in-depth CBA analyses 
which are now often missing. 

• Evolve the model to allow for more technology depending assumptions 
while keeping the model as generic as possible such that a wide range of 
technologies/policy options can be tested. 

• Make the models more user-friendly such that non experts can use them 
and interpret the results more easily, including an easy presentation of 
aggregated and disaggregated results per stakeholder. 

• Use the model developed to assess further the mechanisms that emerge 
when implementing a policy, attending to specific behaviours in a set or 
subset of agents. 

• Improve the performance framework by adding indicators when 
necessary (e.g., noise reduction), in order to understand the specific 
implications of certain technologies. 

 

https://www.sesarju.eu/
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4 Conclusion and Lessons Learned 

4.1 Conclusions 

The ITACA project has delivered an assessment framework of ATM technology adoption processes by 
combining a set of methodologies that range from classic innovation and technology adoption research 
methods to economic models and state-of-the-art computational behavioural modelling validated 
through gaming experiments. 

With this assessment framework, a set of case studies were analysed, providing quantitative metrics 
to accurately benchmark the proposed policies. In the light of the results, we have concluded that the 
cost-plus pricing policy performs the best, especially combined with other policies such as 
best-equipped best-served, subsidies and mandates. The technology that wants to be incentivised also 
plays a role in the selection of the combinations. Depending on its CBA, if the technology is already 
delivering benefits, some economic incentives are enough to obtain the desired uptake, but if the 
technology has low return of investment rates, requiring large times to produce benefits, then penalty 
policies (e.g., mandates) are to be applied to increase the adoption of the technology. Mandates with 
economic penalties are clearly an efficient way of obtaining a rapid uptake of ATM technology. It could 
be justified to apply them, once identified the strictly needed penalty, when the CBA of the technology 
is not attractive for adopters but the operational benefits at network level outweigh the individual 
losses. However, policy makers should note the low popularity of this type of measure and the its low 
scoring in the economic indicators for some case studies. We do note that in the economic modelling 
mandates proved to be welfare increasing as they also lower the uncertainty of choosing the right 
technology. Hence the conclusions with respect to mandates are not homogeneous and depend on 
the technology investigated. 

The exploration of the parameters of the technologies to see how it changes the behaviour of the 
agents allowed us to conclude that the quantities of the penalties and incentives should be carefully 
calculated for each technology so the desired adoption is reached without hindering other parameters 
such as the social welfare. In some cases, the increase of penalties or incentives may lead to a change 
in behaviour of the adopters, e.g., high incentives to airlines in the best-equipped best-served policy 
change the behaviour of the ANSPs, lowering the technology adoption with respect to the reference 
case. 

It is clear that there is not a unique policy measure that fits all technologies: a thorough assessment of 
the technology is needed for the identification of the policies that will incentivise its adoption. 
Technologies proven to be effective and beneficial can be incentivised just by modifying navigational 
charges (depending on who is the principal adopter and the distribution of benefits and costs per 
stakeholder), while technologies with more interdependencies may need enforcement mandates to 
promote their adoption.  

These conclusions are compatible with the lessons learnt form the economic modelling exercise 
performed in D2.1. There we saw that (i) the adoption of technologies that require several parties to 
make investments can often be problematic, as one or some of the agents required to invest are not 
seeing any benefits and will need some extra incentives to adopt, (ii) adoption behaviour depends on 
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the technology and (iii) while the best-equipped best-served policy provides the right incentives for 
the airlines, it can be detrimental for ANSPs. 

At the Final Dissemination event, the project agreed with the SJU and the members of the Advisory 
Board on the need to simplify and improve the way in which the results provided by the ITACA Policy 
Assessment Framework are displayed, for example, by discretising the results by type of stakeholder 
and technology to be incentivised, which has been addressed in D6.3. However, there is room for 
improvement in the way of reporting the observed results, as discussed in Section 4.3. 

Table 5: Project objectives achievement 

Objective Achievement Rationale / link with conclusions 

O1 Achieved The main drivers and barriers were depicted in WP2 activities. Out of 
it, the set of policies included in  

Table 1 were obtained, in order to tackle the barriers identified in D2.1. 

O2 Achieved The agent-based model that forms the ITACA assessment framework 
has been described in detail in D3.1. It allows for the representation of 
complex interactions between the stakeholders involved in the 
simulation. 

O3 Achieved The assumptions and economic behavioural biases represented in the 
model were validated through a set of participatory simulations, 
finding that the model performs correctly under a wide variety of 
situations. The complete assessment is included in D4.1. 

O4 Achieved The results for the assessment of the policies proposed are included in 
D5.1 for 3 different case studies and were validated at the Final 
Dissemination Event. 

O5 Achieved ITACA Policy Assessment Framework has been defined, as stated in 
Section 3.1. It aims at supporting the design of measures and 
regulations intended to accelerate the adoption and deployment of 
new ATM technologies. The framework is properly defined and it was 
validated at the Final Dissemination Event. 

4.2 Technical Lessons Learned 

Along this report we have seen the strengths of the ITACA agent-based model. The representation of 
the most important actors in the European ATM industry makes it possible to capture general trends 
and mechanisms inherent to the system. The model has been validated through a set of participatory 
simulations, in which the participants and experts that analysed the results concluded that the 
individual and global behaviour of the agents involved is represented as they would expect, providing 
plausible results. It should be noted that the design of the individual behaviour of each agent was 
designed from the beginning following the insights obtained from ATM experts and their parameter 
behaviour has been fine-tuned by comparing it with historical data.  

In addition to the positive final results, ITACA has proposed a novel methodology for agent-based 
model design and validation through participatory experiments that not only concerns the aviation 
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sector but is also applicable to other domains. Still, as with any studies, the results of the validation 
obtained do have certain limitations. The main limitation is that the model has only been validated for 
participants representing three agents/adopters and not for other agents like labour unions, 
manufacturers and technology providers. Another limitation is the combination of technologies and 
policies forming the scenarios: although chosen by domain experts, it is not possible to exclude the 
possibility of producing biased datasets and leading to overfitting of the model. These limitations do 
not undermine the insights gained from the study and can serve as a guide for future research. 

The sensitivity analysis performed on the input variables of the model provides results that follow what 
should be expected a priori. A remarkable result is the non-linear behaviour shown by the airport 
agents when the price demand elasticity is set close to the bounds of the value found in literature. A 
more detailed analysis of the assumptions on the elasticity of the demand with respect to airport 
charges is required to increase the robustness of the model. 

Other lessons learnt in relation with the application of the ITACA agent-based model to the study of 
technology adoption are:  

• There is room to represent in more detail labour unions and technology providers.  

• The assumptions on the exogenous variables may be too strong. Some of them present 
interconnections (e.g., fuel-demand, salary change-demand) that are not represented. The 
actions of the airlines would be more realistic if the exogenous variables could influence each 
other. 

• The analyses made were hindered by the lack of good CBA documentation. For many 
technologies information is either not available or not complete enough to feed into the models. 
Hence, where needed, additional assumptions were made by the consortium, but the results 
would have been more robust if SESAR technologies were systematically the subject of a (S)CBA 
and this would be publicly available. 

4.3 Plan for next R&D phase (Next steps) 

As for the economic modelling reported in D2.1, a possible extension would be to introduce 
uncertainty and drop the assumption of perfect information. Improving communication and signalling 
investment intentions between ASNPs and airlines could reduce uncertainty and accelerate the uptake 
of technologies, especially of technologies where the benefits are contingent on the investment 
decision of the other parties. Another extension would be dropping the assumption that ANSPs move 
simultaneously. Finally, it would be interesting to apply the model to the technologies used in the case 
studies of WP5, each with their specific characteristics. 

The agent-based model presented and described in D3.1 could be further improved to make it more 
realistic, e.g., by improving the modelling of labour unions and technology providers and extending its 
capabilities for the analysis of other technologies and policy measures. Also, this simulator engine 
could be coupled with a visualisation module that helps the user explore in an interactive manner a 
wide range of parameters and indicators. Such tool would be highly beneficial for researchers, ATM 
experts and policy makers to perform what-if analysis of the adoption of any SESAR solution. This 
research branch is aligned with stakeholders’ expectations extracted from the Final Dissemination 
Event, who considered necessary to come up with a more intuitive and compelling representations of 
results. First, it was pointed out that adding results per stakeholder type and technology would be 
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beneficial for the analysis of trade-offs between ATM agents. Second, it was suggested to improve the 
performance framework by adding indicators, when necessary (e.g., noise reduction), in order to 
understand the specific implications of certain technologies. The number of policies compared in each 
analysis should be reduced as well to allow a more rigorous benchmarking. Finally, the simulator could 
be further evolved by creating a metamodel that replicates the outcomes of the ITACA simulation 
model, enabling the users to obtain results in real-time. 

In addition to the technical enhancements of the simulator, the analysis methodology may provide 
further insights. Agent-based modelling allows the obtention of elementwise piece of data, by 
analysing each decision made by all the agents involved in the simulation and the factors that drive 
said decision. With that in mind, the model could be used not only to look at aggregated and 
disaggregated indicators but also to look in depth at the mechanisms driving agents’ decisions, 
providing a more qualitative analysis of the impact of the policies on the behaviour of the stakeholders. 
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Appendix A Terms and acronyms 

A.1 Glossary of terms 

Table 6: Glossary 

Term Definition Source of the definition 

Use Case ATM concepts and technologies Own 

Case Study Specific operational environment Own 

A.2 Acronyms and Terminology 

Table 7: Acronyms and technology 

Term Definition 

ABM  Agent-Based Model 

ANSP Air Navigation Service Provider 

ATC Air Traffic Control 

ATM Air Traffic Management 

DAC Dynamic Airspace Segmentation 

DUC Determined Unitary Costs 

EU European Union 

i4D Initial Trajectory Information Sharing 

KTH Kungliga Tekniska Högskolan 

OI Operational Improvements 

R&I Research and Innovation 

SESAR Single European Sky ATM Research Programme 

SWIM System-wide information management 

S3JU SESAR3 Joint Undertaking (Agency of the European Commission) 

TRL Technology Readiness Level 
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Appendix B Experimental plan for the validation of the 
ITACA simulation model 

B.1 Overview 
The ITACA project aims to shed light on the factors and the drivers and barriers for the adoption of 
new technologies in ATM, with the goal of supporting the identification, formulation and 
implementation of policies and regulations that accelerate ATM modernisation. An initial qualitative 
and quantitative study of the levels and barriers for ATM technology uptake has been performed. The 
result of this assessment is a list of policy measures which should be implementable in a relatively 
short time frame. These will then be further assessed within the ITACA project using an agent-based 
model.  

Validation activities are to be performed at two levels: 

1. ITACA ABM validation, which aims at verifying the assessment tool that will be created during 
the project. The related validation activities consist in participatory experiments that will be 
performed in WP4. This draft focuses on the planning of these activities. 

2. Policy measures and recommendations validation, aiming at validating the conceptual policies 
to accelerate technology adoption through extensive simulations employing the ITACA ABM 
assessment framework. These tasks are included in WP5. The planning of policy validation 
activities will be included in a next update of this document. 

The validation of agent-based models implies assessing the extent to which the model, from 
assumptions to results, is capable of approximating reality. To this end, different methods have been 
proposed, but yet no widely accepted procedure has emerged (Le Pira et al., 2017). Gaming methods 
have been suggested as a way of validating agent-based models, but relatively little work has been 
done on actually implementing a useful combination in a rigorous way. In the social simulation 
community, there have been attempts to validate agent-based models with games, and in the 
behavioural economics field the use of game-like experiments and parallel ABM is also well noted. 

The combination of an explicitly modelled set of technological policy options into an agent-based 
model and a participatory game that are based on the same conceptual structure, and thus comparable 
with each other, is a relevant methodological contribution of the project. This contribution is perfectly 
linked with the objectives of the project, envisioning a detailed validation of the simulation model in 
WP4.  

B.2 Methodology 
The ITACA simulation model will provide quantitative results (e.g., stakeholders surplus, terminal ANS 

costs, etc.) while further analysis of those simulation outputs will produce qualitative results (policy 

assessment). The validation activities described here target the first ones. 

Behavioural assumptions and decision-making parameters will be validated through series of gaming 
experiments that involve real ATM stakeholders. There exist three main methods to calibrate and 
validate agent-based models against participatory simulations and games: (i) the comparison of the 
outcomes of the agent-based simulations at the aggregated level against similar set up participatory 
simulations; (ii) the comparison of the state-changes of individual stakeholder behaviour in the 
participatory simulation versus that of the similar agents; and (iii) human-in-the-loop simulations, 
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where the role of some individual agent is taken by humans, so that the software agents can then learn 
the behavioural patterns of the human, for instance through machine learning. Within ITACA we will 
adopt the first two methods. The approach based on the comparison of outputs at the aggregated 
level will be used to evaluate which parameter configurations of the agent-based model match the 
outcomes of the participatory simulation. The calibration process will consist in adjusting inputs to 
match the valid (human-observed) outputs. The proposed approach is described in detail by Tykhonov 
et al. (2008) and Barreteau et al. (2010). The comparison of the individual state-changes of the 
stakeholders that participate in the behavioural experiments versus those of the corresponding agents 
will be used to analyse the sensitivity of stakeholders’ behaviour to different policy proposals, 
following the approach described by Meijer (2012) and by Anand et al. (2016).  

For further details on the planning, methodology and outcomes of the model validation activities, we 
encourage the reader to read D4.1 Participatory Simulations: Experiment Results. 

The model considered several performance areas when defining their outputs and Key Performance 
Indicators (KPI), which are based on SES, ICAO and SESAR Key Performance Areas (KPA) and indicators. 
Additional economic KPAs and KPIs have been added in order to eventually assess the overall social 
welfare, surplus and distributional effects of the different policies tested by the model.  

The ABM validation activities will compare the outcomes within said KPAs obtained by both model and 
ATM experts in the participatory experiments. Additional validation of the correct selection of KPIs 
might be included in the study. 

B.3 Validation approach  

B.3.1 ITACA ABM validation 
The validation activities of the ABM model include two phases: a first phase that analyses the general 
assumptions of the model and a second phase that validates the parameters of the modelling driving 
the decision-making behaviour. 

Model and validation assumptions 

For a correct assessment, gaming experiments should be based on the same hypotheses and 
assumptions considered for the ABM. Those hypotheses are listed in D3.1 ITACA simulation model. For 
the sake of clarity, we will list them here, despite incurring in duplicities: 

• Stakeholders involved: 

o ATM ecosystem is a worldwide structure formed by many different types of actors. On 
the operational side we may think about stakeholders such as Air Navigation Service 
Providers (ANSPs) for en-route and terminal phases, the Network Manager (e.g., 
EUROCONTROL in Europe), airports or airlines and remaining Airspace Users (AUs). ATC 
tasks require specific equipment, designed and developed by technology providers and 
aircraft manufacturers. Universities and research centres also collaborate in Research & 
Development of said technologies. In addition, many of the stakeholders mentioned are 
linked to labour unions representing some of the professional groups involved (e.g., Air 
Traffic Controller Operators labour union). Finally, above all of them we can find the 
regulatory bodies, including certification authorities, safety agencies and national 
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governments. We are going to focus on the following groups, classified attending to their 
role in the technology adoption process: 

▪ Adopters: ANSPs, Airports, Airlines, Network Manager*. Main Role and Objective: 
Achieve an optimum result in their operational tasks. New technology is for them 
an enabler to achieve this goal. Decisions: Technology adoption. Agents they 
interact with: All. 

▪ Technology providers: Technology providers (ground/airborne, including aircraft 
manufacturers). Main Role and Objective: Provide a set of ATM technologies to the 
adopters. Decisions: Set market prices. Agents they interact with: Adopters. 

▪ Regulators: Policy Makers, Safety Agencies, Network Manager*. Main Role and 
Objective: Monitor and execute the applicable policies in order to ensure the global 
welfare. Decisions: Decisions derived from the policy in case and its compliance by 
the adopters. Agents they interact with: Adopters. 

▪ Labour unions: Labour unions. Main Role and Objective: Lobby adopters in order to 
defend the labour conditions of their guild. Decisions: Obstruct or support a 
deployment. Agents they interact with: Adopters.  

o We focus on civil aviation, neglecting the adoption of technology made by the military.  

• Dependencies on other sectors/industries: 

o Major disruptions in aircraft design are not considered. Evolution in fuel efficiency is taken 
into account, using forecasts from the major aircraft and engine manufacturers. 

o Trends in aircraft type preferences are not modelled (e.g., narrow-body vs wide-body 
aircraft in short haul flights). 

o We consider competence with other existing and new transport modes (e.g., rail, 
hyperloop) to be out of the scope of this study.  

• The so-called exogenous variables are variables that affect the state of the agents in the 
simulation, are imposed on the model and whose value is determined outside the model. Some 
of the variables that we consider suitable to be imposed to the model are the following: 

o Although aviation is an important sector in global economy, ATM is relatively small 
compared to it. Therefore, we assume that global trends will not be affected due to 
changes in the ATM industry. 

o Economic indicators such as GDP projections, inflation, fuel price and unitary labour cost 
(per state) forecasts are not affected by the evolution of the simulation. 

o Socio-demographic indicators, including traffic demand and population growth, are 
variables exogenous to the model.  

o Technological development and engine efficiency over time is imposed in the simulation. 
Agents are capable of selecting between the different technologies available.  

o Policies are imposed in each different scenario. One reason is that policy measures always 
define the rules that every actor must follow. Moreover, selecting by hand the policies to 
be tested as exogenous variables, what-if tests may be performed. 
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• The technology adoption process is affected in the model by the following factors: 

o Economic 

▪ A strong emphasis is placed on Cost-Benefit Analysis of the technologies, including 
assessment of risks and uncertainties in their future outcomes.  

▪ Economical perception and decisions are modulated according to Behavioural 
Economics insights. The inclusion of biases such as loss aversion and hyperbolic 
discounting increases the realism present in actors' decision-making. The including 
of said factors are one of the novelties of this work.  

o Technical 

▪ Features inherent to ATM technologies are also taken into account for deciding 
whether to implement it or not.  

▪ Some technical aspects considered are: technology complexity, implementation 
times or interoperability of the new technologies with legacy ones.  

o Social 

▪ Expectations and beliefs of labour unions. When their expectations are not met or 
their particular sector faces redundancies, strikes may be taken in order to oblige 
stakeholders to change their decisions regarding a given technology. 

▪ No lobby is considered in the definition or implementation of the policies.  

o Political 

▪ Regulatory measures and policies affect the aforementioned factors, changing the 
final outcome of the different stakeholders involved in the simulation. 

▪ Although political interest plays a role in the process that we are analysing, it is not 
taken into consideration. The mechanisms underlying this factor are too 
complicated and subjective to be taken into account. As a result, effects such as 
protection of national industry and reluctance to adoption of options endangering 
airspace sovereignty (e.g., multi-national ANSPs) will not be captured.  

Nevertheless, additional assumptions may apply for the elaboration of the gaming experiments. 

The following type of variables have been identified with relation to the validation of the ABM model: 

• Independent: Stakeholders’ decisions. 

• Dependent: Outputs (e.g., social welfare, ANSP surplus, etc.). 

• Control: exogenous variables 

1st Phase of the Participatory Experiments 

The questionnaire to be used in the participatory experiments is designed specifically for the purposes 
of the project, to validate ABM assumptions. The majority of the questions are close-ended; the 
answers are either binary (yes or no and accept or reject), numerical (specifically participants are asked 
in two occasions to evaluate the risk in percentage of the minimum and maximum risk for a technology 
to be a success or failure respectively) or participants are asked to sort different solutions based on 
their probability to be accepted and implemented. In the last part of the questionnaire, as it is 
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explained in more detail below, there is one open-ended question about why participants would 
change their previous answers based on the answers of other agents. While the format of that last 
question is open-ended, we expect that the different answers will be limited, in the sense that there 
will be only but a few reasons why experts would change their answer, e.g. they believe that the other 
agent is more experienced in this particular subject. Therefore the analysis would be to sort the 
different answers based on their frequency. 

Since the questionnaire is designed specifically for the purposes of this project, it has passed two stages 
of validation. The first draft passed a face validity by being examined internally at KTH by 3 different 
experts, which their input further fine-tuned the questionnaire. Finally, the first two interviews with 
ATM experts, in addition to collect data for the experiment itself, will also be used to pinpoint any 
discrepancies in the questionnaire and finalize its form. Due to the nature of this research, being able 
to test the questionnaire with more experts will not be possible. The number of experts in the field 
and the subset of that experts to whom we have access and are likely to be willing to participate in the 
project is quite limited. Given the restrictions with regards to the number of potential participants and 
the fact that they are well established experts in their field, we determined that 2 experts, in addition 
to the face validation, would be enough to fine-tune and validate the questionnaire. 

The participants, as already mentioned, will be ATM experts from ITACA’s Advisory Board, participating 
individually in the experiment. In the beginning of the interview, participants are informed about the 
assumptions based on which the behavioural experiment is built. Then, in the remaining of the 
interview, they fill out a questionnaire, which consists of 4 parts as follows: 

1. Four different technology proposals are introduced, indicating expected costs and benefits for 
each of them. Two of the proposals concern technologies that have been introduced in the past 
in ATM, whereas two concern technologies that have future potentials. 

2. Participants identify themselves with regards to their expertise, so a connection with the agents 
(airport, airline, ANSP or Network Manager) in the model can be made. Then, the main part of 
the interview takes place, in which participants answer questions related to the technologies 
presented earlier, i.e. accept or reject, and questions related to the behavioural aspects of the 
model. 

3. Participants, under the role of the stakeholder they represent, are asked to rank the technology 
proposals based on their likelihood to be accepted by the other agents. The objective of this part 
of the interview is to check the perspective that agents have about the rest of the agents, and if 
the assumptions that have been considered about them match the vision that the people 
involved in ATM have. 

4. In the last part of the questionnaire, participants are asked whether they would change their 
answer knowing the answers of the rest of the agents. The objective of this part of the interview 
is to assess what do they think regarding the decisions-making process of the rest of 
stakeholders and how their behaviour would affect their own decision-making process. 

The results of the questionnaire are analysed as follows: 

• Categorical: Answers like yes or no and accept or reject will be converted in frequencies, e.g. 
80% yes and 20% no, on which thereafter the t-statistics test will be applied to determine 
whether statistically significant difference exists. 

• Ordinal: In Part 3, where participants are asked to sort the technologies based on their 
probability to be accepted by the other agents, the ranking of each answer will determine the 
number which is assigned to it, e.g. 1: Automatic Dependent Surveillance–Broadcast (ADS-B), 
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2: Unmanned Traffic Management (UTM), 3: Time Based Separation (TBS), 4: Flight Deck 
Interval Management (FIM). Then, like we would do if we were using the Likert scale, the 
average will be calculated and again the t-statistics test will be applied to determine whether 
statistically significant difference exists. 

• Numerical: Being the most straightforward ones to calculate, e.g. there is 80% probability that 
a technology would be beneficial, the t-statistics test will be applied to determine whether 
statistically significant difference exists. 

• Open-ended: As explained above, in the one question that is open-ended, we expect that the 
different answers will be limited. Therefore, their frequency will be calculated and again the t-
statistics test will be applied to determine whether statistically significant difference exists. 

2nd Phase of the Participatory Experiments 

Experts will participate in a participatory simulation containing ITACA’s simulation model output that 
aims at validating the decision-making process of the agents (stakeholders). Pre-computed data will 
be stored in a database for several scenarios, which would be the combination of behavioural 
parameters for the different agents, showing the real output of the model for the decisions they will 
perform in the experiments. 

The participatory simulation would have two modes, a single-player and a multi-player. In the 
single-player mode, there will be two options to interact with the model: 

1. Playing in the model: the participant will assume the role of an agent, the agent that corresponds 
to his or her expertise. The remaining agents will be run by the model itself. The aim of this 
method is to validate the model in an individual/agent level, by actually having experts playing 
the role of agents. 

2. Playing with the model: the participant tweaks the parameters of the model to see how the 
model reacts. The aim of this method is to validate the model in a system/aggregated level. 

In the multi-player mode, only the first method will be implemented, i.e. playing in the model. In this 
case, several participants will assume the role of all or some of agents; in the latter case, the remaining 
agents will be run by the model itself. The aim of this method is to validate the model in an 
individual/agent level by giving more emphasis to the relationships among agents, as opposed to the 
single-player mode. It has not been determined whether the second option, i.e. playing with the model, 
will be implemented. The reason for that is the challenge it poses to have multiple participants 
tweaking parameters at the same time. While it is technically feasible, it would be very difficult, if 
possible, to produce results that could be analysed, since in many cases it would not be possible to 
determine which change produced a certain result. 

Intuitively, the multi-player mode should be preferred, since it provides increased insight into the 
relationships between agents. However, it comes will some disadvantages, due to which a large part 
of the participatory simulation will be conducted in single-player mode. These disadvantages are: 

• The logistical challenges of coordinating 10+ professionals. 

• Due to the tight schedule of the participants, at the best-case scenario, two to three sessions 
will be conducted, each one consisting of 20-30 exercises. It is not a bad outcome but still it is 
not enough to have concrete conclusions. 

• As explained above, multiple participants would produce multiple and simultaneous inputs, 
which would make the analysis and the determination of correlations and causations 
cumbersome. 
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• It is inherently more difficult to build an interface and the mechanics for a multi-player game 
compared to a single-player one. 

B.4 Data and software collection and generation 

B.4.1 Purpose of the data collection/generation 
The goal of the ITACA data collection activities is to provide access to the data extracted from the 
interviews, gaming sessions and other feedback during the project, as well as data required for the 
definition and calibration of the agent-based model. These data will be analysed and combined during 
the project to extract relevant information about the technology adoption process in the European 
ATM sector. 

The data generated by the project will consist of the data resulting from the analysis and modelling 
tasks conducted over the data collected. These tasks will allow the project to translate the observed 
behaviour into relevant indicators and explanatory insights for the adoption of technology in the ATM 
system. 

The collected datasets and the data generated from them that will be stored can be grouped according 
to the following categories: 

• (C1) - Interview data 

• (C2) - Behavioural experiments’ data 

• (C3) - Agent-based model definition and calibration data 

• (C4) - Policy assessment data 

B.4.2 Features of the collected/generated data 
Data is essential for all the project objectives, which are listed here:  

• (O1) - The identification of drivers and barriers for technological change in ATM and selection of 
a set of policy measures, which requires the data obtained from personal interviews and expert 
consultation as well as the data generated from the economic modelling, which will be 
numerically illustrated 

• (O2) - The development of an agent-based model of the R&I lifecycle, which will incorporate the 
data required for model definition and calibration 

• (O3) - The validation of the model through a set of participatory simulation experiments 
involving the direct participation of ATM stakeholders, which will require the data extracted 
from these experiments 

• (O4) - The provision of a set of policy assessments, which will be based on the data generated 
by the model. 

The following table summarises datasets identified at the moment of the elaboration of this document 
that are foreseen to be collected or generated in relation with the elaboration of ITACA’s ABM (C3) 
and its validation activities(C2). 
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Dataset Description Category 
Collected / 
Generated 

Origin Format 
Expected 
Size 

Used by Openly available 

Raw data from 
behavioural 
experiments 

The insights from role-playing 
games (e.g., written answers) 
conducted in WP4 will be 
gathered in different formats 
for further analysis. 

Expected to contribute to 
objective O3. 

C2 Collected ITACA Advisory 
Board 

Excel, 

PDF 

5 MB / 
person 

KTH No, due to GDPR rules. 
Aggregated and 
anonymised results will 
be included in deliverable 
D4.1 ensuring ethics 
requirements. 

Recordings of 
behavioural 
experiments 

The role-playing games 
conducted in WP4 will be 
recorded for further analysis. 

Expected to contribute to 
objective O3. 

C2 Collected ITACA Advisory 
Board 

MP4 500 MB / 
person 

KTH No, due to GDPR rules. 
Aggregated and 
anonymised results will 
be included in deliverable 
D4.1 ensuring ethics 
requirements. 

Processed data 
from 
behavioural 
experiments’  

T4.2 and T4.3 will conduct 
behavioural experiments in 
order to obtain data 
comparable with the outputs of 
the agent-based model. This 
data will be used to support the 
calibration and validation of the 
agent-based model. The results 
are basically the processed data 
obtained from the two previous 
datasets. 

Expected to contribute to 
objectives O2 and O3. 

C2 Generated ITACA Advisory 
Board 

Excel/ 

PDF/ 

Word/ 

PowerPoint 

20 MB / 
person 

KTH and 
Nommon 

Yes, ensuring ethics 
requirements 

EUROCONTROL 
ACE reports  

ATM Cost-Effectiveness (ACE) 
reports of the different ANSPs 
within the EUROCONTROL area. 

Expected to contribute to 
objectives O1 and O2. 

C3 Collected EUROCONTROL PDF 6 MB / year Nommon 
and TML 

Yes, available at 
EUROCONTROL website 



D1.3 FINAL PROJECT RESULTS REPORT 

 

 

  

 

 

 

 
45 

 

 

 

Dataset Description Category 
Collected / 
Generated 

Origin Format 
Expected 
Size 

Used by Openly available 

ICAO Aircraft 
Engine 
Emissions 
Databank 

The ICAO Aircraft Engine 
Emissions Databank contains 
information on exhaust 
emissions of production aircraft 
engines. The databank covers 
engine types which emissions 
are regulated, namely turbojet 
and turbofan engines with a 
static thrust greater than 26.7 
kilonewtons. 

Expected to contribute to 
objective O2. 

C3 Collected EASA xlsx 663 kB Nommon Yes 

Airport charges Different sources consulted for 
gathering airport charges data 
across Europe, including 
Airlines 4 Europe (2016) 
Analysis of Airport Charges, 
AENA price guides or individual 
airports' table of charges (e.g., 
Dublin airport). 

Expected to contribute to 
objective O2. 

C3 Collected A4E 

AENA 

Dublin Airport 

pdf 2 MB Nommon Yes 

Airports’ 
financial data 

Airport economic data (e.g., 
costs and revenues) for 
different type of airports: 
private, public and hybrid. 

Expected to contribute to 
objective O2. 

C3 Collected ICAO pdf 2 MB Nommon Yes 

Airport 
operations data 

Includes traffic, arrival and 
departure delays, vertical flight 
efficiency, taxi-out additional 
time among other airport 
figures. 

Expected to contribute to 
objective O2. 

C3 Collected EUROCONTROL xlsx 100 MB Nommon Yes 
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Dataset Description Category 
Collected / 
Generated 

Origin Format 
Expected 
Size 

Used by Openly available 

Terminal ANSP 
cost efficiency 

The dataset contains the costs 
for the provision of terminal air 
navigation services, which is 
related to the following 
services: airport control 
services, airport flight 
information services including 
air traffic advisory services, and 
alerting services; air traffic 
services related to the 
approach and departure of 
aircraft within a certain 
distance of an airport on the 
basis of operational 
requirements; an appropriate 
allocation of all other air 
navigation services 
components, reflecting a 
proportionate attribution 
between en-route and terminal 
services. 

Expected to contribute to 
objective O2. 

C3 Collected EUROCONTROL xlsx 67 kB Nommon Yes 

Terminal ANSP 
ownership 

Different sources review the 
heterogeneous privatisation 
process in terminal ATC 
services suffered in some 
European countries. 

Expected to contribute to 
objective O2. 

C3 Collected CNMC 
CAA 
ATM Policy 

pdf 10 MB Nommon Yes 

En-route cost 
efficiency 

Dataset containing the en-
route total ANS costs (including 
ATM/CNS, MET, Payment to 
regulatory and governmental 
authorities and EUROCONTROL 
contribution), service units and 

C3 Collected EUROCONTROL xlsx 66 kB / year Nommon Yes 
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Dataset Description Category 
Collected / 
Generated 

Origin Format 
Expected 
Size 

Used by Openly available 

unitary costs at country and 
FAB level. 
Expected to contribute to 
objective O2. 

En-route ANSP 
Operations 
data 

IFR Flights, ATFM delays and 
horizontal flight efficiency. 
Expected to contribute to 
objective O2. 

 C3 

 
Collected EUROCONTROL xlsx 84 MB Nommon Yes 

ANSP 
Environmental 
data 

The total CO2 emissions for 
each State are contained in the 
database. They were calculated 
based on departing IFR flights 
billed by the EUROCONTROL 
Route Charges Office, aircraft 
type and actual flown distance 
(full trajectory from origin to 
destination). 
Expected to contribute to 
objective O2. 

 C3 

 
Collected EUROCONTROL xlsx 400 kB Nommon Yes 

Fuel price Historic prices and forecasts for 
jet fuel, kerosene or petroleum. 
Expected to contribute to 
objective O2. 

 C3 

 
Collected EIA xlsx 400 kB Nommon Yes 

Traffic demand 
forecasts 

The first annex to the summary 
report “European Aviation in 
2040” presents the update of 
the EUROCONTROL 20-year 
forecast of IFR flight 
movements in Europe up to 
2040. This forecast uses four 
scenarios to explore the future 
of the aviation and the risks 

C3 Collected EUROCONTROL pdf 10 MB Nommon Yes 
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Dataset Description Category 
Collected / 
Generated 

Origin Format 
Expected 
Size 

Used by Openly available 

that lie ahead: Global Growth, 
Regulation and Growth (most-
likely), Happy Localism and 
Fragmenting World. Figures for 
IFR at different levels are 
provided: top 20 airports, ECAC 
level and country level. 
Expected to contribute to 
objective O2. 

Adopters’ 
financial 
datasets 

These datasets refer to annual 
reviews, quarterly reports from 
stakeholders such as airlines, 
ANSPs or airports. These results 
are public and can be found in 
the investor and shareholders´ 
websites of those 
organisations. 
Expected to contribute to 
objectives O1 and O2. 

C3 Collected Adopters’ 
investor 
relations 

PDF 10 MB / 
adopter 

Nommon 
and TML 

Yes, available at 
stakeholders’ investors 
and shareholders´ 
websites 

Policy datasets Historical policy 
implementation related to ATM 
stakeholders  
Expected to contribute to 
objective O2. 

C3 Collected EC PDF 5 MB Nommon Yes, collected from public 
sources 

Historical strike 
datasets 

Reports dealing with the effects 
of aviation strikes on the 
different ATM stakeholders: 
monetary losses, aircraft delay, 
etc. 
Expected to contribute to 
objective O2. 

C3 Collected EC / DG MOVE PDF 5 MB Nommon Yes, collected from public 
sources 
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Dataset Description Category 
Collected / 
Generated 

Origin Format 
Expected 
Size 

Used by Openly available 

Funding 
programmes 
datasets 

Funding received by different 
stakeholders of interest aimed 
at development (H2020) and 
deployment (CEF) 
Expected to contribute to 
objective O2. 

C3 Collected EC PDF 5 MB Nommon Yes, collected from public 
sources 

Historical 
technology 
development 
pace datasets 

Number of patents or major 
technology outbreaks in ATM  
Expected to contribute to 
objective O2. 

C3 Collected Multiple 
sources (EPO, 
USPTO…) 

PDF 5 MB Nommon Yes, collected from public 
sources 



D1.3 FINAL PROJECT RESULTS REPORT 

   

 

Page I 50 
 

  

 

B.5 Research coordination and development 

B.5.1 Research data management 
The project aims to ensure that all the research data is findable, accessible, interoperable and reusable 
(FAIR) as well as that ethics and data security aspects are properly addressed. 

The mechanisms for sharing, verification, curation, preservation, reuse and further exploitation of the 
data used by the ITACA project are established in the Data Management Plan (DMP). The ITACA DMP 
includes information on: 

• what data will be collected, processed and generated, 

• the handling of research data during and after the end of the project, 

• which methodologies and standards will be applied, 

• whether data will be shared/made open access, and 

• how data will be curated and preserved (including after the end of the project). 

All the data will be documented and stored in such a manner that they will be searchable efficiently. 
This philosophy will increase the potential reuse of these data, both inside and beyond the project. 
The effective application of this principle requires the implementation of a consistent and meaningful 
meta-information for each dataset. To that end, ITACA adopted conventions on for metadata creation, 
naming, searching and control version management as stated in the DMP. 

The data collected by the project may be re-used by third parties only if allowed by the data owner. 
Under request, ITACA will provide the metadata to ease the identification of the datasets.   

The re-usability of the data generated by the project will be subject to the general principles for 
dissemination and transfer of results set in the ITACA Consortium Agreement and Grant Agreement. 
In particular, all the data generated will be shared for re-usability unless: 

• The protection of one Consortium Member’s results or background would be adversely affected. 

• Legitimate academic or commercial interests of one Consortium Member in relation to the 
results or background would be significantly harmed. 

• Compliance with ethical aspects 

The ITACA Consortium will ensure that no privacy or data protection rights are violated and that data 
management procedures comply with all relevant national and EU legislation. In particular, the 
Consortium will ensure full compliance with the European General Data Protection Regulation 
(Regulation (EU) 2016/679). Further details on ethical aspects are included in deliverable D7.1 H - 
Requirement No. 3. The Consortium will implement the necessary technical and organisational 
measures to ensure data security and prevent tampering, loss, or unauthorised access. 

Personal data (names, organisations, nationality, e-mail, phone, opinions, etc.) will be collected when 
contacting external experts to ask for information and inputs, which includes the validation activities 
described in this document. The data will be stored in the Project Information System, in a space 
restricted to the ITACA Consortium. 

https://www.sesarju.eu/
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B.5.2 Research data dissemination 
The data will be made open accessible in different ways according to their confidentiality: 

• Data which is only for the use of the Consortium will be accessible through the ITACA Data 
Repository for Consortium members, but not for the general public. 

• Data generated by the project and catalogued as public will be accessible through the ITACA 
website and an open access repository. 

The ITACA beneficiaries will deposit an electronic copy of the scientific publications and public 
deliverables produced during the scope of the project relating to foreground in an institutional or 
subject-based repository at the moment of publication, e.g. via the OpenAIRE portal 
(www.OpenAIRE.eu). In addition, beneficiaries will make their best efforts to ensure that this 
electronic copy becomes freely and electronically available to anyone through this repository (i.e., that 
it becomes “open access”) immediately. The same applies for the open and re-usable data (e.g., csv 
files with processed data) needed for the validation of the aforementioned deliverables and 
publications. 
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