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ISOBAR  
ISOBAR 

 

This Evaluation Report is part of a project that has received funding from the SESAR Joint Undertaking 
under grant agreement No 891965 ǳƴŘŜǊ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ 
programme. 

 

 

Abstract  

This document provides the final validation results of ISOBAR project. This corresponds to the following 
validation activities and exercises defined to evaluate the feasibility and benefits of the concept, the 
diverse supporting modules and the ISOBAR overall solution: 

¶ ACT01: Activity to assess the performance of a Machine Learning model providing probabilistic 
convective weather information; 

¶ ACT02: Activity to assess the performance of a Machine Learning model providing weather 
capacity reduction and imbalance prediction; 

¶ ACT03: Activity to assess the performance of a Machine Learning model providing mitigation 
plans; 

¶ ACT04: Activity to assess the performance of a Machine Learning model providing AU 
Preferred Trajectory alternatives; 

¶ EXE01: Human-In-The-Loop Validation Exercise to assess the ISOBAR Collaborative Framework 
and integrated prototype; 

¶ EXE02: Fast-Time Validation Exercise to assess the global operational performance. 

The exercise results are based on expert group judgement with qualitative feedback about the concept 
presented as a process in terms of data, tools, workflow and timeline, and data logs for quantitative 
results. 
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1 Executive summary 

ISOBAR solution improves current ATFCM process with the support of Artificial Intelligence predictors 
for weather, capacity and demand. The project develops four AI components:  

1. Meteo engine, improving storm forecasting and adapting it to ATM requirements;  
2. Hotspot detection, capable of producing probabilistic hotspot predictions;  
3. Airspace Users preferences, linking weather scenarios to re-routing demands; 
4. Hotspot solver, developed to minimize overloads in sectors by means of performance-driven 

mitigations.  
The concept under validation in ISOBAR has been addressed through validation tasks, organised 
around four activities and two exercises: 

- ACT01: Activity to assess the performance of a Machine Learning model providing probabilistic 
convective weather information. The scope of this activity is focussed on validating the 
prediction in the severity of storm, lightning location and storm overshoot over different flight 
levels (FL320, FL 340, FL360, etc.) 

- ACT02: Activity to assess the performance of a Machine Learning model providing weather-
related capacity reduction and imbalance prediction. This activity is focused on the assessment 
of hotspots considering: demand behaviour due to convective weather and capacity reduction 
(also due to convective weather). 

- ACT03: Activity to assess the performance of a Machine Learning model providing mitigation 
plans. Two main research streams have been initiated in order to develop one or many AI-
based DCB hotspot solvers. The first stream focuses on optimization-oriented methods, 
possibly enhanced with reinforcement learning. The second stream seeks to build a solver 
based mainly on reinforcement learning. This validation activity is conducted separately on 
each solver, to reveal the effectiveness of these DCB hotspot mitigation strategies produced 
by the AI engine, in comparison with a commonly used DCB hotspot solver. 

- ACT04: Activity to assess the performance of a Machine Learning model providing AU 
Preferred Trajectory alternatives. This activity is performed in a statistical way, considering 
that the history of filed Flight Plans handles the Airspace Users preferences through the 
frequency of use of a trajectory versus the complete history, which handle specific condition 
of trajectory filing. 

- EXE01: Validation Exercise to assess the operational acceptability of ISOBAR Collaborative 
Framework. The exercise covers the use case of detection and resolution of a Netspot in pre-
tactical phase (D-1) and re-assessed in the tactical phase (D-0). The objective is to validate the 
human (NMOC/FMP) interactions with AI components to manage convective weather 
situations.  

- EXE02: Fast-Time Validation Exercise to assess the performance benefits of the global solution. 
Qualitative and quantitative analysis is done to study the performance improvements 
expected in the areas of Capacity and Operational efficiency (Predictability and Punctuality). 
The ISOBAR prototype is run to produce a collaborative NOP and simulate via Fast-Time 
Simulation the implementation of the proposed mitigation measures from the playbook. 
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ISOBAR validation results for each activity and exercise have supported well the concept and proposed 
approach, as well as helped to unveil aspects to re-conduct or further investigate. 

The Met Engine shows the predictions provide consistent and accurate information starting with 
forecast available at D-1. On the operational side, the Meteo Engine raised positive feedback: the 
convective risk matrix has demonstrated to be a digestible information to FMP/NM allowing them to 
understand the probability and severity of the weather event as well as the propagation of the 
convection. The quality of convective weather information using AI is good compared to real 
thunderstorms observation and has demonstrated to be a viable step forward in the approach to 
identify convective problems 36 hrs in anticipation in the D-1 pre-tactical field. 

The AI method developed for weather capacity reduction prediction showed very positive feedback, 

and the ability to correctly predict the capacity drop has been proved. The prediction is considered 

very accurate, easy to understand and easy to adjust. It allows the FMP/NM to identify the cross-

border overloads and propagation of imbalances.  

The AI model to predict for Rerouting a most preferred AU trajectory showed positive results. The 
models provide pretty good results in terms of lateral prediction (route prediction), this is key as the 
ŀƭǘŜǊƴŀǘƛǾŜ ǊƻǳǘŜǎ ŀǊŜ ŎǊƛǘƛŎŀƭ ǘƻ άƘƻǘǎǇƻǘǎ ǎƻƭǾŜǊέ ƛƴ ƻǊŘŜǊ ƻŦŦŜǊ ŀƭǘŜǊƴŀǘƛǾŜ ƻǇǘƛƻƴǎΦ  

The DCB hotspot solvers, either based on optimization (Hyper-heuristics ς HH) or on machine learning 

(Multi-Agent Reinforcement Learning ς MARL), compute DCB measures (delay at departure and/or 

alternative route selection per flight) that are able to mitigate some or all hotspots in the region and 

time horizon of interest.  Compared with CASA algorithm, solvers modify 50-70% fewer flights, and 

prescribe 40ς75% less total delay.  

Positive feedback from FMP and NM demonstrates the acceptability on operational side. The first point 
concerning the NM pivotal role to propose a global optimized solution in critical situation management 
is agreed and validated. The second point concerning the collaborative framework both for D-1 and D0 
with clear assignment of roles, tasks and responsibilities is validated.  

It has been demonstrated a very good stability from D-1 to D0 (up to 36 hrs in advance) for the 
convective prediction, for the capacity reduction prediction and for the proposed solver solutions. It 
paves the way to anticipate ATFCM actions at D-1.  

In term of Performance Assessment, the environmental impact (fuel burn, CO2), the punctuality and 
predictability, the safety and the available capacity are maintained at fairly similar levels.  

The ISOBAR concept and AI technical elements demonstrate clear improvements of situational 
awareness, decision-making and performance. The conclusion is that it should be pushed towards the 
next phase, for which there have been already identified the following further improvements: 

- Integration with Optimized sector configuration : only demand mitigation measures (trajectory 
adjustment) have been addressed using automated aid-tool. Thus, combining in an optimized 
way demand measures and Dynamic Airspace Configuration should provide a very significant 
performance improvement. 

- Enriched Solvers (additional trajectory adjustment technics) : trajectory adjustment technics 
like lateral offset, In-¢ǊŀƛƭΣ ΧΦ {ƘƻǳƭŘ ōŜ ŜȄǇƭƻǊŜŘ ŀǎ ƛǘ ŎƻǳƭŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƳǇǊƻǾŜ ǘƘŜ 
performance.  
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- Solver strategy at D-1 and D0 : it needs to define strategy rules to trigger at the right moment 
and at the right location the right automated tool with the right optimization criterias. 

- Hotspot, Netspot, Coldspot, Protection Hotspot, EcoSpot enrichment : these areas are the 
vectors to guide the solver resolution. It needs to integrated these different objects properly 
in the resolution process. 

Flow monitoring : current tools and methodologies are based on sector monitoring and prevent having 
a regional view needed to manage critical cross-border issues. He must explore new ways to monitor 
the network using a flow-bases approach. 
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2 Introduction 

2.1 Purpose of the document 

This document provides the Validation Report for ISOBAR. It describes the results of the validation 
exercises defined in [27] and how they have been conducted; and provides a set of relevant 
conclusions and recommendations. 

It describes the results of the validation activities and exercises. The feasibility and benefits of the 
concept have been validated through the following validation activities and exercises: 

¶ ACT01: This activity has focused on the assessment of the probabilistic forecast of convection. 
The main objective of this activity is to present a statistical analysis of the performance of the 
meteo engine model. 

¶ ACT02: This activity has focused on the assessments of the hotspot determination considering 
capacity reduction and demand behaviour due to convection weather. 

¶ ACT03: This activity has  focused on the assessments of the performance of a Machine Learning 
DCB solver model providing mitigation plans. 

¶ ACT04: This activity has focused on the assessment of the performance of a Machine Learning 
model providing AU Preferred Trajectory alternatives. 

¶ EXE01: The objective is to validate the Human (NMOC/FMP) interactions with AI components 
to manage convective weather situations: 

- How to manage new information dealing with convective weather prediction, weather 

capacity reduction and automated resolution of weather problems? 

- How to manage the new collaborative process involving NMOC and FMP? 

¶ EXE02: This exercise has focused on the assessment of the performance benefits of the ISOBAR 
solution implementation to the ATFCM process, integrating probabilistic weather forecast 
information. Qualitative and quantitative analysis will be done to study the operational 
performance improvement and also the related KPIs in which we expect to have benefits 
(Capacity, Flexibility and Operational Efficiency). The simulation will address the pre-tactical 
D-1 time horizon using the ISOBAR solution to produce a collaborative NOP and simulate via 
Fast Time Simulation (RAMS Plus tool) the implementation of the proposed mitigation 
measures from the playbook. A selected set of days from August 2019 will be simulated, 
including relevant convective weather phenomena. The reference scenario will be based on 
the historical data and the solution scenario will involve the execution of the ISOBAR solution 
and the simulation of the impacted traffic through RAMS Plus. 

The exercise results are based on expert group judgement with qualitative feedback about the concept 
presented as a process in terms of data, tools, workflow and timeline, and data logs for quantitative 
results. 

2.2 Intended readership 

The intended audience of this document are: 
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¶ ISOBAR project partners, to ensure the consistency of the results and the collaboration 
between the concept elements.  

¶ {9{!w нлнл ǇǊƻƧŜŎǘ tWлф ά!ŘǾŀƴŎŜŘ 5/.έ ŦƻǊ ǘƘŜƛǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ bŜǘǿƻǊƪ tŜǊŦƻǊƳŀƴŎŜ 
Management and Monitoring. 

¶ The SESAR JU as programme manager and funder of the project. 

¶ EUROCONTROL Network Manager as candidate for exploitation of the ISOBAR solution. 

¶ The Cross-Border Weather Operation Initiative led by EUROCONTROL. 

¶ AU, ANSP and MET representatives. 

2.3 Background 

The concept definition is built on: 

- SESAR Wave2 PJ09 Solution 49: This project defines the framework to manage critical 
situations including weather events in terms of procedure, process, roles & responsibilities, 
workflow. 

- Cross-Border Weather Operation Initiative: This project aims to manage better adverse 
weather across the network with the cooperation of all ǘƘŜ ƴŜǘǿƻǊƪΩǎ ƪŜȅ ǇƭŀȅŜǊǎΦ  

Solution 49 and Cross-Border weather operations provides interesting features for the weather 
problem detection & resolution. In particular, Solution 49 provides: 

- Gate management/cross-border flow monitoring; 
- Netspot/delineation of linked- hotspots; 
- Formalization of the collaborative process. 

Compared to the SESAR Solution 49 that has defined the Gate and Netspots principles, in ISOBAR the 
additional work will consist of: 

- Identify and design the Gates to manage flows at the network level, to establish the capacity 
thresholds, and to assess the performance of this mechanism to monitor flow and apply flow 
rate. 

- Assess the Netspot management in the collaborative process to manage convective weather 
situations. 

Cross-Border weather operations provides: 

- Operational requirements for meteo forecast; 
- Principles for the resolution of weather operations illustrated with a concrete French 

Reims/Aix ACC scenario; 
- Formalization of the collaborative process; 
- Timeline/process. 

ISOBAR will re-use and will adapt the Cross-Border procedure and process but will provide AI 
components to digitalize the process, detection and resolution of weather problems. Cross-Border 
requirements for meteo forecast will be re-used fully. 

ISOBAR will re-use and will adapt the Solution 49 process and conceptual elements dealing with critical 
situation management but instantiated for weather operations management. In particular, the 
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concept of Gate and Netspot has been started in Solution 49. Since this solution is going to be closed, 
the development continuation is now performed in-house in EUROCONTROL and in ISOBAR. 

2.4 Structure of the document 

The document follows the SJU VALR template 02.00.01 for SESAR2020 and is structured in five chapters 
as follows: 

¶ Chapter 1: Executive summary. It states the main information and conclusions of the 
document. 

¶ Chapter 2: The Introduction describes the purpose of the VALR, the intended readership, the 
background from previous work, the structure of the document, the glossary of terms and the 
acronyms and terminologies that are used through the present document. 

¶ Chapter 3: Context of the validation. It presents the validation plan context, a summary of the 
ISOBAR, a summary of the Validation Plan including the purpose, and validations objectives 
and assumptions, and the deviations with respect to the VALP. 

¶ Chapter 4: SESAR Solution Validation Results. It brings out a summary and detailed analysis of 
the Validation results per validation objective and assesses the confidence of these results. 

¶ Chapter 5: Conclusions and recommendations. It summarises the conclusions on Solution 
maturity, concept, and technical feasibility and performance assessments; and provides 
recommendations for the next phase.  

¶ Chapter 6: References. It contains all the applicable and reference documents referred to in 
this document. 

¶ Annexes. This section provides the detailed report of each activity and exercise of ISOBAR and 
also the results of the Baseline Characterization from [27]. 

2.5 Glossary of terms 

The following table presents the terms and the related definition used in the document. 

Term Definition Source of the definition 

Coldspot The coldspot represents a traffic volume with available 
capacity highlighted to explicitly absorb more traffic, in 
particular flight candidates for re-routing. 

SESAR W2 Solution 38 

Netspot 

 

The identification of linked hotspots at network level 
rises the appearance of a Netspot. The geographical 
delineation of a Netspot is represented by a group of 
Traffic Volumes and/or Flows. 

SESAR W2 Solution 49 

Gate A Gate is a vertical surface made of an ad hoc 
geographical line, perpendicular to the flow to be 
captured, and a range of levels. For in-depth analysis, the 
network Gate can be divided into smaller surfaces to 
analyse sub-flows. 

SESAR W2 Solution 49 

Playbook Catalogue of weather scenarios defined and agreed by 
NM, ANSPs and AUs at the strategical level 

Cross-Border Weather 
Operations 
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Term Definition Source of the definition 

Protection 
Hotspot 

The Protection Hotspot represents non overloaded 
traffic volume but protected: new/unplanned flight 
needs formal acceptance from FMP 

SESAR W2 Solution 38 

System ¢ƘŜ ǘŜǊƳ άǎȅǎǘŜƳέ ƛƴ ŀƭƭ requirements refers to the 
NM/FMP platform with integrated new functions 
provided with ISOBAR solution. It refers to an advanced 
ATFCM HMI upgraded with ISOBAR AI components. 

 

Weather 
Scenario 

A weather scenario is composed of: 

- Static part: the principles and rules to apply DCB 
measures 

- Dynamic part: the set of measures provided by 
the AI Hotspot Solver 

Cross-Border Weather 
Operations & enriched 
by ISOBAR 

Table 1: Glossary of terms 

2.6 Acronyms and Terminology 

The following table defines the acronyms that appear in the present document. 

Acronym Definition 

A/C Aircraft 

ACC Area Control Centre 

ACT Activity 

ADEP Airport of Departure 

ADES Airport of Destination 

AHEC Actual Hourly Entry Count 

AI Artificial Intelligence 

AIRAC Aeronautical Information Regulation and Control 

ALDT Actual Landing Time 

ANSP Air Navigation Service Provider 

AOC Airlines Operational Communications 

APT Airport 

ATA Actual Time of Arrival 

ATC Air Traffic Control 

ATFCM Air Traffic Flow and Capacity Management 

ATFM Air Traffic Flow Management 
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Acronym Definition 

ATM Air Traffic Management 

ATOT Actual Take-Off Time 

AU Airspace User 

CASA  Computer Assisted Slot Allocation (algorithm used by the Network 
Manager to respond to network constraints) 

Cb Cumulonimbus 

CHG Change 

CNN Convoluted Neural Network 

CRM Change Restricted Manual 

CTA Calculated Time of Arrival 

CTOT Calculated Take-Off Time 

DAC Dynamic Airspace Configuration 

DCB Demand Capacity Balancing 

DLA Delay/-ed 

EC Entry Count 

ECR Entry Compliance Ratio 

ECTL EUROCONTROL 

eNM EUROCONTROL Network Manager 

ELDT Estimated Landing Time 

EOBT Estimated Off-Block Time 

EPS Ensemble Prediction Systems 

ER Experimental Research 

ETA Estimated Time of Arrival 

ETO Estimated Time Over 

ETOT Estimated Take-Off Time 

EXE Exercise 

FL Flight Level 

FMP Flow Management Position 

FN False Negatives 

FP Flight Plan 

FP False Positives 
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Acronym Definition 

FPR False Positive Rate 

FRA Free Route Airspace 

FTS Fast Time Simulation 

GATMOC Global Air Traffic Management Operational Concept 

HEC Hourly Entry Count 

HITL Human-in-the-loop 

HMI Human Machine Interface 

HP Human Performance 

ICAO International Civil Aviation Organization 

IFR Instrumental Flight Rules 

INAP Integrated Network and ATC Planning 

IHEC Initial Hourly Entry Count 

INP Initial Network Plan 

INTEROP Interoperability Requirements 

KPA Key Performance Area 

KPI Key Performance Indicator 

LDT Landing Time 

LSTM Long Short-Term Memory 

MIT Miles-In-Trail 

ML Machine Learning 

MTOW Maximum Take-Off Weight 

MV Monitoring Value 

Nb Number 

NLP Naural-Language-Processing 

NM Network Manager 

NMF Network Management Functions 

NMOC Network Manager Operations Centre 

NOP Network Operations Plan 

NWP Numerical Weather Prediction 

OC Occupancy Count 

OCC Occupancy 

https://www.sesarju.eu/


REPORT ON ISOBAR EVALUATION AND ROADMAP FOR ISOBAR B2B SERVICE 

 

  

 

Page I 24 
 

  

 

Acronym Definition 

OI Operational Improvement 

OSED Operational Service and Environment Definition 

OTMV Occupancy Traffic Monitoring Values 

OVD OverLoad 

PAR Performance Assessment Report 

PI Performance Indicator 

PR Precision-Recall 

RAD Route Availability Document 

RAMS Reorganized ATC Mathematical Simulator 

RBT Reference Business Trajectory 

RDT Rapid Development Thunderstorm 

REF Reference 

RHEC Regulated Hourly Entry Count 

ROC Receiver Operating Characteristic 

SBT Shared Business Trajectory 

SCN Scenario 

SECT Sector 

SESAR Single European Sky ATM Research Programme 

SG Steering Group 

SJU SESAR Joint Undertaking (Agency of the European Commission) 

SOL Solution 

SPR Safety and Performance Requirements 

TFV Traffic Volume 

TMA Terminal Manoeuvring Area 

TN True Negatives 

TP True Positives 

TPR True Positive Rate 

TV Traffic Volume 

UAC Upper Area Control 

UC Use Case 

UND UnderLoad 
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Acronym Definition 

VALP Validation Plan 

WP Waypoint/Work Package 

Wx Weather 

Table 2 :Acronyms and terminology 
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3 Context of the Validation 

3.1 ISOBAR: a summary 

The ISOBAR project integrates accurate and probabilistic convective weather forecasts in the Air Traffic 
Flow and Capacity Management (ATFCM) process applied both at local (FMP) and network (NM) level. 
These weather forecasts are an input to the demand and capacity prediction, so that both can be better 
characterised and imbalances between capacity and demand can be better anticipated. All the process 
aims at prescribing more adequate mitigation measures to ensure safety and maximise efficiency, 
stability, and capacity. 

To achieve this vision, ISOBAR foresees an ATFCM process supported by Artificial Intelligence 
predictors for weather, capacity, and demand and able to learn from feedback on effectiveness, as 
depicted in the figure below. In grey are represented the external data inputs and the un-addressed 
ATFCM operations, whereas in blue are the activities addressed in ISOBAR. 

 

Figure 1: ISOBAR enhanced ATFCM vision 

The final aim of the evaluation within the project is to confront the outcomes of the complete ATFCM 
and ATC processes as per ISOBAR solution with the reference performance framework and the results 
of baseline ATFCM based on historical data. In an operational implementation, the deviations, and 
outcomes from the tactical ATFCM process would feed the ISOBAR core to improve the machine 
learning engine for mitigation. 

ISOBAR develops four AI components in support of the ATFCM process aiming to manage critical 
weather operations at pre-tactical and tactical level (-24h up to the execution, with a focus on later 
tactical phases).  
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Figure 2: ISOBAR models developments 

The AI components that underpin the ISOBAR collaborative ATFCM processes, focusing on weather-
related DCB imbalances, are: 

1. AI Meteo Engine, improving storm forecasting with including probability and increasing the 
update frequency and the spatial resolution.  

2. AI Hotspot Detection, developing a library capable of taking the weather demand and capacity 
forecast outputs and producing probabilistic hotspot predictions.  
This model builds on the outputs of a capacity decay ML component, establishing spatial-
temporal correlation between historical weather data and airspace capacity values in order to 
be capable of predicting the decay linked to new weather situations. 

3. AI AU Preference, corresponding to the characterisation of AUs actions in response to adverse 
weather results in a catalogue of weather scenarios (Playbook) and reactions, linking weather 
scenarios to re-routing demands.  

4. AI Hotspot Solver, developed to minimize overloads in sectors. The objective is first to identify 
flights involved in Hotspots and to act on them for minimizing the associated overload. From 
selected weather scenarios in the Playbook, the AI Hotspot Solver may propose a combination 
of several actions like route change, taking into account convective cells locations and the 
current winds, or slot change to delay the entry of aircraft in sectors or altitude changes. The 
solution will consider AUs preference (provided by the AI AU Preference) and will also be able 
to learn from the effectiveness of ATFCM measures, based on in-flight feedback and the post-
analysis of the executed operations. 
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3.2 Summary of the Validation Plan 

3.2.1 Validation Plan Purpose 

ISOBAR Validation Plan aims at describing the validation context and the activities and exercises that 
have been taken place to validate the concept described in the OSED. 

The exercises and activities were validated in a cross-border geographical environments: 

- Spanish ACCs with ENAIRE/CRIDA 
- French ACCs with DSNA 
- Network Manager 

 
The four activities ACT01, ACT02, ACT03 and ACT04 were planned to validate the different AI modules. 
The exercise EXE01 ran in a shadow-mode environment with traffic corresponding to the D-day of 
operations: 

¶ 27th July 2019, 27th to 28th August 2019 with mainly Marseille/Reims ACC TVs and 
Barcelona/Madrid ACC TVs. 

The validation has focused on the En-Route Medium and High Complexity sub-operating environments 
and only ANSPs are considered in this exercise. The key ACCs chosen for the exercise are: 

¶ Reims, Marseille ACC for DSNA. 

¶ Madrid, Barcelona ACC for ENAIRE. 
 
The EXE02 has been executed in a Fast Time Simulation (using RAMS Plus), on the same days as for 
EXE01 but extending the studied airspaces to the following ACC: 

¶ July 27th, 2019. Marseille (LFMMACC), Karlsruhe (EDUUUAC), Vienna (LOVVACC), Zagreb 
(LDZOACC), Barcelona (LECBACC), 

¶ August 27th, 2019. Barcelona (LECBACC). 

¶ August 28th, 2019. Marseille (LFMMACC), Bremen (EDWWACC), Maastricht (EDYYUAC). 
 
The aim of EXE02 was to complement the EXE01 by replicating the ATCFM process from D-1 to D0 and 
evaluate the effectiveness of the concept. 

3.2.2 Summary of Validation Objectives and success criteria 

Objective Explanation 

Objective #1: Characterisation of 
Convective Weather. 

Precise characterisation of convective weather cells from H-24 
to H0, based on risk matrix. {extent of the convective event, 
probability of occurrence} 

ü Success criterion: Provision of meteo-related ML 
libraries capable of computing probabilistic forecasts of 
convective weather adapted to ATFCM spatial 
granularity. 
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Objective Explanation 

Objective #2: Characterisation of 
Demand and Capacity 
Imbalances due to convective 
weather. 

Precise characterisation of demand and capacity imbalances due 
to convective weather cells from pre-tactical level to tactical 
levels depending on the input of probabilistic forecasts of 
weather cells by using applied AI methods and ATM and weather 
data integration.  

ü Success criteria: Provision of Machine Learning (ML) 
libraries capable of predicting probabilistic capacity 
decay values and provision of probabilistic demand 
variability associated to probabilistic forecasts of 
weather cells. 

Objective #3: Produce a most 
preferred AU trajectory. 

Development of an automated engine that produces AU 
preferred trajectory alternative taking into account route 
constraints. 

ü Success criterion: Provision of ML libraries capable of 
prescribing AU Preferred trajectory alternative. 

Objective #4: Produce Airspace 
User-driven mitigation Plan. 

Development of an automated engine that produces mitigation 
plans for solving convective weather-related demand and 
capacity imbalances, considering AUs priorities and 
effectiveness of ATFCM measures, based on in-flight feedback 
and the post-analysis of the executed operations. 

ü Success criterion: Provision of ML libraries capable of 
prescribing adaptive ATFCM actions considering AU 
preferences, considering that expected and actual 
impacts in terms of demand and capacity shall be 
measured via online simulations and post-analysis 
respectively.  

Objective #5: Reinforce the 
Collaborative Process among 
actors. 

To enhance the collaborative ATFCM process to reach a common 
agreement on detection and resolution of convective situations. 

ü Success criterion: Initial validation of a collaborative 
framework for ATFCM considering the introduction of 
convective weather information and automated support 
to capacity decay and demand mitigation measures. 

Objective #6: Integrate 
convective weather information 
in the FMP/NM working 
environment. 

Integration of convective weather information in the FMP/NM 
working environment. 

ü Success criterion: Provision of convective weather 
information integrated in the DCB tools. 

Objective #7: Shift the decision-
making from tactical to pre-
tactical to provide a better 
anticipation management. 

To enhance ATFCM process at pre-tactical and tactical levels (-
24h up to execution) into the local traffic manager (local) and 
network management (network) roles. 

ü Success criteria: Identify the Netspot and associated 
solution (weather solution) in a more anticipated way. 
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Objective Explanation 

Objective #8: Characterise the 
cross-border DCB impact of 
convective weather 
phenomena. 

Precise characterisation of demand and capacity imbalances due 
to convective weather. 

ü Success criteria: ability to analyse the predicted Wx 
capacity reduction and to adjust the capacity threshold 
(MV, OTMV). 

Objective #9: Identify 
predefined weather scenario 
(Playbook). 

Selection of predefined weather scenario. 

ü Success criteria: ability to identify predefined weather 
scenario from the Playbook. 

Objective #10: Enrich the 
decision-making using an aid-
tool Hotspot Solver. 

Proposition of weather scenarios to resolve a Netspot. 

ü Success criteria: ability to take decisions on set of DCB 
measures proposed by the Hotspot Solver. 

Objective #11: Assess potential 

benefits in Capacity/Resilience 

of the ISOBAR engine 

implementation. 

Precise characterisation of Demand and Capacity Imbalances 

and accurate learning-based DCB Solution. 

ü Success criteria: DCB optimisation thanks to probabilistic 
information and maximisation of the effectiveness of 
mitigation solutions. 

Objective #12: Assess potential 

benefits in Operational 

Efficiency of the ISOBAR engine 

implementation, focusing on 

Punctuality and Predictability. 

Precise characterisation of Demand and Capacity Imbalances, 
accurate learning-based DCB Solution and assessment of ISOBAR 
B2B service prototype.  

ü Success criteria: automated support to Network 
Management, maximisation of the effectiveness of 
mitigation solutions and digitalisation of NM. 
(Punctuality) 

To enhance the accuracy of variability, demand, and delay 
predictions. 

ü Success criteria: ability to predict more precisely 
quantitative variations in convective weather situations. 
(Predictability) 

Objective #13: Assess potential 

benefits in Environment of the 

ISOBAR solution 

implementation. 

Evaluation of the environmental impact of the solution. 

ü Success criteria: Capability to maintain environmental 
aspects, such as fuel burn and C02 emissions, when 
applying the ISOBAR Solution. 

Objective #14: Assess potential 
benefits in Safety of the ISOBAR 
solution implementation. 

Evaluation of the safety impact of the solution. 

ü Success criteria: Capability to maintain safety, in terms 
of number of conflicts, when applying the ISOBAR 
Solution. 

Table 3 : ISOBAR validation objectives 
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3.2.3 Validation Assumptions 

This section describes and develops the Generic Validation Assumptions, which fit for all exercises for 
ISOBAR. 

Id
e

n
tif

ie
r 

T
itl

e
 

T
yp

e
 o

f 

A
ss

u
m

p
tio

n 

D
e

sc
ri

p
tio

n 

Ju
st

if
ic

a
tio

n 

F
lig

h
t 

P
h

a
se
 

K
P

A
 I

m
p

a
c
te

d 

S
o

u
rc

e 

V
a

lu
e

(s
) 

O
w

n
e

r 

Im
p

a
c
t 

o
n

 

A
ss

e
ss

m
e

n
t 

01 Free-Route 
Traffic 
Characteristics 

Free route is 
out of the 
scope of the 
exercise. 

Reference and 
Solution scenario 
on structured 
route network 

En-
Route 

All 
ISOBAR
OSED 

N/A ISOBAR Medium 

02 
Airspace 
Configuration 

Airspace 
layout 

Dynamic 
airspace 
structures are 
assumed not 
to be 
implemented 
in this exercise 

Not in the scope 
of the ISOBAR 
project 

En-
Route, 
TMA 

All N/A N/A ISOBAR Medium 

03 
Demand 
forecast 

Traffic 
Characteristics  

Demand 
forecast at D-1 
is the M1 
demand 
model of D0 
from DDR2 
data source. 

Demand 
prediction data 
at D-1 not 
available with 
enough accuracy 
expected. Not in 
the scope of the 
ISOBAR project 
to produce it. 

En-
Route, 
TMA 

All N/A N/A ISOBAR Low 

Table 4 : Validation Assumption overview 

3.2.4 Validation Exercises List  

ISOBAR is composed of four validation activities and two validation exercises, as listed below. They are 
further detailed in Appendixes. 

Identifier ACT01 

Title Meteo Engine AI 

Description This activity will focus on assessing the so-called ISOBAR meteo-engine, 
an AI-based probabilistic forecast of convection. This task is being 
developed under WP2 activities.  

Expected Achievements Probability of convection. 

Use Cases UC1 

Validation Technique ML model analysis (ROC, Confusion Matrix) 

KPA/TA Addressed <Operational Efficiency: Predictability> <Safety> 

Start Date 01/07/2021 
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Identifier ACT01 

End Date 30/07/2021 

Validation Coordinator UC3M 

Validation Platform Models will be evaluated using python programming language 

Validation Location UC3M, Leganés, Madrid (Spain) 

Activity/Exercise 
Dependencies 

- 

 

Identifier ACT02 

Title  Hotspot detection AI 

Description This activity will be focused on the assessments of the hotspot 
determination considering capacity reduction and demand behaviour 
due to convection weather. 

Expected Achievements Capacity reduction due to convective weather and hotspot locations. 

Use Cases UC1 

Validation Technique ML train/test split 

KPA/TA Addressed <Operational Efficiency: Predictability> <Capacity> <Safety> 

Start Date 01/09/2021 

End Date 30/09/2021 

Validation Coordinator UC3M 

Validation Platform Models will be evaluated using python programming language 

Validation Location UC3M, Leganés, Madrid (Spain) 

Activity/Exercise 
Dependencies 

ACT01 

 

Identifier ACT03 

Title  Hotspot mitigation AI 

Description Activity to assess the performance of an Artificial Intelligence 
(Reinforcement Learning and Optimization) model providing mitigation 
plans. 

Expected Achievements Effective solvers capable of computing, in an acceptable computing 
time, DCB measures (delay and rerouting) that mitigate DCB hotspots, 
better than conventional solvers, such as CASA. 

Use Cases UC1 
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Identifier ACT03 

Validation Technique Simulation 

KPA/TA Addressed <Capacity>    

Start Date 01/10/2021 

End Date 31/10/2021 

Validation Coordinator ENAC and CU 

Validation Platform CU: In-house DCB simulator / ENAC: simulator / EUROCONTROL: RNEST 

Validation Location ENAC, Toulouse, France; Cranfield University, Cranfield, United 
Kingdom 

Activity/Exercise 
Dependencies 

ACT01, ACT02, ACT04 

 

Identifier ACT04 

Title  AU Preference AI 

Description Characterize the AU preference effectiveness in the prediction of 
trajectories (lateral path + vertical profile) prediction (preferred and 
alternatives). 

Expected Achievements The predicted trajectories are expected to reflect AU preference 
attached to the provided trajectories. 

Use Cases For a given slot (intended departure time + operated city-pair), 
prediction of preferred trajectories, for different AU, expressed through 
(A/C Type, A/C Operator) couple. 

Validation Technique Definition of criteria to observe that the proposed trajectories reflect 
the AU preference:  

- Comparison & assessment of the differences for various 
couples (A/C Type, A/C Operator) predictions onto the same 
operated city-pair. 

- Characterization of predicted trajectories for some of our AU 
partner (SWISS) operated route. Submission to SWISS for 
effectively assessment of their preference capture into the 
prediction. 

KPA/TA Addressed <Operational Efficiency: Predictability > < Environment > 

Start Date 01/09/2021 

End Date 30/09/2021 

Validation Coordinator SSG 

Validation Platform OTS computer running the model 

Validation Location N/A 
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Identifier ACT04 

Activity/Exercise 
Dependencies 

ACT 03 

- 

 

Identifier EXE01 

Title  ISOBAR Operational Assessment 

Description The objective is to validate the Human (NMOC/FMP) interactions with 
AI components to manage convective weather situations. 

- How to manage new information dealing with 

convective weather prediction, weather capacity 

reduction and automated resolution of weather 

problems. 

- How to manage the new collaborative process 

involving NMOC and FMP. 

Expected Achievements The operational operating method mixing human decision and AI 
machine learning component is expected to have a positive 
impact/benefit on Capacity, resilience, predictability, safety, cost-
efficiency, human performance and fuel efficiency. 

Use Cases UC1 (OSED) 

Validation Technique Human-in-the-loop simulation 

KPA/TA Addressed <Operational Efficiency: Predictability> <Capacity> <Safety> <Human 
Performance> <Interoperability> <Environment><Cost-Efficiency> 

Start Date 08/03/2022 

End Date 15/03/2022 

Validation Coordinator EUROCONTROL 

Validation Platform INNOVE/PLANTA 

Validation Location EUROCONTROL, Bretigny, France 

Activity/Exercise 
Dependencies 

ACT01, ACT02, ACT03 and ACT04 

 

Identifier EXE02 

Title  ISOBAR solution Operational Effectiveness Evaluation with Fast Time 
Simulation 

Description This exercise will be focused on the assessment of the operational 
benefits of the ISOBAR solution implementation to the ATFCM process, 
integrating probabilistic weather forecast information. Qualitative and 
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Identifier EXE02 

quantitative analysis will be done to study the operational performance 
improvement and also the related KPIs in which we expect to have 
benefits (mainly Capacity and Operational Efficiency). We will be 
simulating both pre-tactical D-1 and tactical D0 time horizons using the 
ISOBAR solution to produce a collaborative NOP and simulate via FTS 
(RAMS Plus) the implementation of the proposed mitigation measures 
from the playbook. A set of days from summer 2019 will be selected to 
be simulated, with relevant convective weather phenomena. The 
reference scenario will be based on the historical data (using regulated 
demand to capture the real mitigation measures implemented) and the 
solution scenarios with the execution of the ISOBAR solution and 
simulation of the impacted traffic through RAMS Plus. This exercise is 
highly dependent of all other Activities (ACT01, 02, 03 and 04) since it 
uses the outputs from them, thus the same dataset will be used. 

Expected Achievements The final selected mitigation measures from the Playbook and 
published in the NOP is expected to have a positive impact/benefit on 
Capacity/Resilience and Operational Efficiency (Predictability and 
Punctuality).  

Use Cases UC1 (from OSED) 

Validation Technique Fast Time Simulation  

KPA/TA Addressed <Capacity> <Operational Efficiency: Predictability> <Operational 
Efficiency: Punctuality>  

Start Date 16/01/2022 

End Date 30/04/2022 

Validation Coordinator CRIDA 

Validation Platform RAMS Plus 6.60 

Validation Location CRIDA premises, Madrid 

Activity/Exercise 
Dependencies 

ACT01, ACT02, ACT03 and ACT04 

Table 5 : Validation exercises list 

3.3 Deviations 

3.3.1 Deviations with respect to the Validation Plan 

ACT01 

No major deviations from original validation plan. The only difference is in the distribution of days used 
for training, validating, and training the model. Days chosen for training were modified to exclude the 
dates of validation scenarios- this way the model results provided a fair assessment of the model 
performance. 
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ACT02 

One deviation from the validation plan for ACT02 is in the methodology a hotspot is defined. Originally, 
the plan was to compare the predicted capacity and demand to determine hotspots. Instead, historical 
regulation data was utilized to determine hotspots. The reason for that change is that sector capacity 
values were unavailable for the project. But, an AI model using weather and traffic trained via historical 
regulation data would provide the required hotspot location without knowing ATC sector capacity. 

ACT03 

It was planned to use ISA-CASA module from NEST to provide a baseline solution for each DCB hotspot 
problem instance. However, two main difficulties were found in using ISA-CASA: (1) it uses internal 
capacity values for traffic volumes (TVs) and sectors from DDR2, which cannot be replaced by the 
predicted capacity by the AI-module developed within ISOBAR; (2) it solves all hotspots across Europe 
and cannot be limited to a specific region of interest (e.g., France and/or Spain). For these reasons, we 
had to develop internally custom CASA algorithms. 

In ISOBAR, the gate concept was intended to measure flows, to identify hotspots, and to mitigate them. 
A hotspot-gate requires defining and quantifying a capacity per gate, which was out of the scope of 
ISOBAR.  Alternatively, gates could have been useful to identify flights involved in many hotspots, in 
order to modify them to hopefully solve efficiently the DCB hotspot problem. Finally, in ACT03, lacking 
data on gates, the gate concept was not supported. However, it can be explored in a future study. 

It was planned that relevant AU preference scores would be provided with alternative trajectories for 
each flight. However, the AI-module to be developed within WP3 to predict alternative trajectories 
was not ready by the time ACT03 was run, and it was observed that the modelling and the 
quantification of AU preference is not straightforward. The goal of ACT03 is mainly to verify the 
effectiveness and efficiency of the DCB solver which has been proved compatible with general 
(arbitrary) alternative trajectories. Therefore, as a workaround, alternative trajectories were retrieved 
from the same day of traffic, and AU preference scores were set randomly. A few KPIs have been 
measured to reflect the effects of the rerouting on the system, such as the number of rerouted flights 
and total delays for specific airlines. It should be noted that the solver is generalised such that any 
preference scores from WP3 can be fed in to ensure that the solution adheres to the scores as much 
as possible whilst mitigating all the hotspots. 

ACT04 

Due to inconstancy in the vertical paths of the predicted trajectories, the validation focuses on the 
lateral path (route) of the predictions. See Appendix D section D.3.6 Recommendations for a 
recommendation on how to mitigate this in future research. 

¢ƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǘƘŜ ǾŜǊǘƛŎŀƭ ǇŀǘƘ ŘƻŜǎƴΩǘ ƎƛǾŜ ǳǎ ƳǳŎƘ ƳƻǊŜ ŎƻƴŦƛŘŜƴŎŜ ƛƴ ǘƘŜ Ǝƭƻōŀƭ ǊŜƭƛŀōƛƭƛǘȅ ƻƴ 
the assessment of the performance of the ML model to provide AU Preferred Trajectory and 
Alternatives. 

Nevertheless, as quoted in section D.3.6 Recommendations (p 123), technical improvements were 
investigated to address this problem of inconstancy. These improvements are based on reconsidering 
the way these paths are processed: deepening of the Recurrent Network or discretization of the flight 
levels. The experimentation of these improvements and their impact on the confidence in the global 
reliability of the provides trajectories should be considered in future research. 
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EXE01 

We have identified a number of deviations from the planned activities: 

- Not possible to accurately assess the benefits of anticipating ATFM to D-1 due to unrealistic 
Traffic Demand on D-1  

On D-1, the flight plans are not yet available because flight plans are populated in the latest stage 
on D0. In such D-1 timeframe, NM operational system calculates the predicted demand based 
onhistorical data. D-1 data have only recently been archived by NM but are not available for the 
concerned 2019 period. For this reason, EXE01 has been forced to use D0 flight plan data in the D-
1 timeframe which is unrealistic.  

One objective of the ISOBAR project is to validate if starting the ATFM process in anticipation on 
D-1 is efficient in term of planification stability. This is based on several enablers: 

- To have reliable traffic prediction on D-1 
- To have a reliable convective weather prediction on D-1 
- To have a reliable capacity reduction prediction on D-1 

In the EXE01 exercise, in the absence of a reliable D-1 prediction, a better traffic prediction has 
been used (D0 Flight Plan).  

ü Impact of the deviation: This results in overestimate the performance. 

This point should be reassessed in a future activity with realistic D-1 traffic prediction uncertainty 
to confirm the validation results. 

 

- ATFM measures are not implemented on D-1/D0 (only simulation) 

Due to limitations on the PLANTA/INNOVE platform, on D-1 the ATFM measures are not 
implemented. It prevents the possibility to make a traffic situation re-assessment on D0 taking into 
account D-1 ATFM measures in the traffic situation. 

But it is not really a big problem because the traffic is not evolving from D-1 to D0 (same traffic 
both on D-1/D0), therefore the D0 situation will be re-assessed based on the meteo update. In 
such a case, the ATFM solutions planned on D-1 and D0 can be compared in order to assess the 
difference and the stability of the D-1 plan. 

ü Impact of the deviation: This is a challenging subject with unclear implications for the 
results. The ISOBAR exercise results would be overly optimistic in the hypothetical case 
where airspace users do not react to the D-1 measures: implementing (i.e., fixing) some of 
the D-1 measures would result in a smaller search space for D-0 and thus a worse objective 
function (the delay). In practise, however, airspace users will most likely react to the D-1 
measures, and the traffic situation at D0 may be completely different from that at D-1. The 
response of the airspace users, such as re-routings, cancellations, and changes in off-block 
time, could have a positive or negative impact on the overloads at D0 and, as a result, on 
the total delay figures. Unfortunately, there isn't a sophisticated agent-based simulator 
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that can simulate the decisions flight dispatchers make when confronted with ATFM 
measures, which would be necessary for evaluating these implications.  
 

- Rerouting has not been developed in the tested Solver 

wŜŀƭƛǎǘƛŎ ǊŜǊƻǳǘƛƴƎ ŎŀǇŀōƛƭƛǘȅ ƛǎ ǾŜǊȅ ŎƻƳǇƭŜȄ όw!5 ǊŜǎǘǊƛŎǘƛƻƴΣ ΧΦύ ŀƴŘ ƛǎ ƴƻǘ ƛƳǇƭŜƳŜƴǘŜŘ ƻƴ 
INNOVE. For this reason, it was not possible to integrate rerouting features in the Solver. 
Therefore, the Solver offers very rich options based on delay with optimized CASA, full delay STAM 
cherry picking and a hybrid version of both. 

ü Impact of the deviation: This results in underestimate the performance. Because 
geographical trajectory adjustment will offer much more possibility to balance the traffic 
on the underloaded zones and then decrease the overall delay. 
 

- France/Spain areas are only considered 

The PLANTA/INNOVE/solvers managed a huge quantity of data. Due to performance issues (it 
should be noted that the bottleneck was not the execution time of the solvers, but the 
PLANTA/INNOVE simulation platform), it was not possible to consider the whole European 
geographical area. Only France and Spain areas have been considered. In addition, only the AM or 
PM traffic have been considered. For the AM period, we considered all flights crossing (i.e., 
entering) the ACCs subject of study from midnight to noon. For the PM period, we considered all 
flights entering the ACCs from noon to midnight. The AM and PM periods cannot be addressed 
separately in real-life because some flights entering ACCs during the AM period could be delayed 
and pushed into the PM period. In the experiments, the two problems were solved independently. 

ü Impact of the deviation: When compared to the network-wide solution for the entire day, 
the delay figures obtained by solving the problem taking into account only the Spanish and 
French ACCs and splitting the problem into AM and PM periods are likely to be 
overoptimistic. On the one hand, including more ACCs to the problem would increase the 
number of (capacity) constraints, reduce the feasible search space, and therefore hamper 
the objective function (i.e., the total delay). Capacity constraints in ACCs other than the 
Spanish and French were disregarded in the ISOBAR exercise, which means that flights 
were assigned delay ignoring the network-wide implications. On the other hand, resolving 
the problem for the entire day would result in stiffer capacity constraints because flights 
in the AM period would have to take into account the PM period's capacities in the event 
of a delay. In the ISOBAR exercise, flights in the AM period were assigned delays that could 
have created overloads in the PM period. That is, while the feasibility and optimality of the 
AM and PM solutions were proven separately, the feasibility and optimality of the joint 
solution were not. Overall, however, the performance differences between the various 
solutions (hybrid, cherry-picking, optimised regulations, etc.) would arguably be 
equivalent even if the delay figures were slightly different if the entire network and the 
entire day were taken into account. 
 

- Modern collaborative framework not developed to ease interactions 

Due to limited effort to develop the prototype,  
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1. A simple chat has been developed to allow the communication between the FMP/NM 
instead to have a more powerful interactive tool.  

2. Simple and realistic enough HMI have been developed to support the interaction with the 
!L ŎƻƳǇƻƴŜƴǘǎ ό!L ƳŜǘŜƻ ŜƴƎƛƴŜΣ !L ŎŀǇŀŎƛǘȅ ǊŜŘǳŎǘƛƻƴΣ !L {ƻƭǾŜǊǎΣ ΧΦύ 

ü Impact of the deviation: this will make collaboration between actors more difficult and 
potentially impact the cognitive process of end-users. In EXE01, it did not affect the 
operational process. 

 
- Limited number of convective days 

In 2019, only 4 days have been selected (26-27 July, 9-27 Aug) offering interesting critical 
convective situation in France/Spain. These limited number of scenario days prevents to collect 
more data for more relevant validation analysis. 

ü Impact of the deviation: this will make the assessment limited.  In EXE01, the operational 
feedback indicated that the days selected were representative of convective situations. 

 

EXE02 

The general deviation that impacted the EXE02 execution is due to the late provision of traffic data by 
the previous activities. The FTS needs as input the data traffic with the mitigation measures proposed 
by the solution (coming from the different AI modules) to execute the simulation. But the definition 
and implementation of rules to the AI Solver took more time than expected, so the final dataset was 
only provided by end of March. Thus, the EXE02 validation time had to be reduced to 2 months (April 
and May). This caused some lack of time to better prepare the scenarios for FTS and data cleaning in 
the post-processing of the outputs, also the time is reduced for the analysis of the results and 
evaluation of the metrics. Since some results could not be properly processed/refined and analysed, it 
affects the quality and reliability of the results. 

wŜƎŀǊŘƛƴƎ ǘƘŜ ƳŜǘǊƛŎǎΩ ŘŜŦƛƴƛǘƛƻƴΣ ǎƻƳŜ ŎƘŀƴƎŜǎ ƘŀǾŜ ŀƭǎƻ ōŜŜƴ ŀǇǇƭƛŜŘΦ {ƻƳŜ ƳŜǘǊƛŎǎ ƘŀǾŜ ŎƘŀƴƎŜŘ 
the algorithm, other metrics have finally been eliminated and other ones have been added. Inside of 
this last group of changes, it is worth noting that two new KPAs have been added to Capacity and 
Operational Efficiency: Environment and Safety. The addition of two new KPAs to cover all the metrics 
to be measured has led to the emergence of two new validation objectives: one corresponding to the 
Environment (#Objective13) and one corresponding to Safety (#Objective14), that at each time also 
derives to new Research Questions (RQ21 and RQ22) and Hypothesis (H27 and H28). Finally, the 
metrics defined in the Validation Plan that have been removed from the validation is because RAMS 
Plus functionalities and outputs did not allow their calculation.  

In Solution Scenario 3, the one referring to the 28th of August, the weather and traffic demand made 
the complexity of the impacted ACCs more severe than the other days. In this case, if all hotspots have 
to be mitigated by the AI Solver, delays up to 7 hours to a flight would appear. Instead of over 
penalizing the flights due to some unrealistic super-overloaded sector-periods, a filter has been applied 
and those sectors that have an overload higher than 35% have not been considered for the hotspot 
mitigation by the AI Solver. The reason behind is that by experience the operational experts believe 
that these super-overloads will not happen in the real situation and prefer to filter them within the AI 
Solver and wait until D0 to see what happens and if the overloads really appeared, then they can be 

https://www.sesarju.eu/


REPORT ON ISOBAR EVALUATION AND ROADMAP FOR ISOBAR B2B SERVICE 

 

  

 

Page I 40 
 

  

 

absorbed by the controllers in tactical phase. Some metrics will be created to measure these filtered 
overloads and evaluate if they have eventually appeared or not after the simulation. 
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4 ISOBAR Validation Results 

4.1 Summary of ISOBAR Validation Results 

The following table provides an overview of the validation results and status of achievement of each 
validation objective. The objectives are further discussed in detail in sections 4.2.1 to 4.2.14. 
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Validation 
Objective 

Validation Objective 
Description 

Success Criteria Validation Results 
Validation 
Objective 

Status 

Obj #1: 
Characterisation 
of Convective 
Weather. 

Precise characterisation of 
convective weather cells 
from H-24 to H0, based on 
risk matrix {extent of the 
convective event, probability 
of occurrence}. 

Provision of meteo-related ML 
libraries capable of computing 
probabilistic forecasts of 
convective weather adapted 
to ATFCM spatial and 
temporal granularities. 

Validation results show that an AI model can better 
predict convective events. Weather forecast and storm 
observation data are key for developing an artificial 
intelligence- based model capable of predicting 
convective events from H-36 to H0 

OK 

Obj #2: 
Characterisation 
of Demand and 
Capacity 
Imbalances due 
to convective 
weather. 

Precise characterisation of 
demand and capacity 
imbalances due to 
convective weather cells 
from pre-tactical level to 
tactical levels depending on 
the input of probabilistic 
forecasts of weather cells by 
using applied AI methods 
and ATM and weather data 
integration.  

Provision of Machine Learning 
(ML) libraries capable of 
predicting probabilistic 
capacity decay values and 
provision of probabilistic 
demand variability associated 
to probabilistic forecasts of 
weather cells. 

Validation results provide example of how machine 
learning can be used to predict imbalances. Further 
work is necessary to better formulate the learning task 
problem and correctly label historical data. 

OK 

Obj #3: Produce a 
most preferred 
AU trajectory. 

Development of an 
automated engine that 
produces AU preferred 
trajectory alternative taking 
into account route 
constraints. 

 

Provision of ML libraries 
capable of prescribing AU 
Preferred trajectory 
alternative. 

The following positive results have been reached: 

¶ Even if more variability is observed on the vertical 
profiles, the models provide pretty good results in 
terms of lateral prediction (route prediction), this 
is key as the alternative routes are critical to 
άƘƻǘǎǇƻǘǎ ǎƻƭǾŜǊέ ƛƴ ƻǊŘŜǊ ƻŦŦŜǊ ŀƭǘŜǊƴŀǘƛǾŜ 
options. 

¶ Obviously, the models provide better prediction 
on historical more populated triplets (ACT, ACO, 

OK 
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Validation 
Objective 

Validation Objective 
Description 

Success Criteria Validation Results 
Validation 
Objective 

Status 

city-pair). But the results are also quite good on 
low historically populated triplet, furthermore: 

Obj #4: Produce 
Airspace User-
driven mitigation 
Plan. 

Development of an 
automated engine that 
produces mitigation plans 
for solving convective 
weather-related demand 
and capacity imbalances, 
considering AUs priorities 
and effectiveness of ATFCM 
measures, based on in-flight 
feedback and the post-
analysis of the executed 
operations. 

Provision of ML libraries 
capable of prescribing 
adaptive ATFCM actions 
considering AU preferences. 

Compared with CASA algorithm, HH and MARL solvers 
modify 50-70% fewer flights, and prescribe 40ς70% less 
total delay. Also, HH solver reduces average delay per 
flight by up to 27% compared with CASA. HH solver 
shows a fairer distribution of average delay per AU than 
CASA, which fosters more AUs satisfaction. MARL 
solver reduces average delay per flight by up to 54% 
compared with CASA. However, CASA solver shows a 
more balanced distribution of average delay per AU 
than MARL, because MARL solver has no constraints of 
maximum delay. 

OK 

Obj #5: Reinforce 
the Collaborative 
Process among 
actors. 

To enhance the collaborative 
ATFCM process to reach a 
common agreement on 
detection and resolution of 
convective situations. 

Initial validation of a 
collaborative framework for 
ATFCM considering the 
introduction of convective 
weather information. 

¶ The NM pivotal role to propose a global optimized 
solution is validated 

¶ The collaborative framework with clear 
assignment of roles, tasks and responsibilities is 
agreed. However, a simplified process has been 
proposed and will be reflected in the OSED. 

OK 

Obj #6: Integrate 
convective 
weather 
information in 
the FMP/NM 
working 
environment. 

Integration of convective 
weather information in the 
FMP/NM working 
environment. 

Provision of convective 
weather information 
integrated in the DCB tools. 

The standardized risk matrix (severity /probability) has 
been proven to provide a digestible and 
understandable information to FMP/NM, supporting a 
good understanding of the convective weather 
situations and imbalance propagation at the network 
level. The multi-models (GSREPS, AROME, ECMWF) 
provide a relevant and precise convective prediction 

OK 

https://www.sesarju.eu/


REPORT ON ISOBAR EVALUATION AND ROADMAP FOR ISOBAR B2B SERVICE  

        
 

Page I 44 
 

  

 

Validation 
Objective 

Validation Objective 
Description 

Success Criteria Validation Results 
Validation 
Objective 

Status 

Obj #7: Decision-
making process 
to start from pre-
tactical phase to 
provide a better 
anticipation 
management. 

To enhance ATFCM process 
at pre-tactical and tactical 
levels (-24h up to execution) 
into the local traffic manager 
(local) and network 
management (network) 
roles. 

Identify the Netspot and 
associated solution (weather 
solution) in a more anticipated 
way. 

¶ A workflow from pre-tactical D-1 to tactical D0 
supports a collaborative process to better manage 
in an anticipated manner the weather-related 
problems and solutions. 

¶ It has been demonstrated a very good stability D-
1/D0 for the convective prediction, for the capacity 
reduction prediction and for the proposed solver 
solutions. It paves the way to anticipate ATFCM 
actions on D-1. 

OK 

Obj #8: 
Characterise the 
cross-border DCB 
impact of 
convective 
weather 
phenomena. 

Precise characterisation of 
demand and capacity 
imbalances due to 
convective weather. 

Ability to analyse the 
predicted Wx capacity 
reduction and to adjust the 
capacity threshold (MV, 
OTMV). 

The capacity reduction prediction is very accurate. It is 
easy to identify the cross-border events and 
propagation of imbalances, to understand and to adjust 
the weather capacity reduction and DCB impacts. In 
addition, the Netspot is the right object to manipulate 
cross-border problems. 

OK 

Obj #9: Identify 
predefined 
weather scenario 
(Playbook). 

Selection of predefined 
weather scenario. 

Ability to identify predefined 
weather scenario from the 
Playbook. 

This objective has not been addressed due to the 
prototype constraint avoiding supporting rerouting 
weather scenario 

NOK 

Obj #10: Enrich 
the decision-
making using an 
aid-tool Hotspot 
Solver 

Proposition of weather 
scenarios to resolve a 
Netspot. 

 

Ability to take decisions on set 
of DCB measures proposed by 
the Hotspot Solver. 

The FMP/NM are able to manage the aid-tools solvers, 
to assess the DCB impact using what-if tool (network 
performance assessment) and to compare the 
proposed weather scenario alternatives. The aid-tool 
solvers provide efficient solutions (75% delay 
reduction) at the network level and reduce the 
FMP/NM workload. 

OK 
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Validation 
Objective 

Validation Objective 
Description 

Success Criteria Validation Results 
Validation 
Objective 

Status 

Obj #11: Assess 
potential benefits 
in Capacity of the 
ISOBAR solution 
implementation. 

Precise characterisation of 
Demand and Capacity 
Imbalances and accurate 
learning-based DCB 
Solution. 

DCB optimisation thanks to 
probabilistic information and 
maximisation of the 
effectiveness of mitigation 
solutions. 

In most of simulated scenarios the share of hour of 
balanced sectors was maintained. But the share of 
hour of overdelivered and underdelivered sectors 
were worsened slightly in solution scenario in most of 
the cases. However, potential benefits are expected in 
this KPA with further refinement of the AI modules 
and better quality of the dataset used for simulation. 

NOK 

Obj #12:  Assess 
potential benefits 
in Operational 
Efficiency of the 
ISOBAR solution 
implementation, 
focusing on 
Punctuality and 
Predictability. 

Precise characterisation of 
Demand and Capacity 
Imbalances, accurate 
learning-based DCB Solution 
and assessment of ISOBAR 
B2B service prototype.  

Automated support to 
Network Management, 
maximisation of the 
effectiveness of mitigation 
solutions and digitalisation of 
NM.  

The punctuality is maintained at similar levels or 
slightly worse due to the increment of the flight 
duration caused by the re-routings applied at planning 
phase and storm avoidance manoeuvres. 

Partially OK 

To enhance the accuracy of 
variability, demand, and 
delay predictions. 

Ability to predict more 
precisely quantitative 
variations in convective 
weather situations. 

The predictability is maintained at similar levels or 
slightly worse due to the increment of the flight 
duration caused by the re-routings applied at planning 
phase and storm avoidance manoeuvres. 

Partially OK 

Obj #13: Assess 
potential benefits 
in Environment 
of the ISOBAR 
solution 
implementation 

Evaluation of the 
environmental impact of the 
solution. 

Capability to maintain 
environmental aspects, such 
as fuel burn and C02 
emissions, when applying the 
ISOBAR Solution. 

The fuel burn and emissions are maintained at similar 
levels or slightly higher due to the increment of the 
flight duration caused by the re-routings applied at 
planning phase and storm avoidance manoeuvres. 

Partially OK 
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Table 6: Summary of Validation Exercises Results 

 

Validation 
Objective 

Validation Objective 
Description 

Success Criteria Validation Results 
Validation 
Objective 

Status 

Obj #14: Assess 
potential benefits 
in Safety of the 
ISOBAR solution 
implementation. 

Evaluation of the safety 
impact of the solution. 

Capability to maintain safety, 
in terms of number of 
conflicts, when applying the 
ISOBAR Solution. 

The number of conflicts is higher in solution scenario 
due to higher demand of certain sectors in solution 
scenario. In specific sectors, a clear reduction in 
conflicts can be also appreciated. 

Partially OK 
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4.2 Detailed analysis of SESAR Solution Validation Results per 
Validation objective 

4.2.1 Objective #01 Results 

Objective: To provide a methodology to predict the weather convective event that is operationally 
digestible and efficient. 

Rationale: Having an operationally digestible and efficient convective weather forecast would allow 
for an improved flow management planning process. Anticipating the most vulnerable areas in the 
network will allow for a better allocation of resources resulting in efficiency gains.  

Results:  

The developed modules use artificial intelligence to predict risk-based convection information based 
on the likelihood and severity of thunderstorms. Model predictions are based on numerical weather 
products (NWP) (9/a²C LC{Σ ʴ-SREPS, AROME-EPS) that are released every 6 hours. Prediction is 
provided in hourly timesteps with a range of up to 36 hours. Model is also able to predict the cloud-
top height of convective cells. 

The Receiver Operating Characteristics (ROC) curve shows that the model is learning because all binary 
targets in all numerical weather products are greater than 0.8, note that 1 is denoted as the perfect 
classifier and 0.5 a random classifier. The model is not showing the same performances in the three 
weather product because do not have the exact same number of samples for training. Yet, the number 
of storms is not the same because all three models are focused on different geographical regions, and 
NWPs do not have the same list of parameters. 

The dataset analysed in the ACT01 shows the predictions provide consistent and accurate information 
starting with forecast available at D-1. The results demonstrated that the model does not deteriorate 
significantly with respect to the model at D-0. 

Refer to Appendix A for additional information regarding the methodology and validation results. 

Status: OK 

4.2.2 Objective #02 Results 

Objective: Characterisation of Demand and Capacity Imbalances due to convective weather. 

Rationale: Characterizing DCB imbalances due to convective weather early on would improve flow 
management planning process. Anticipating the most vulnerable areas in the network will allow for a 
better allocation of resources resulting in efficiency gains.  

Results:  

The machine learning models developed using python take in the weather prediction from WP2/ACT 
01 and identifies sectors/traffic volumes that will be impacted weather regulations and capacity drops 
due to weather. 
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The capacity estimation model results showed a high degree of correlation between the actual and 
predicted values of entry count. However, the weather feature proved to have only a small impact on 
the model prediction values. While the model showed good performance at predicting entry count, 
interpretation of results proved to be a challenge, as entry count and capacity are not exactly the same. 

The hotspot identification model seems to have fairly good performance in identifying regions in the 
network that are under weather regulations. It is clear there is a spatial correlation between the 
location of convective weather events and regions with regulated traffic flows. 

Additionally, a model was developed to predict the weather regulation rate applied to a traffic volume. 
This model considered data using ATFM Regulation data, sector geometries, and the nominal capacity 
values of the traffic volume. Results showed that the models have good skill at predicting the drop in 
capacity due to the regulation rate, however when compared with a simple statistical model, the 
machine learning only provided marginal benefit. 

Refer to Appendix B for more information regarding methodology and validation results. 

Status: OK 

4.2.3 Objective #03 Results 

Objective: Produce a most preferred AU trajectory. 

Rationale: Provision of an automated software module (based on ML libraries) that can produce for 
an AU, on a given city-pair, its preferred trajectory, and a set of alternatives. These trajectories will 
support the demand characterization across the airspace. The alternative trajectories will also be able 
ǘƻ ŦŜŜŘ ǘƘŜ άƘƻǘǎǇƻǘǎ ǎƻƭǾŜǊέ ǘƻ ƻŦŦŜǊ ƻǇǘƛƻƴǎ ŦƻǊ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ ōŜǎǘ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ŜŦŦƛŎƛŜƴǘ 
DCB measures in degraded weather conditions. 

Results: 

The developed module provides trajectory predictions expressed as a sequence 4D points: WP, ETO 
and FL, representative of lateral and vertical profile of the trajectories. 

The module is mainly composed of twocascaded sub-models operating in a sequential prediction 
manner, one for lateral profile one for vertical profile. For optimization reasons, each couple of models 
covers between 20 and 30 city-pairs (see. ISOBAR D3.1 ML demand prediction model [29], for a 
detailed description of the ML mode implementation) 

The following positive results have been reached: 

¶ Even if more variability is observed on the vertical profiles, the models provide pretty good 
results in terms of lateral prediction (route prediction), this is key as the alternative routes are 
ŎǊƛǘƛŎŀƭ ǘƻ άƘƻǘǎǇƻǘǎ ǎƻƭǾŜǊέ ƛƴ ƻǊŘŜǊ ƻŦŦŜǊ ŀƭǘŜǊƴŀǘƛǾŜ ƻǇǘƛƻƴǎΦ 

¶ Obviously, the models provide better prediction on historical more populated triplets (ACT, 
ACO, city-pair). But the results are also quite good on low historically populated triplet, 
furthermore: 

o !ƭǘŜǊƴŀǘƛǾŜǎ Ŏŀƴ ōŜ ǇǊƻǾƛŘŜŘ ŜǾŜƴ ƛŦ ƴƻ άŀƭǘŜǊƴŀǘƛǾŜέ ƘƛǎǘƻǊȅ ƛǎ ŀǾŀƛƭŀōƭŜΦ 
o Trajectories can be provided for triplet combination that have never been filed in the 

history. 
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Future improvements shall consider route constraints (RAD) to process in a more realistic way the 

alternative trajectories. 

See Appendix D gives a detailed description of validation activity of ACT04. 

Status: OK 

4.2.4 Objective #04 Results 

Objective: Produce Airspace User-driven mitigation plan. 

Rationale: Current procedures to solve demand-capacity overloads rely on regulations that lead to 
delaying flights on ground, in a first-come first served basis, without taking into account any preference 
from airspace-ǳǎŜǊǎΩ ǎƛŘŜΦ LƴǘŜƎǊŀǘƛƴƎ !¦ǎΩ ǇǊŜŦŜǊŜƴŎŜ ǿƛƭƭ ƛƴŎǊŜŀǎŜ ǘƘŜƛǊ ŀŎŎŜǇǘŀƴŎŜ ƻŦ the 
automatically-generated mitigation plans. 

Results: 

DCB solvers developed in ISOBAR take into account AU preference for alternative trajectories. At the 
time when ACT03 was run, the AI-module to be developed within ISOBAR to predict preferred 
alternative trajectories per AU was not ready. A workaround was to build a set of alternative 
trajectories for every triplet (origin-destination, aircraft type, airspace user) directly from the traffic 
data of the considered validation day. These alternative trajectories were used as an input to the 
solver.  

bƻ Řŀǘŀ ǿŀǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǉǳŀƴǘƛŦȅ !¦ǎΩ ǇǊŜŦŜǊŜƴŎŜ ŦƻǊ ŘŜƭŀȅΦ 

In ENAC's DCB solver, for every flight, random preference scores were given to alternative trajectories. 
Then, when deciding to reroute a flight, the most preferred alternative trajectories had higher 
probability to be selected. 

In CU's DCB solver, alternative trajectories were ranked by flown distance. The shorter the trajectory, 
the higher its rank. When deciding to reroute a flight, alternative trajectories were assessed firstly by 
their impact on the total overload, and secondly, by their flown distance. 

When computation time is limited, both DCB hotspot solvers, either based on optimization (Hyper-
heuristics ς HH) or on machine learning (Multi-Agent Reinforcement Learning ς MARL), compute DCB 
measures (delay at departure and/or alternative route selection per flight) that are able to mitigate 
some or all hotspots in the region and time horizon of interest.  

The observed computing times to solve all hotspots range from 4 ς 9 minutes for HH solver, and from 
3 ς 4 minutes for MARL solver. Bearing in mind that the acceptable computing time expressed by 
EUROCONTROL is up to 20 minutes, the observed computing times are suitable for FMP/NM use.  

Compared with CASA algorithm, HH and MARL solvers modify 50-70% fewer flights, and prescribe 40ς
70% less total delay. Also, HH solver reduces average delay per flight by up to 27% compared with 
CASA. HH solver shows a fairer distribution of average delay per AU than CASA, which fosters more 
AUs satisfaction. MARL solver reduces average delay per flight by up to 54% compared with CASA. 
However, CASA solver shows a more balanced distribution of average delay per AU than MARL, 
because MARL solver has no constraints of maximum delay. 
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Status: OK 

4.2.5 Objective #05 Results 

Objective: Reinforce the Collaborative Process among actors. 

Rationale: The Collaborative Process is assessed to analyse the capabilities of local actors (ACC/FMP) 
and NM to manage cross-border critical problems and solutions at the network level. This coordinated 
process involving local FMP and the pivotal role of NM leads to a more stable plan and a better network 
performance. 

Results: 

The analysis of the questionnaires shows very positive feedback (100% positive) from FMP/NM. The 
first point concerning the NM pivotal role to propose a global optimized solution in critical situation 
management is agreed and validated. The second point concerning the collaborative framework both 
for D-1 and D0 with clear assignment of roles, tasks and responsibilities is validated. However, a 
simplified process has been proposed and will be reflected in the OSED. In particular, it is proposed to 
integrate the sector configuration (capacity adjustment) in the workflow to simplify the NM pivotal 
and coordinator role. The collaborative process decreases the individual FMP decisions, by providing 
common baseline for FMP/NM coordination at the network level. 

Status: OK 

4.2.6 Objective #06 Results 

Objective: Integrate convective weather information in the FMP/NM working environment. 

Rationale: The integration of convective weather information in the FMP/NM working environment is 
evaluated to assess to what extend they help the FMPs and NM in their decision-making process when 
assessing the weather situation and propagation of imbalances.  

Results: 

The analysis of the questionnaires shows very positive feedback (95% positive) from FMP/NM. The 
convective prediction information is trusted and considered as relevant and precise. It allows FMP/NM 
to understand and make a good evaluation of the convective situation. The visualisation integrated in 
the FMP/NM working environment was considered relevant and bringing benefits to assess the traffic 
situation. 

It was recognized that the standardized risk matrix provides a digestible and understandable 
information to FMP/NM. Different strategies at D-1 and D0 have been explored selecting the different 
predictive models, the severity and probability. The high severity/high probability was the most used 
parameters and it was considered manageable to analyse different prediction models (AROME, 
GSRESP, ECMWF). However, two improvements were proposed: 1) to define a dispersion metric that 
combine the weather forecast of the different providers when we have more than one forecast, it will 
determine the similarity of the different forecasts 2) to develop a single aggregated model combining 
AROME, GSREPS, ECMWF. 
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It was recommended to use the risk matrix as a selection tool for more granular or combined 
information, to add top CB and type of convective extent information. 

Status: OK 

4.2.7 Objective #07 Results 

Objective: Decision-making process to start from pre-tactical phase to provide a better anticipation 
management. 

Rationale: The improvement of the prediction at D-1 (36 hrs time horizon) should allow the FMP and 
NM to start a pretactical field of actions to be considered in case of maximum risk of convection in 
order to prevent and deconflict chaotic situation in anticipation. 

Results: 

It has been demonstrated a very good stability from D-1 to D0 (up to 36 hrs in advance) for the 
convective prediction, for the capacity reduction prediction and for the proposed solver solutions. It 
paves the way to anticipate ATFCM actions at D-1.  

The analysis of the questionnaires shows very positive feedback (100% positive) to consider 
implementing solutions as early as possible at D-1 and to manage residual overload at D0. However, it 
is not yet clear what kind of strategy to implement from D-1: Regulation? Cherry-Picking? Further 
investigations should be conducted to propose new working methods, in particular, with massive 
Cherry-Picking solutions. 

Status: OK 

4.2.8 Objective #08 Results 

Objective: Characterise the cross-border DCB impact of convective weather phenomena. 

Rationale: The determination of predicted weather capacity reduction should allow the FMP and NM 
to introduce a precise identification of DCB impacts, propagation of imbalances and hotspots, 
identification of cross-border netspot. 

Results: 

The analysis of the questionnaires shows very positive feedback (100% positive) to evaluate the quality 
of the capacity reduction prediction. It is considered very accurate, easy to understand and easy to 
adjust. It allows the FMP/NM to identify the cross-border overloads and propagation of imbalances. It 
supports very well the identification of the netspot (cluster of hotspots; cross-border problems). It is 
recommended to visualize the TV impacted by a weather capacity reduction directly on the map to 
support better the understanding and situation awareness, and not only on a dashboard tab. 

Status: OK 

4.2.9 Objective #09 Results 
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Objective: Identify predefined weather scenario (Playbook). 

Rationale: A playbook have been defined at the strategical step and the ability to identify predefined 
weather scenario from the Playbook will be evaluated. 

Results:  

This objective has not been addressed due to the prototype constraint avoiding supporting rerouting 
weather scenario. 

Status: NOK 

4.2.10  Objective #10 Results 

Objective: Enrich the decision-making using an aid-tool Hotspot Solver developed by EUR. 

Rationale: When introducing a full automated aid-tool solver, it is necessary to determine if the new 
tools have an impact on the 1) operating methods, workload and situational awareness 2) network 
ǇŜǊŦƻǊƳŀƴŎŜ όŘŜƭŀȅΣ ƻǾŜǊƭƻŀŘΣ Χύ 

Results:  

The analysis of the questionnaires shows very positive feedback (100% positive) to evaluate the quality 
and performance of the full automated aid-tool solvers (optimized CASA, full Cherry-Picking, Hybrid) 
and what-if. The FMP/NM are able to easily manage the aid-tools solvers and to make comparisons to 
assess the result performance using what-if of the different solvers. 

The Cherry-Picking solver has been very well appreciated for the impressive delay performance 
(reducing delay by 75%) and the overload resolution. It is recommended to mature this approach as it 
should become a realistic alternative to the CASA mechanism. It should be noted that this solution will 
be even more efficient with the introduction of optimized sector configuration and the rerouting 
capabilities. 

 CASA 
Reference 
(GR) 

Optimized CASA 
(OR) 

Hybrid 
(H) 

Hybrid+ 
(H+) 

Full Cherry-Picking 
(CP) 

% Delay Reduction 0 16% 33% 49% 75% 

Diff D-1/D0 

(stability) 

N/A 19% 15% 11% 30% 

% flight impacted 45% 41% 39% 33% 19% 

% flight delay>30min  0 -18% -49% -58% -78% 

Average Delay  < 30 min : 14 min 

> 30 min : 36 min 

  <30 min : 6 min 

>30 min : 54 min 

Table 7: DCB Solvers Performance 
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The delay attribution policy for cross-border and global solutions should be redesigned to cope with 
the Cherry-Picking mechanism. 

Status: OK 

4.2.11  Objective #11 Results 

Objective: Assess potential benefits in Capacity of the ISOBAR solution implementation. 

Rationale: Precise characterisation of Demand and Capacity Imbalances and accurate learning-based 
DCB Solution. 

Results:  

Analysing the results of the share of regulated hours, from an overall perspective, there are no 
important differences between the results of reference scenario and solution scenario. The percentage 
of OVD timeframe and the severity of OVD are compensated, when the percentage of OVD of solution 
scenario is higher than in reference scenario, the severity is used to be lower, and vice versa. Thus, at 
the end the regulated hours are maintained at same level. 

For the three days, the 27/07 shows a positive value of 1.66% which means that average HEC is slightly 
higher than reference, this can be also due to the fact that 75 flights in reference scenario were delayed 
to D+1 so they were not simulated and did not contribute to the complexity of the whole picture. For 
27/08 it is exactly the same which means the demand is equally distributed. For 28/08, the value is -
1.54%, which means the distribution of demand is better in solution. But in general, no big differences 
are observed. 

Since in most of simulated scenarios the share of hour of balanced sectors was maintained, but the share of hour 
of overdelivered and underdelivered sectors were worsened slightly in solution scenario, the objective is 
considered as Not OK. However, potential benefits are expected in this KPA with further refinement of the AI 
modules and better quality of the dataset used for simulation. 

Status:  NOK 

4.2.12  Objective #12 Results 

Objective: Assess potential benefits in Operational Efficiency of the ISOBAR solution implementation, 
focusing on Punctuality and Predictability. 

Rationale: Precise characterisation of Demand and Capacity Imbalances, accurate learning-based DCB 
Solution and assessment of ISOBAR B2B service prototype. Moreover, to enhance the accuracy of 
variability, demand, and delay predictions. 

Results:  

The predictability metric PRD_1 is slightly higher in solution since the average deviation with respect 
the planned trajectories are higher in solution scenario. This means that in average the flights in 
solution tend to deviate up to 0.3 min/flight more than reference. But in general, it can be considered 
as maintained.  
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The delayed flights mean the flights that have arrived later than planned. For all scenarios, solution 
one has more delayed flights and consequently causing more airborne holding, flight duration and 
worse arrival punctuality. However, the differences are quite small and negligible, to be able to state 
that they are also maintained.  

As summary, the punctuality and predictability are maintained at similar levels or slightly worse due 
to the increment of the flight duration caused by the re-routings applied at planning phase and storm 
avoidance manoeuvres.  

Note that this OBJ is not directly related to OBJ#4, the OBJ#4 focuses on pre-tactical phase, ATFCM 
delays caused by regulations. And OBJ#12 focuses on the tactical phase, on punctuality. This 
punctuality already includes the regulated arrival time due to regulation at pre-tactical phase. This 
means that we did a better regulation in planning phase reducing the delays and at tactical phase the 
flights arrived more or less at the planned (regulated) times in both solution and reference scenarios. 

Status: Partially OK 

4.2.13 Objective #13 Results 

Objective: Assess potential benefits in Environment of the ISOBAR solution implementation. 

Rationale: Evaluation of the environmental impact of the solution. 

Results: 

The reduction of average flight distance and duration is slightly negative, which means that the flight 
time/distance in solution is a bit higher. This causes the longer the distance and the flight time, the 
more fuel burn and the CO2 emissions will be. But the difference is nearly zero. Thus, the fuel burn and 
emissions are maintained at similar levels or slightly higher due to the increment of the flight duration 
caused by the re-routings applied at planning phase and storm avoidance manoeuvres. 

Status: Partially OK 

4.2.14 Objective #14 Results 

Objective: Assess potential benefits in Safety of the ISOBAR solution implementation. 

Rationale: Evaluation of the Safety impact of the solution. 

Results:  

The results obtained for 27th and 28th of August are similar, having more conflicts in the solution 
scenario. Relating these results with their corresponding capacity metric, the value is acceptable since 
the complexity of these days is higher due to the higher number of OVD or the higher severity of 
capacity. It is proved that the increase of 11% and 10% respectively with respect the reference scenario 
is due to the increase of demand in the sector-periods with higher number of conflicts, which means 
the correlation is found. Thus, the safety is maintained since the increase of number of conflicts is 
proportional to the increase of demand in the impacted ACCs. 
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The 27th of July is the only day that has lower number of conflict in solution scenario, despite that it 
has higher average hourly entry. The decrease is due to the considerable reduction of conflict in the 
EDUU ACC, where it has lower number of demand, thus OVD in the solution scenario. This means that 
by deviating the flights to other ACCs, the EDUU ACC had less demand, thus less complexity and less 
induced conflicts.  

As summary, the number of conflicts is higher in solution scenario due to higher demand of certain 
sectors in solution scenario. In specific sectors, a clear reduction in conflicts can be also appreciated.  

Status:  Partially OK 

 

4.3 Confidence in Validation Results 

4.3.1 Limitations of Validation Results 

ACT01 

General 

ACT01 limitations mainly were related to the data available. Certain models we limited in the number 
of forecast releases. 

Sample representativeness 

Predictions were based on real forecast, representing a representative sample of the prediction that 
would be available in an operational setting. 

Environment 

ACT01 was carried out on PLANTA. Weather information was distributed via an API. 

 

ACT02 

General 

ACT02 limitation were based on the data available. Correctly labelling data and defining an adequate 
target function proved to be a challenge. Models were trained using historical data from DDR (Demand 
Data Repository), however further analysis of data is required to correctly identify capacity fluctuations 
and hotspots due to weather. 

Sample representativeness 

Data used to train the model was from years 2018 and 2019. There were instances where traffic 
volumes and sectors change from one year to the next, this made it difficult for model to generalize 
traffic behaviour. 

Environment 

Models were developed and validated using Python.  
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ACT03 

General 

The validity of the results is limited to the selected days of validation, the in-house simulation 
environments, and the input data received from the upstream AI-module developed within ISOBAR: 
capacity prediction module. Also, alternative trajectories for every pair (origin-destination, aircraft 
type, airspace user) were built directly from the traffic data of the considered validation day. 

Sample representativeness 

Three validation days from summer 2019 (27/07, 27/08, and 28/08) were selected at the consortium 
level, to perform the validation activity. Historically, these validation days had very high delay at the 
network level due to very convective weather in summer 2019.   

For this reason, the validation days are very representative of typical situations where ISOBAR concept 
is to be used. 

However, it is noteworthy that the selected validation days were very challenging since the predicted 
capacity was very low, which led to an unrealistically-critical initial overload situation. Such an 
evaluation is due to: 

¶ pessimistic capacity prediction (AI-based module developed in WP3,  

¶ unadopted ACCs configuration, given the new capacity prediction,  

¶ a difference in the main object of interest between in-house simulation environments, focusing 
on sectors, and more realistic environments such as INNOVE, focusing on traffic volumes (TVs). 

Therefore, the results of the experiments mainly represent the performance of the solver in solving 
scenarios of extreme congestion in the airspace. 

 
 

Environment 

All tests of ACT03 were performed in in-house simulation environments.   

Multi-Agent Reinforcement Learning (MARL) solver was developed by CU in Python. 

Hyper-heuristics (HH) solver was developed by ENAC in JAVA. 

 

ACT04 

General 

Beyond the fact that the route constraints are not considered in the alternative trajectories processing, 
the validation allow us to state that the ML models provide pretty good results in terms of lateral 
prediction, the vertical profile predictions are more complex to evaluate as we observe a greater 
degree of variability. These results have been validated on one hand by the measures of appropriated 
KPIs and on the other hand by the assessment by an AU: SWISS (ISOBAR Partner). 

So, we can validate our approach where we consider that the AU preference is handled by the 
frequency of use of a trajectory (the more a FP is operated the more it represents the AU preference). 
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However, the matter of characterisation of AU preference remains relevant as AU preference is specific 
and strategic for a given AU and therefore not sharable. 

Sample representativeness 

The validation scenario relies on the last filed flight plans from the history of flights in the 
EUROCONTROL ATM database on 27 July, 27 Aug and 28 Aug 2019. Our models have been trained on 
these data and we face the following limitations: 

¶ The low populated history for some triplets (ACT, ACO, city-ǇŀƛǊύΥ ƛǎ ŀ άƭŜŀǊƴƛƴƎ ŀǇǇǊƻŀŎƘέ 
efficient when trying to capture AU specificity from low populated history? 

¶ For a given Flight Plan, the great variability of vertical profile in history: the vertical profile 
predictions are more complex to evaluate. 

¶ The limited number of data (from a ML training point of view) concerning AU SWISS on these 
three days: what is the relevance of the assessment by an AU of the trajectories processing? 

 
Environment 

The training of the ML models, their implementation and execution, and therefore the validation 
activities of ACT04 were performed on in-house environments. 

 

EXE01 

General 

The validity of results is limited to the approaches detailed in the previous chapters. We took a lot of 
precautions to build/approximate a reference with regulations and delays for the scenarios in order to 
identify as best as possible the performance improvements. 

The prototype used the operational CASA regulation and B2B Services which ensure a high degree of 
realism and solver behaviour. 

The operational actors (FMP/NM) gave very positive feedback to the prototype realism and quality of 
information. 

Sample representativeness 

Several scenario days have been collected and analysed in order to fulfil the objectives of the exercise.  

¶ Very critical convective days with massive regulation and delays have been identified and 
selected by DSNA/ENAIRE/NM ops in 2019 (pre-covid traffic) : 26-27 Jul, 9 Aug 27 Aug 

¶ It can be reasonably assumed that these four days are representative of a typical critical network 
situation, and thus may be capturing the typical profile of regulation and delays  

 
Environment 

The process of managing critical convective situations included french and spanish ACCs with a special 
focus on Reims/Marseille/Barcelona-Palma/Madrid. 

¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ΨǎƻƭǾŜǊǎ ŀƛŘ-ǘƻƻƭǎΩ ŀƭƎƻǊƛǘƘƳ ǇŜǊŦƻǊƳŀƴŎŜ ǿŀǎ ōŀǎŜŘ ƻƴ Ҍолл ƳƻŘŜƭ ǎƛƳǳƭŀǘƛƻƴǎΦ Lǘ Ŏŀƴ 
therefore be stated that the results provide a good indication of the benefits applicable to the rest of 
the network.  
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EXE02 

General 

The simulation mode and the simulation platform have been a limitation themselves. In a Fast Time 
Simulation, it is not possible to measure all kinds of metrics and the RAMS Plus output did not allow to 
calculate all the metrics that were supposed to be calculated initially. 

Sample representativeness 

One of the main limitations encountered in this validation is the low number of use cases. Only 3 
different days have been simulated and not with all ACCs in European airspace. However, it is true that 
the results of these simulated ACCs can be extrapolated to other ACCs with similar characteristics. 

Even so, it would be better to have simulated more use cases, in order to be able to carry out a better 
analysis of the different situations that could have arisen. 

Environment 

The most representative ACCs and days in terms of convective meteorological phenomena were 
selected, since there are a large number of storms in all of them, in order to be able to better validate 
the ISOBAR solution. 

Nevertheless, from the results it can be deduced that the AI modules are more refined for some 
specific airspaces (ACC) than others. This shall be included as further refinement of the AI modules.  

Moreover, the representation of the storms as restricted polygons in the RAMS simulator is captured 
as snapshots every 15 minutes, thus continuous evolution is not considered. Also, the possibility of 
permitting the flights to enter less severe weather polygons is not considered, which is not as real life. 
More flexible rules shall be included in the simulation. 

4.3.2 Quality of Validation Results 

ACT01 

The validation exercise results proved to be of good quality with all models showing good skill at 
predicting convective cells. Forecasts proved to be stable from D-1 to D-0. 

ACT02 

Although models provide a good quantitative performance at predicting sector entry count, and 
identifying weather regulated trajectories. Results prove to be difficult to interpret and translate into 
actionable decision. 

ACT03 

The quality of the validation results depends on the quality of the input data, and the quality of the in-
house simulation environment of each solver. Possible differences compared with a more realistic 
simulation environment, such as INNOVE, can be due to the entry time precision, the handling of 
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multiple entries to the same sector, and the fact that the developed solvers focus on offloading sectors 
and traffic volumes (TVs).  

With respect to the maximum ŘŜƭŀȅ ǇŜǊ ŦƭƛƎƘǘΣ /¦Ωǎ ǎƻƭǾŜǊ Ƙŀǎ ƴƻǘ ŀǇǇƭƛŜŘ ŀƴȅ ŎƻƴǎǘǊŀƛƴǘǎ ƻŦ ƳŀȄƛƳǳƳ 
delay, which results in a considerable delay for some flights (for example, more than 10 hours). 
.ŜŎŀǳǎŜ /¦Ωǎ ǎƻƭǾŜǊ ƛǎ ŘŜǎƛƎƴŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊƛƻǊƛǘȅ ƻŦ ƘƻǘǎǇƻǘ ƳƛǘƛƎŀǘƛƻƴΣ ŀ ƳǳƭǘƛǇƭe-iteration 
mechanism is applied to the reinforcement learning environment. However, based on the 
ŜƴǾƛǊƻƴƳŜƴǘΣ ŦƻǊŎƛƴƎ ŀ ƳŀȄƛƳǳƳ ŘŜƭŀȅ ǘƛƳŜ ŎƻƴǎǘǊŀƛƴǘ ƻƴ /¦Ωǎ ǎƻƭǾŜǊ ǿƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ŀƴ ƛƴŀōƛƭƛǘȅ ǘƻ 
guarantee mitigation of all hotspots or extending the required solution time because of more iterations 
needed. Considering that the number of flights with a considerable delay is small and these flights can 
ōŜ ǘŀƪŜƴ ŀǎ ŎŀƴŎŜƭƭŜŘΣ ǘƘŜ ƭŀŎƪ ƻŦ ǘƘŜ ŎƻƴǎǘǊŀƛƴǘ ǿƻǳƭŘ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘŜŎǊŜŀǎŜ ǘƘŜ ǎƻƭǾŜǊΩǎ ǇƻǘŜƴǘƛŀƭ 
of application in practice. 

ACT04 

The trajectory prediction ML model provides interesting results, the predicted trajectories are 
consistent and can be used as possible mitigation alternatives. However, these results rely on 
substantial constrains: the accuracy of the predicted vertical profiles, the missing of route constrains 
in the alternative trajectory processing, and the difficulty to bring out measurable criteria of AU 
preference. These constrains question the possibility to extrapolate the results and are the basis of our 
recommendations. 

EXE01 

The FMP/NM recognized the quality and realism of the proposed scenarios. They expressed very 
positive feedback (99%) regards to the convective prediction, the capacity reduction prediction and 
the proposed solutions (Regulations, Cherry-Picking).  

The quality of validation results is discussed from different perspectives: data quality, statistical 
significance, as well as the performance metrics and capabilities of the solvers.  

First and foremost, it is important to remark that the limitations concern the data used to particularise 
the demand-capacity balance problem in the various scenarios.  Regarding the traffic data, the initial 
traffic demand (i.e., the last filled flight plan) was obtained from the Demand Data Repository (DDR). 
Because these post-ops data represent the end-of-day picture, it is assumed that all flight plans are 
known in the system. In real-life, however, airspace users can submit their flight plans from 5 days to 
3 hours before departure. This high degree of flexibility during the flight planning process enables them 
to optimise their operations by accounting for various uncertainty factors, like the weather. Due to this 
wiggle room, however, it is more likely that accurate traffic demand figures will only be available on 
the day of operations. Furthermore, the flight plans used to particularise the traffic demand include 
the tactical changes made by the corresponding airspace users during the day (if any), thus polluting 
the input data for the solver with actions that would not be present in real-life. 

In terms of capacity data, the first attempt was to extract capacity values according to the post-ops 
opening schemes reported in the DDR. Combining initial traffic demand with post-ops opening 
schemes (which may or may not represent what actually occurred during the day) resulted in 
numerous convergence issues due to extremely high and unrealistic overloads. In some cases, the 
overloads were so severe that the CP solver failed to converge. For this reason, opening schemes better 
aligned with the initial traffic demand were computed by using the ICO (Improved Configuration 
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Optimiser) tool. The capacity values extracted from the opening schemes optimised by ICO, however, 
may be too optimistic.  

It is worth noting that the solvers were executed at D-1 and at D0, assuming that the demand would 
not change during the day (i.e., taking into account a static picture) but only the capacity. In real-life, 
however, the traffic demand is volatile and may change with time due to various sources of 
uncertainty. This means that, in a hypothetical real-life implementation, the solvers proposed herein 
would need to continuously adjust the solution to the changing demand (e.g., by executing the solver 
every hour). The real-time, dynamic, execution of the solvers must be addressed in future work, as 
ǿŜƭƭ ŀǎ ŀ ǎŜƴǎƛǘƛǾƛǘȅ ǎǘǳŘȅ ƻŦ ǘƘŜ ǎƻƭǾŜǊΩǎ ǊŜǎǳƭǘǎ ǿƛǘƘ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ƛƴ ǘƘŜ ƛƴǇǳǘ Řŀǘŀ όƛΦŜΦΣ ǘƘŜ ǘǊŀŦŦƛŎ 
demand and/or capacity). 

EXE02 

The quality of the results has not been as good as expected. As already mentioned, some of the AI 
Modules that make up the ISOBAR Solution were not fully mature, so the input data to RAMS Plus for 
the solution scenario was not as correct as expected. In addition, the delay in receiving the M2' traffic 
has taken time away from a more in-depth analysis of the results and their veracity, which would have 
helped us to be surer if there is any error in the simulation. 

However, despite these comments, the results are not considered to be bad neither. In most metrics, 
the results have remained close to the reference values. Therefore, it can be said that there is potential 
in the future with further developments of the ISOBAR Solution, as despite so much uncertainty, the 
results of the reference scenario have been mostly maintained. 

4.3.3 Significance of Validation Results 

ACT01 

Statistical significance 

Results were obtained with a limited data set of weather forecasts and weather observations (15 days). 
While the model showed good performance, additional data is necessary to determine statistical 
significance of results. The inclusion of additional data to train models is likely to improve results. 

Operational significance 

The validation exercise results imply an increase in the lead time of convective weather prediction. 
These results are highly significant to air traffic managers, as it implies, they would be able to apply 
more efficient weather mitigation strategies during the pre-tactical phase of ATFM. 

 

ACT02 

Statistical significance 

Validation was conducted using only 3 days of historical data, the model training was limited to 1-2 
months from 2018 and 2019. Certain traffic volumes and sectors were not consistent between the 
training and test datasets. Additional data is required to provide statistical significance of results.  
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Operational significance 

Validation exercise provides a framework for methodology for using AI in DCB problems. This exercise 
paves the way for creating an automated system for predicting capacity drops and hotspots in the 
network. However, further refinement is needed to better formulate the certain aspects of learning 
tasks and data for target function to use during training. 

 

ACT03 

Statistical significance 

Although only three days of traffic were considered, the trend on the total delay saving has been 
confirmed. We expect that experiments on additional DCB hotspot instances of a comparable size 
would confirm the findings.  

Operational significance 

With respect to operational realism, it is worth to note that the developed solvers focus on offloading 
sectors, while in operations, FMPs and NMs rather monitor traffic volumes (TVs). A traffic volume is 
defined using a reference object (such as a sector, an airport, or a navigation point) for which specific 
air traffic flows are attached (e.g., all flights excluding those departing from a specific region). However, 
an NM in the consortium stressed that sectors are considered as more stable objects (i.e., their 
definition may stay unchanged of several years) than TVs (that can change more frequently for 
operational purposes). 

 

ACT04 

Statistical significance 

Validation was conducted on a limited number of ML models and training data. Due, among others, to 
huge, time and computation, resources needed for ML training, we focus on a few number of models: 
a randomly select city-pairs model, a model focusing onto city-pairs mainly operated by SWISS, and 
models based on most operated city-pairs during the three days of EX02 (see [29]). 

Operational significance 

The missing of route constrains in the alternative trajectory processing is the main downside on the 
operational significance of the validation. Another difficulty is that it was not possible, at this stage, to 
bring out measurable criteria of AU preference. 

EXE01 

Statistical significance 

In terms of statistical significance, only 8 scenarios yield a relatively small number of samples from 
which to draw statistically meaningful conclusions. Nonetheless, the results demonstrate undeniable 
and consistent differences between the solvers across scenarios. In other words, even though more 
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scenarios would increase confidence in the results, the performance metrics are crystal clear and one 
can identify the relative quality of the solutions proposed by the different solvers.  

Furthermore, the capacity reduction predictions were generated by a machine learning model trained 
with only 1 month of historical data (capacity and weather). In order to provide more reliable capacity 
reduction predictions in the future, such a model must be trained with a larger dataset, e.g., more than 
6 months.  

The performance metrics presented in previous chapters only consider the total ATFM delay generated 
by the various solvers.  

The current solvers fix overloads by issuing temporal ATFM measures (i.e., delays), either by means of 
regulations (GR and OR), cherry-picking measures (CP), or a combination of them (H and H+). Future 
work must extend the capabilities of the solvers to other effective ATFM measures, like re-routing and 
level capping. These new variants would require new parameters to determine the trade-off between 
delay (and associated cost) and environmental impact (due to the sub-optimal alternative trajectories 
avoiding congested areas by flying longer routes or less efficient altitude profiles). 

Operational significance 

¢ƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ ǾŀƭƛŘŀǘƛƻƴ ǊŜǎǳƭǘǎ ƛǎ ǾŜǊȅ ŎƭŜŀǊ ŀǘ ǘƘƛǎ ǎǘŀƎŜΦ !ƭƳƻǎǘ ΨǎǘǊƻƴƎƭȅ ŀƎǊŜŜŘΩ 
ŀƴŘ ΨŀƎǊŜŜŘΩ ǇƻǎƛǘƛǾŜ ŦŜŜŘōŀŎƪ ƘŀǾŜ ōŜŜƴ ŎŀǇǘǳǊŜŘ ŀƴǎǿŜǊƛƴƎ ǘƻ Ҍрл ǉǳŜǎǘƛƻƴǎ ŦƻǊ ǘƘŜ ŘƛŦŦŜǊŜƴǘ 
validation objectives. 257 answers have been analysed, 245 are positive, 3 are negative: 99% positive 
feedback. The operational benefits are demonstrated at the V0 maturity phase. 

Concerning the operational performance, the results are very clear, as the performance improvement 
demonstrated 

¶ Ability to understand the weather convective prediction and to identify critical weather areas 

¶ Ability to understand and to manage the capacity reduction prediction 

¶ Ability to manage the solution at network level with solvers demonstrating significant delay 
improvement (75% min delay reduction with Cherry-Picking) 

EXE02 

Statistical significance 

Although the most representative use cases in terms of meteorological information have been selected 
(3 days with worst weather pre-COVID 2019), by selecting more days and different ACCs, a greater 
significance could have been obtained. 

Operational significance 

It can be noted that since it is an FTS, it has not been possible to represent human behaviour within 
this ATFCM process, thus some assumptions had to be made and human behaviour represented by 
some generic rules. In addition, it has not been possible to apply all the degree of automation that 
would have been desirable when preparing all the input information for the simulation, so several 
tasks have had to be carried out manually, which could have led to small errors. 

https://www.sesarju.eu/


REPORT ON ISOBAR EVALUATION AND ROADMAP FOR ISOBAR B2B SERVICE 

 

  

 

Page I 63 
 

  

 

5 Summary of Conclusions and 
Recommendations 

The conclusions and recommendations from the analysis of the results from each activity and exercise 
are detailed in the appendixes corresponding to each of them. This section summarises them to 
provide the reader a self-contained text of the main technical validation conclusions. The validation 
conclusions, together with the rest of results of the project, have been further analysed and internally 
discussed to extract more extensive and detailed conclusions and recommendations, which have been 
gathered in in the Final Report D8.2 [30]: 

5.1 ACT01 Meteo Engine AI 

From the validation exercise results of the AI-based weather prediction models performed in ACT01 
the main conclusion is that the MetEngine concept is valid. The methodology proves to work at least 
on a small data set. Additional historical data (months/years) is required to provide statistically 
significant results. The success criteria of being able to provide meteo-related ML libraries capable of 
computing probabilistic forecasts of convective weather adapted to ATFCM spatial and temporal 
granularities have been met.  

In addition, all models developed show good skill at predicting convective cells in a stable way from D-
1 to D-0, so the MetEngine concept is said to be valid. 

Recommendations include the use of larger datasets for training and validation of the MetEngine 
models to obtain statistically significant metrics to better quantify the model performance. A possible 
improvement is the use of more precise observational data such as radar and a real time 
demonstration to better assess the potential benefits to air traffic flow management operation. 

5.2 ACT02 Hotspot detection AI 

According to the results from ACT02, the main conclusion is that Machine Learning models work well 
for capacity decay prediction and for the provision of probabilistic hotspots associated to probabilistic 
forecasts of weather cells. However, some models such as Neural Network and Random Forest models 
work better for predicting tabular data such as sector Entry Counts and CNN architecture models work 
better for predicting spatial data such as weather or traffic flows. 

For a better capacity decay prediction, a recommendation is the redesign of the problem formulation 
to establish clear model inputs and learning objectives. In addition, the enrichment of the available 
dataset will help subject matter experts to correctly label hotspots, capacity decays and overloads due 
to weather. 

5.3 ACT03 Hotspot mitigation AI 

The main conclusion that points out from the results from ACT03 is the correct performance of the 
developed DCB solvers (ENAC and CU Solvers) for mitigating all hotspots in the studied region and time 
horizon of interest by modifying the departure time and/or selecting an alternative trajectory. The 
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results of the current validation activity also confirms that multi-agent reinforcement learning (MARL) 
and hyper-heuristics (HH) technics can also fit to the DCB hotspot mitigation problem.  

Both solvers are technically feasible, and both outperform baseline custom CASA algorithms in terms 
of total delay and number of delayed flights. 

Recommendations include the consideration of the uncertainty on demand and capacity information 
and the inclusion of the possibilities of cancelling flights when obtaining delays more than a specific 
time and of excluding flights non-eligible to regulation in the Solvers. Another possible improvement 
is the use of the gate concept and the location of the convective weather when selecting the flights to 
be regulated. 

5.4 ACT04 AU Preferences AI 

The AU Preference AI module validated in ACT04 conclude that predictions can be obtained not only 
for triplets historically filed, but also potentially new ones, considering that the model will provide 
better prediction on historical more populated triplets. On the other hand, although AU preference 
criteria were not available, the choice to assess route preference with a statistically approach came 
out as suitable. 

Some recommendations for a better demand characterisation are the integration of route constraints 
in the alternative trajectories processing and the definition of a global configuration management 
strategy to manage training and automation of ML models. Moreover, discussions with different 
Airspace Users are necessary to bring out a minimal consensus on their preference criteria. 

5.5 EXE01 ISOBAR Operational Assessment with Real Time 
Simulation 

One of the main conclusions of the EXE01 is that the evaluated coordinated process involving local 
FMPs and the pivotal role of NM has led to a more stable plan leaving the management of residual 
problems for D-0. Another important point is that when designing future CHMI the quantity and level 
of detail of the information presented has been carefully planned: information has to be enough and 
not too much, to avoid overloading the operator.  

In addition, the quality of convective weather prediction, the assessment of the capacity reduction 
prediction, the assessment of the different solvers, the overload resolution and the assessment of the 
human performance have resulted successful. 

Recommendations include starting the decision-making process in the pre-tactical phase to provide a 
better anticipation, the integration of convective weather information in the FMP/NM working 
environment, the characterisation of cross-border DCB impact of convective weather phenomena and 
the enrichment of the decision-making process by using an aid-tool Hotspot Solve. 

5.6 EXE02 ISOBAR Performance Evaluation with Fast Time 
Simulation 

Regarding the performance evaluation carried out in EXE02, the main conclusions are the reduction of 
the reduce ATFCM delays at pre-tactical phase and the fact that it has remained in the tactical phase 
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at same levels, which is noteworthy given the maturity of the tested AI modules in context of an FTS. 
The concept is promising and shows potential, but non-HIL results are dragged as the supporting tools 
are not at the same level of maturity. Besides, the usability of FTS tools for evaluating some KPAs has 
not been optimal. In particular, for capacity the results have been ambiguous in terms of benefits. This 
has been due to the lack of operational review of the mitigation measures implemented in the FTS tool 
(they have been fed directly from the DCB solver module without any operational HIL involvement) 
and to the intrinsic functioning of fast-time simulators (tactical ATC is hard to mimic in all its complexity 
and level of performance).  

For better performance evaluation, recommendations include testing a bigger number of use cases, 
further maturing all AI modules, and specially the DCB solvers, that compose the ISOBAR Solution and 
using FTS tools in combination with operational expertise with sequences of concatenated simulations 
and human appraisal for operational tuning. Thereby, more significant benefit can be demonstrated 
when conducting the chain of ATCFM process proposed by ISOBAR Solution. 
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Appendix A Validation Activity ACT01 Report 

A.1 Summary of the Validation Activity ACT01 Plan 
ACT01 consisted of validating the AI based convection prediction models developed in work package 
2. A total of three models were developed, each based on a different numerical weather prediction 
product. The three forecast products used were: 

¶ AEMET gammaSREPS ς Iberian Peninsula 

¶ METEOFRANCE AROME ς Centered around France  

¶ ECMWF Ensemble Prediction System ς Pan-European Region 

The models were trained using data from satellite observations of convective cells provided by the 
Rapidly Developing Thunderstorm (RDT) product. Model outputs consisted of probability, severity, and 
altitude of thunderstorms. 

A.1.1 Validation Exercise description, scope 
The validation exercises consisted of providing the thunderstorm predictions for the three selected 
dates from summer 2019 ( July 27th, August 27th and August 28th ).  For each day, forecast predictions 
were provided for D-0 and D-1.  

A.1.2 Summary of Validation Activity ACT01 Validation Objectives 
and success criteria  

The validation objective was to use an AI model for precise characterization of convective weather 
cells from H-24 to H0, based on risk matrix [extent of convective event, probability of occurrence) 

Success of the activity was based on the provision of meteo-related ML libraries capable of computing 
probabilistic forecasts of convective weather adapted to ATFCM spatial and temporal granularities 

Validation Objective 
Research 
Question 

Hypothesis 
Independent 

variables 

Dependent 
variables 

(Indicator) 

Objective #1: 
Characterisation of 
Convective Weather. 

Precise characterisation of 
convective weather cells 
from H-24 to H0, based on 
risk matrix {extent of the 
convective event, 
probability of occurrence}. 

ü Success criteria: 
Provision of meteo-

RQ1: Which 
sources of data 
are key for a 
better prediction 
of convective 
event from H-24 
to H0? 

H1: Different 
sources of weather 
data (NWP, RDTs, 
Lightning) are key to 
improve the 
convective weather 
prediction.  

AROME 45 
parameters 

GREPS 22 
parameters 

Probability 
forecast of 
convection 

RDTs 

Lightings 

Thunderstorm 

RQ2: Which 
convective 
predictive model 
and machine 

H2: A convective 
predictive model 
and machine 
learning technique 
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related ML libraries 
capable of computing 
probabilistic forecasts 
of convective weather 
adapted to ATFCM 
spatial and temporal 
granularities. 

learning technics 
can better 
identify and 
quantify 
probabilistically 
the convective 
phenomenon 
from H-24 to H0? 

better identifies and 
quantifies 
probabilistically the 
convective 
phenomenon. 

Extent of the 
convective event 

Probability of 
occurrence 

Probability 
forecast of 
convection 

RDTs 

Lightings 

Thunderstorm 

Table 8: Summary of Validation Activity ACT01 

A.1.3 Summary of Validation Activity ACT01 Validation scenarios 
The validation scenarios were based on July 27th, August 27th, and August 28th, 2019. These dates 
were chosen based on the strong convective activity and disruptions to the network. 

A.1.4 Summary of Validation Activity ACT01 Validation 
Assumptions 

ID Title Description Justification Impact on 
Assessment 

1 RDT Data  We assume the data provided 
by the RDT product is 100% 
accurate. However, it is 
believed the RDT product 
overestimates the severity of 
storms. 

While errors are likely to 
exist in the RDT product, 
this is the best available 
information describing 
the actual convective 
weather.  

Model is biased 
towards the RDT 
observations 

Table 9: Validation Assumptions overview 

A.2 Deviation from the planned activities 
15 days of data were taken from summer of 2019 to train the models. The 15 dates covered 
consecutive periods from months June, July, and August. Originally, the plan was to train and validate 
with June and July and test the model on data from August. However, given the need to include July 
27th the validation exercises, this date was removed from the training dataset. 

A.3 Validation Activity ACT01 Results 

A.3.1 Summary of Validation Activity ACT01 Results 

Validation 
Objective  

Validation 
Objective 

Description 

Success Criteria Validation Results Validation 
Objective 

Status 

Obj #1: 
Characterisation 
of Convective 
Weather. 

 

Precise 
characterisation 
of convective 
weather cells 
from H-24 to 
H0, based on 

Provision of meteo-
related ML libraries 
capable of 
computing 
probabilistic 
forecasts of 

-ɹSREPS OK 
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Table 10:Validation Results for Activity ACT01 

A.3.2 Analysis of Activity ACT01 Results per Validation objective 

Objective #1 Results 

Objective #1: Characterisation of Convective Weather 

MetEngine AROME 

The deep learning convection indicator was trained, validated, and tested with roughly three weeks of 
data. The entire experimental data set was comprised of forecast and observations pertaining to June 
18-23, July 23-28, and August 23-28. These days were selected because of the active convective 
activity, see Table 11: Forecast Release dates used for training, validation, and testing in AROME 
model. All dates are from 2019..  

Training Validation Test 

Jun-18  Jul-27 Aug-23 

Jun-19 Jun-21 Aug-24 

Jun-22  Aug-25 

Jul-23  Aug-26 

Jul-26  Aug-27 

Jun-20   

Table 11: Forecast Release dates used for training, validation, and testing in AROME model. All dates are 
from 2019. 

Validation 
Objective  

Validation 
Objective 

Description 

Success Criteria Validation Results Validation 
Objective 

Status 

risk matrix 
{extent of the 
convective 
event, 
probability of 
occurrence}. 

 

convective weather 
adapted to ATFCM 
spatial and 
temporal 
granularities. 

 

AROME 
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The model's overall performance is presented in Figure 3 for all binary targets. ROC curve generally 
shows a good performance, with a better performance in high severity storms and overshoots than 
other targets, and non-define (all storms) target presents the worst performance (see AUC values in 
the legend from Figure 3). 

Besides the ROC curves, the results are presented using normalized histograms. Figure 4 and Figure 5 
present histograms for the 12 binary targets. In the graphs the target distribution is shown in red, while 
the non-target class is shown in grey. Given the class imbalance in the test data set, the distributions 
have been normalized so that the two classes occupy the same area in the graphs. Ideally, we would 
like the two distributions completely separated, with the non-target (grey) distribution closer to a 
prediction score 0 and the target class (red) closer to a prediction score of 1. A model with good 
classification performance will minimize the overlap between the two distributions.  

From the figures we can notice that the moderate, high, and very high severity histograms have less 
overlap between the target and non-target distributions. It is also worth noting that for some targets 
such as the very high severity, the 175 hPa cloud top, lightning and overshoots, the model predicts 
very low values, this is due to the low occurrence frequency for these targets within the training data 
set. It is possible to increase model prediction value for these "rare" outputs by providing additional 
training data to increase the frequency of these rare events in the data set, additionally we could also 
increase the sample weights during the training process. However, given the binary nature of the 
problem, regardless of the magnitude of the prediction value, it is still necessary to define a threshold 
value to assess if the model prediction should belong to the positive class. Despite the varying ranges 
of prediction values for multiple output classes, the model shows a good classification performance. 

 

Figure 3: ROC curve MetEngine AROME model for 12 binary targets 
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a) Lightning 

 
b) Overshoot 

Figure 4: Normalized histograms for lightning and overshoot targets for AROME MetEngine Model. 

 
a) All Storms 

 
b) Low Severity 

 
c) Moderate Severity 

 
d) High Severity 

 
e) Very High Severity 

 
f) Cloud top altitude 275hPa (FL320) 

 
g) Cloud top altitude 250hPa (FL340) 

 
h) Cloud top altitude 225hPa (FL360) 
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i) Cloud top altitude 200hPa (FL390) 

 
j) Cloud top altitude 175hPa (FL410) 

Figure 5: Normalized histograms for severity and cloud top altitude related targets for AROME MetEngine 
Model. 

 

aŜǘ9ƴƎƛƴŜ ʴ{w9t{ 

hǳǊ ŎƻƳǇƭŜǘŜ Řŀǘŀ ǎŜǘ ŎƻƴǎƛǎǘŜŘ ƻŦ ʴ{w9t{ ŦƻǊŜŎŀǎǘ ŦǊƻƳ WǳƴŜ му-22, July 23-27, and August 23-27, 
2019. For each day, the forecast released at time 00:00 was utilized, and a time horizon up to 36 hours 
was considered. Correspondingly, the RDT storm observations and lightning detection data from June 
18-23, July 23-28 and August 23-28 were considered. The complete data set was then split into three 
subsets for the purposes of training, validation, and testing. Table 6 provides the breakdown of which 
days were utilized in each subset. 

Training Validation Test 

Jun-18 Jul-26 Aug-23 

Jun-19 Jul-27 Aug-24 

Jun-20 Jul-28 Aug-25 

Jun-21  Aug-26 

Jun-22  Aug-27 

Jun-23  Aug-28 

Jul-23   

Jul-24   

Jul-25   

Table 12Υ 5ŀǘŜǎ ǳǎŜŘ ŦƻǊ ǘǊŀƛƴƛƴƎΣ ǾŀƭƛŘŀǘƛƻƴΣ ŀƴŘ ǘŜǎǘƛƴƎ ƛƴ ʴ{w9t{ ƳƻŘŜƭΦ !ƭƭ ŘŀǘŜǎ ŀǊŜ ŦǊƻƳ нлмфΦ 

Like in AROME model, the ROC and the normalized histograms are presented. Where better results 
are observed in general in all binary targets. Also, more homogeneous results because all curves are 
located close to the top left and then all AUC values are closer to 1 in all binary targets then in AROME 
model, see Figure 6. 

In Figure 7 and Figure 8the normalized histograms are presented, and all binary targets have less 
overlap between the target and non-target distributions than in the AROME model. 
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Figure 6: wh/ ŎǳǊǾŜ aŜǘ9ƴƎƛƴŜ ʴ{w9t{ ƳƻŘŜƭ ŦƻǊ мн ōƛƴŀǊȅ ǘŀǊƎŜǘǎ 

 

 
a) Lightning 

 
b) Overshoot 

Figure 7Υ bƻǊƳŀƭƛȊŜŘ ƘƛǎǘƻƎǊŀƳǎ ŦƻǊ ƭƛƎƘǘƴƛƴƎ ŀƴŘ ƻǾŜǊǎƘƻƻǘ ǘŀǊƎŜǘǎ ŦƻǊ ʴ{w9t{ aŜǘ9ƴƎƛƴŜ aƻŘŜƭΦ 

 

 
a) All Storms 

 
b) Low Severity 

 
c) Moderate Severity 

 
d) High Severity 
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e) Very High Severity 

 
f) Cloud top altitude 275hPa (FL320) 

 
g) Cloud top altitude 250hPa (FL340) 

 
h) Cloud top altitude 225hPa (FL360) 

 
i) Cloud top altitude 200hPa (FL390). 

 
j) Cloud top altitude 175hPa (FL410) 

Figure 8Υ bƻǊƳŀƭƛȊŜŘ ƘƛǎǘƻƎǊŀƳǎ ŦƻǊ ǎŜǾŜǊƛǘȅ ŀƴŘ ŎƭƻǳŘ ǘƻǇ ŀƭǘƛǘǳŘŜ ǊŜƭŀǘŜŘ ǘŀǊƎŜǘǎ ŦƻǊ ʴ{w9t{ aŜǘ9ƴƎƛƴŜ 
Model. 

MetEngine ECMWF 

For this study an integrated data set of EPS forecast and RDT observations covering the month of June 
2018 is used. From the 30 days in June, 16 days are selected for training, 7 days for validation and 7 
for testing, exact dates used for each data subset can be seen in Table 13.  

Training Validation Test 

Jun-01 Jun-03 Jun-04 

Jun-02 Jun-07 Jun-08 

Jun-05 Jun-11 Jun-12 

Jun-06 Jun-15 Jun-16 

Jun-09 Jun-19 Jun-20 

Jun-10 Jun-23 Jun-24 

Jun-13 Jun-27 Jun-28 

Jun-14   
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