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Abstract

This documenprovides 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:

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

T ACTO2: Activity to assess the performance of a Machine Learning model providing weather
capacity reduction and imbalance predictijo

1 ACTO3: Activity to assess the performance of a Machine Learning model providing mitigation
plans;

I ACTO4: Activity to assess the performance of a Machine Learning model providing AU
Preferred Trajectory alternatives;

1 EXEOlHumanrin-ThelLoop Validation Exercise to assess the ISOBAR Collaborative Framework
and integrated prototype;

1 EXEO2: FaStime Validation Exercise to assess the global operational performance.

The exercise results are based on expert group judgement wilitgtive 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 Al coes:

PN PE

Meteo engine, improving storm forecasting and adapting it to ATM requirements;
Hotspot detection, capable of producing probabilistic hotspot predictions;

Airspace Users preferences, linking weather scenarios-toutng demands;

Hotspot solverdeveloped to minimize overloads in sectors by means of performdngen
mitigations.

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

Page IL5

ACTO1: Activity to assess therformance 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
levek (FL320, FL 340, FL360, etc.)

ACTO2: 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 behavialue to convective weather and capacity reduction
(also due to convective weather).

ACTO3: Activity to assess the performance of a Machine Learning model providing mitigation
plans. Two main research streams have been initiated in order to develop onaryr Ad

based DCB hotspot solvers. The first stream focuses on optimizaiiemed methods,
possibly enhanced with reinforcement learning. The second stream seeks to build a solver
based mainly on reinforcement learning. This validation activity is caedwseparately on

each solver, to reveal the effectiveness of these DCB hotspot mitigation strategies produced
by the Al engine, in comparison with a commonly used DCB hotspot solver.

ACTO4: Activity to assess the performance of a Machine Learning mauetipg 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 higtevhich handle specific condition

of trajectory filing.

EXEO1: Validation Exercise to assess the operational acceptability of ISOBAR Collaborative
Framework. The exercise covers the use case of detection and resolution of a Netspet in pre
tactical phase (E1) and reassessed in the tactical phase@P The ol®gctive is to validate the

human (NMOC/FMP) interactions with Al components to manage convective weather
situations.

EXEOQ2: Fadtime Validation Exercise to assess the performance benefits of the global solution.
Qualitative and quantitative analysis is rao 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 vianteast
Simulation the implementation ohe 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 toareduct or further investigate.

The Met Engine shasvthe predictions provide consistent and accurate information starting with
forecast available at {0. On the operational side, the Meteo Engine raised positive feedback: the
convective risk matrix has demonstrated to be a digestible information to FMRINMing 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 Al is good compared to real
thunderstorms observation and has demonstrated to deiable step forward in the approach to
identify convective problems 36 hrs in anticipation in th& Pretactical field.

The Al method developed for weather capacity reduction prediction showed very positive feedback,
and the ability to correctly predt 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 Al model to predict for Rerouting a mgseferred AU trajectory showed positive results. The
models provide pretty good results in terms of lateral prediction (route prediction), this is key as the
Ff GSNY I GADBS NRdziSa FNBE ONRGAOIE (2 aKz2GalLkRia az2f

The D® hotspot solvers, either based on optimization (Hybeuristicsg¢ HH) or on machine learning
(Multi-Agent Reinforcement LearningMARL), compute DCB measures (delay at departure and/or
alternative route selection per flight) that are able to mitigatersoor all hotspots in the region and
time horizon of interest.Compared with CASA algorithm, solvers modify78% fewer flights, and
prescribe 4Q75% less total delay.

Positive feedback from FMP and NM demonstrates the acceptability on operationallsaifrst 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 famdD0

with clear assignment of roles, tesand responsibilities is validated.

It has been demonstrated a very good stability froml @b DO (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 tomicipate ATFCM actions atD

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 Alhtgical elements demonstrate clear improvements of situational
awareness, decisieamaking 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 automatedi@ad. Thus, combining in an optimized
way demand measures and Dynamic Airspace Configuration should provide sigreficant
performance improvement.

- Enriched Solvers (additional trajectory adjustment technics) : trajectory adjustment technics
like lateral offset, It NI} Af X X& {K2dZ R 06S SELX 2NBR & Al
performance.
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- Solver strategyteD-1 and DO : 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 arealeare t
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 maga critical cros®order issues. He must explore new ways to monitor
the network using a flovlbases approach.

the European Union
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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
exercisesdefined in [27] and how they have been conducted; and provides a set of relevant
conclusions and recommendations.

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

1 ACTO1: This activityasfocused on the assessment of the probabilistic forecast of convection.
The main objecti@ of this activity is to present a statistical analysis of the performance of the
meteo engine model.

I ACTO2: This activityasfocused on the assessments of the hotspot determination considering
capacity reduction and demand behaviour due to convectionthera

I ACTO3: This activihasfocused on the assessments of the performance of a Machine Learning
DCB solver model providing mitigation plans.

1 ACTO4: This activityasfocused on the assessment of the performance of a Machine Learning
model providing AU Preferred Trajectory alternatives.

1 EXEO1: The objective is to validate the Human (NMOC/FMP) interactions with Al components
to manage convective weather situations:

- Howto 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?

1 EXEO2: This exercisasfocused on the assement 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 sb the related KPIs in which we expect to have benefits
(Capacity, Flexibility and Operational Efficiency). The simulation will address thectical
D-1 time horizon using the ISOBAR solution to produce a collaborative NOP and simulate via
Fast Time S8iulation (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 hisorical 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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1 ISOBAR project partners, to ensure the consistency of the results and the collaboratio
between the concept elements.

T {9{!w Haun LINR2SOG twnd a! RGFryOSR 5/ .¢& F2NJ iF

Management and Monitoring.

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

EUROCONTROL Network Manager as candidagegtmitation of the ISOBAR solution.

The Cros8order Weather Operation Initiative led by EUROCONTROL.

AU, ANSP and MET representatives.

= =4 -4 =

2.3 Background

The concept definition is built on:

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

- CrossBorder Weather Operation Initiative: This project aims to manage better adverse
weather across the network with the cooperation of @K S y St g2 NJ] Qa 1Se& LI I &

Solution 49 and Crod€3order weather operations provides interesting features for the weather
problem detection & resolution. In particular, Solution 49 provides:

- Gate management/crosisorder flow monitoring;
- Netspot/delineatio 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 atribéwork 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.

CrossBorder weatker 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 rase and will adapt the Cro®order procedure and process but will provide Al
components to digitalize the process, detection and resolution of weather problems.-Boodsr
requirements for meteo forecast will be «esed fully.

ISOBAR will rase and wl 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 solutings@be closed,
the development continuation is now performedfouse 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:

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

1 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 tenthshe
acronyms and terminologies that are used through the present document.

1 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 validdtjecisves
and assumptions, and the deviations with respect to the VALP.

1 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 thaelie.res

1 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.

1 Chapter 6: References. It contains ak tapplicable and reference documents referred to in
this document.

I Annexes. This section provides the detailed report of each activity and exercise of ISOBAR and
also the results of the Baseline Characterization f{aij.

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 taaffic volume with available SESAR W2 Solution 3€&
capacity highlighted to explicitly absorb more traffic,
particular flight candidates for reouting.

Netspot The identification of linked hotspots at network lev SESAR W2 Solution 4¢€
rises the appearance of Betspot. The geographic:
delineation of a Netspot is represented by a group
Traffic Volumes and/or Flows.

Gate A Gate is a vertical surface made of an ad SESAR W2 Solution 4€
geographical line, perpendicular to the flow to
captured, and aange of levels. Foridepth analysis, the
network Gate can be divided into smaller surfaces
analyse sufflows.

Playbook Catalogue of weather scenarios defined and agreec CrossBorder Weather
NM, ANSPs and AUs at the strategical level Operations
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Term Definition Source of the definition
Protection The Protection Hotspot represents non overload SESAR W2 Solution 38
Hotspot traffic volume but protected: new/unplanned fligt

needs formal acceptance from FMP
System ¢ KS GSN¥Y darequitefents refary to khé

NM/FMP platform with integrated new function

provided with ISOBAR solution. It refers to an advan

ATFCM HMI upgraded with ISOBAR Al components
Weather A weather scenario is composed of: CrossBorder Weather
Scenario Operations & enrichec

- Static part: theprinciples and rules to apply DC
measures

- Dynamic part: the set of measures provided
the Al Hotspot Solver

by ISOBAR

Tablel: Glossary of terms

2.6 Acronyms and Terminology

The following &ble defines the acronyms that appear in the presgomtument.

Acronym  Definition

AlC Aircraft

ACC Area Control Centre

ACT Activity

ADEP Airport of Departure

ADES Airport of Destination

AHEC Actual Hourly Entry Count

Al 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 TakeOff Time

AU Airspace User

CASA Computer Assisted Slot Allocation (algorithm used by the Nety
Manager to respond to networgonstraints)

Cb Cumulonimbus

CHG Change

CNN Convoluted Neural Network
CRM Change Restricted Manual
CTA Calculated Time of Arrival

CTOT Calculated Tak®ff Time

DAC Dynamic Airspace Configuration
DCB Demand Capacity Balancing
DLA Delayted

EC Entry Count

ECR Entry Compliance Ratio

ECTL EUROCONTROL

eNM EUROCONTROL Network Manager
ELDT Estimated Landing Time

EOBT Estimated OfBlock Time

EPS Ensemble Prediction Systems
ER Experimental Research

ETA Estimated Time of Arrival

ETO Estimated Time Over

ETOT Estimated Tak®©ff 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 Humanin-the-loop

HMI Human Machine Interface

HP Human Performance

ICAO International Civil Aviation Organization
IFR Instrumental Flight Rules

INAP IntegratedNetwork 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 ShorTerm Memory
MIT Miles-In-Trail

ML Machine Learning

MTOW Maximum TakeOff Weight
MV Monitoring Value

Nb Number

NLP NauratLanguageéProcessing
NM Network Manager

NMF Network Management Functions

NMOC Network Manager Operations Centre

NOP Network Operations Plan
NWP Numerical Weather Prediction
oC Occupancy Count

OoCC Occupancy
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Acronym  Definition

Ol Operational Improvement

OSED Operational Service and Environment Definition
OTMV Occupancy Traffic Monitoring Values
OVvD OverLoad

PAR PerformanceAssessment Report

PI Performance Indicator

PR PrecisionRecall

RAD Route Availability Document

RAMS Reorganized ATC Mathematical Simulator
RBT Reference Business Trajectory

RDT Rapid Development Thunderstorm

REF Reference

RHEC RegulatedHourly 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 Eurofearmmission)
SOL Solution

SPR Safety and Performance Requirements
TRV 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

Table2 :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 wiatasts 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 imbalansédetween 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 processteziigmo 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 taeldnessed
ATFCM operations, whereasblue are the activities addressed in ISOBAR.

Post-
analysis

ATFCM
effectiveness

y Operational
Convective Charac Feedback
Data Cells and
Integration Storm
prediction

Probabilistic
weather
forecast

Tactical
ATFCM
Operations

Declared oo Mitigation Strategy
Prescription

capacity

Figurel: 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 ISO&8ARion 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 develogseur Al componentsin support of the ATFCM process aiming to manage critical
weather operations at préactical and tactical levetZ4h up to the execution, with a focus on later
tactical phases).
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ATFCM Post-
effectiveness analysis

Hotspols
detection

Demand and Capacity Operational
Probabilistic Convective Characterisation Feedback
Data Cells and
Integration Storm
prediction

weather
forecast

Tactical
ATFCM
Operations

ATC
Operations

Declared ISC;BAR

Mmgahoq SFrategy Mitigation
e CORE Prescription strategies

ISOBAR

solufion
protoype

Figure2: ISOBAR models developments

The Al components that underpin the ISOBAR collaborative ATFCM processes, focusing oR weather
related DCB imbalances, are:

1. Al Meteo Engineimproving storm forecasting with including probability andréasing the
update frequency and the spatial resolution.

2. Al Hotspot Detectiondeveloping a library capable of taking the weather demand and capacity
forecast outputs and producing probabilistic hotspot predictions.
This model builds on the outputs ofcapacity 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. Al AU Preferencegorresponding to the chacterisation of AUs actions in response to adverse
weather results in a catalogue of weather scenarios (Playbook) and reactions, linking weather
scenarios to rgouting demands.

4. Al Hotspot Solverdeveloped to minimize overloads in sectors. The objedsiiest to identify
flights involved in Hotspots and to act on them for minimizing the associated overload. From
selected weather scenarios in the Playbook, the Al Hotspot Solver may propose a combination
of several actions like route change, taking iatmount 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 Al AU Preference) and will also be able
to learn from the eféctiveness of ATFCM measures, based dlight 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 aadtthities and exercises that
have been taken place to validate the concept described in the OSED.

The exercises and activities were validated in a ebosder geographical environments:

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

The four activities ACT01, ACT02, ACT03 and Agef@glanned to validate the different Al modules.
The exercise EXEOanrin a shadownode environment with traffic corresponding to theday of
operations:

T 27" July 2019, 27 to 28" August 2019 withmainly Marseille/Reims ACC TVs and
Barcelona/Madrid ACC TVs.

The validatiorhasfocusdon the ERRoute Medium and High Complexity soperating environments
and only ANSPs are considered in this exercise. The key ACCs chosen for the exercise are:

T Reims, Mrseille ACC for DSNA.
1 Madrid, Barcelona ACC for ENAIRE.

The EXEORas beerexecuted in a Fast Time Simulation (using RAMS Plus), on the same days as for
EXEO1 but extending the studied airspaces to the following ACC:

9 July 2%, 2019. Marseille(LFMMACC), Karlsruhe (EDUUUAC), Vienna (LOVVACC), Zagreb
(LDZOACC), Barcelona (LECBACC),

1 August 21", 2019. Barcelona (LECBACC).

1 August 28, 2019. Marseille (LFMMACC), Bremen (EDWWACC), Maastricht (EDYYUAC).

The aim of EXE@Zasto complement theEXEOL by replicating the ATCFM process freimdDO0 and
evaluate the effectiveness of the concept.

3.2.2 Summary of Validation Objectives and success criteria

Objective Explanation

Objective #1: Characterisation ¢ Precise characterisatioof convective weather cells from-24
Convective Weather. to HO, based on risk matrix. {extent of the convective evs
probability of occurrence}

U Success criterion: Provision of metsdated ML
libraries capable of computing probabilistic forecasts
convective weather aapted to ATFCM spatic
granularity.
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Explanation

Objective #2: Characterisation
Demand and Capacit
Imbalances due to convectiv
weather.

Precise characterisation of demand and capacity imbalances
to convective weather cells from pitactical level to tactica
levels depending on the input gbrobabilistic forecasts o
weather celldy using applied Al methods aAdM and weather
data irtegration

U Success criteria: Provision of Machine Learning (
libraries capable of predicting probabilistic capac
decay values and provision of probabilistic deme
variability associated to probabilistic forecasts
weather cells.

Objective #3: Rrduce a most
preferred AU trajectory.

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

U Success criterion: Provision of ML libraries capabl
prescribing AU Preferretajectory alternative.

Objective #4: Produce Airspa
Userdriven mitigation Plan.

Development of an automated engine that produces mitigat
plans for solving convective weatherlated demand anc
capacity imbalances, considering AUs priorities
effectiveness of ATFCM measures, based ditight feedback
and the postanalysis of the executed operations.

U Success criterion: Provision of ML libraries capabl
prescribing adaptive ATFCM actions considering
preferences, considering that expected arattual
impacts in terms of demand and capacity shall
measured via online simulations and pastalysis
respectively.

Objective #5: Reinforce th
Collaborative Process amor
actors.

To enhance the collaborative ATFCM process to reach a con
agreemeth on detection and resolution of convective situatior

U Success criterion: Initial validation of a collaborat
framework for ATFCM considering the introduction
convective weather information and automated suppc
to capacity decay and demand mitigatimeasures.

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

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

U Success criterion: Provision of convective weat
information integrated in the DCB tools.

Objective #7: Shift the decisiot
making from tactical to pre
tactical to provide a bette
anticipation management.

To enhance ATFCM process at-{@etical and tactical levels |
24h up to execution) into the locaélaffic manager (local) an
network management (network) roles.

U Success criteria: ldentify the Netspot and associe
solution (weather solution) in a more anticipated way
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Explanation

Objective #8: Characterise tr

Precise characterisation of demand and capacity imbalances

crossborder DCB impact @ to convective weather.

ccr)]n\r/]et;;c]wc; weather U Success criteria: ability to analyse the predicted

phenomena. capacity reduction and to adjust the capacity threshu
(MV, OTMV).

Objective #9: Identify = Selection of predefined weather scenario.

plzl;(ladeglnelg weather  scenari U Success criteria: ability to identify predefined weatt

(Playbook). scenario from the Playbook.

Objective  #10: Enrich thi Proposition of weather scenarios to resolve a Netspot.

decisionmaking using an aid
tool HotspotSolver.

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

Objective #11: Assess potent
benefits in Capacity/Resilienc
of the ISOBAR engir
implemertation.

Precise characterisation of Demand and Capacity Imbala
and accurate learningased DCB Solution.

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

Objective #12: Assess potent
benefits in Operationa
Efficiency of the ISOBAR engi
implementation, focusing or
Punctuality and Predictability.

Precise characterisation of Demand and Capacity Imbalai
accurate learnindgpased DCB Solution and assesstrof ISOBAF
B2B service prototype.

U Success criteria: automated support to Netwc
Management, maximisation of the effectiveness
mitigation solutions and digitalisation of NN
(Punctuality)

To enhance the accuracy of variability, demand, aleday
predictions.

U Success criteria: ability to predict more precis
guantitative variations in convective weather situatior
(Predictability)

Objective #13: Assess potent
benefits in Environment of the
ISOBAR solutio
implementation

Evaluation othe environmental impact of the solution.

U Success criteria: Capability to maintain environmer
aspects, such as fuel burn and C02 emissions, v
applying the ISOBAR Solution.

Objective #14: Assess potent
benefits in Safety of the ISOB/
solution implementation.

Evaluation of the safety impact of the solution.

U Success criteria: Capability to maintain safety, in tel
of number of conflicts, when applying the ISOB
Solution.

Table3: 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

ISOBAR.
o) I =
2 o g = = < © 8 &L ) =
= g @ g’ = 3 o g' = ] c c @
s F S5 = £ g = 2 3 & &g
i ~ 2 2 7] > < O > O £ 9
= < o = [ & - <
Free route is Reference and
Traffic out of the Solution scenario: En ISOBAR .
01 | FreeRoute Characteristics: scope of the on structured Route Al OSED NIA ISOBAR  Medium
exercise. route network
Dynamic
airspace
Airspace Airspace structures are | Not in the scope | En '
02 } . assumed not | of the ISOBAR Route, | All N/A N/A ISOBAR Medium
Configuration | layout .
to be project TMA
implemented
in this exercise
Demand
Demand prediction data
forecastat B1 | at D1 not
Demand Traffic is the M1 available with En
03 forecast Characteristics demand enough accuracy: Route, @ All N/A N/A ISOBAR Low
model of DO expected. Notin | TMA
from DDR2 the scope of the
data source. ISOBAR project
to produce it.

Table4 : 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 Aypendixes

Identifier ACTO1
Title Meteo Engine Al
Description This activity will focus on assessing thecatied ISOBAR metemgine,

an Albased probabilistic forecast of convection. This task is b
developed under WP2 activities.

Probability of convection.
uCl
ML model analysis (ROC, Confusion Matrix)

Expected Achievements

Use Cases

Validation Technique

KPA/TA Addressed <Operational Efficiency: Predictability> <Safety>
Start Date 01/07/2021
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Identifier ACTO1

End Date 30/07/2021

Validation Coordinator UC3M

Validation Platform

Models will beevaluated using python programming language

Validation Location

UC3M, Leganés, Madrid (Spain)

Activity/Exercise
Dependencies

Identifier ACTO02
Title Hotspot detection Al
Description This activity will be focused on the assessments of Hoespot

determination considering capacity reduction and demand behav
due to convection weather.

Expected Achievements

Capacity reduction due to convective weather and hotspot location

Use Cases

UCl1

Validation Technique

ML train/test split

KPA/TAAddressed <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 ACTO1

Dependencies

Identifier ACTO3

Title Hotspot mitigation Al

Description Activity to assess the performance of an Artificial Intellige

(Reinforcement Learning and Optimization) model providnitgation
plans.

Expected Achievements

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

Use Cases

UCl1
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Identifier ACTO3

Validation Teclmique Simulation

KPA/TA Addressed <Capacity>

Start Date 01/10/2021

End Date 31/10/2021

Validation Coordinator = ENAC and CU

Validation Platform CU: Irhouse DCB simulator / ENAC: simulator / EUROCONTROL:

Validation Location

ENAC, Toulouse, France; Cranfield University,
Kingdom

Cranfield, Un

Activity/Exercise
Dependencies

ACTO1, ACTO2CRO4

Identifier ACTO4
Title AU Preference Al
Description Characterize the AU preference effectiveness in the predictior

trajectories (lateral path + vertical profile) prediction (preferred a
alternatives).

Expected Achievements

The predicted trajectories are expected to reflect AU prefere
attached to the provided trajectories.

Use Cases

For a given slof(intended departure time + operated ciyair),
prediction of preferred trajectories, for different AU, expressed throt
(A/C Type, A/IC Operator) couple.

Validation Technique

Definition of criteria to observe that the proposed trajectories refle
the AUpreference:

- Comparison & assessment of the differences for vari
couples (A/C Type, A/IC Operator) predictions onto the si
operated citypair.

- Characterization of predicted trajectories for some of our
partner (SWISS) operated route. SubmissionSWISS fo
effectively assessment of their preference capture into !
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 ACTO04

Activity/Exercise ACT 03
Dependencies

Identifier EXEO1
Title ISOBAR Operational Assessment
Description The objective is to validate the Human (NMOC/FMP) interactions

Alcomponents to manage convective weather situations.

- How to manage new information dealing wi
convective weather prediction, weather capac
reduction and automated resolution of weathe
problems.

- How to manage the new collaborative proce
involving NMOC and FMP.

Expected Achievements The operational operating method mixing human decision anc
machine learning component is expected to have a posi
impact/benefit on Capacity, resilience, predictability, safety,
efficiency, human pgormance and fuel efficiency.

Use Cases UC1 (OSED)

Validation Technique Humanin-the-loop simulation

KPA/TA Addressed <Operational Efficiency: Predictability> <Capacity> <Safety> <H
Performance> <Interoperability> <Environment><ckfficiency>

Start Date 08/03/2022

End Date 15/03/2022

Validation Coordinator A EUROCONTROL

Validation Platform INNOVE/PLANTA

Validation Location EUROCONTROL, Bretigny, France

Activity/Exercise ACTO1, ACT02, ACT03 and ACT04

Dependencies

Identifier EXEO2

Title ISOBAR solution Operational Effectiveness Evaluation with Fast
Simulation

Description This exercise will be focused on the assessment of the operat
benefits of the ISOBAR solution implementation to the ATFCM pro
integrating probabilistic weather forecast information. Qualitative €
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EXEO2

guantitative analysis will be done to study tbperational performance
improvement and also the related KPIs in which we expect to |
benefits (mainly Capacity and Operational Efficiency). We wil
simulating both preactical D1 and tactical DO time horizons using t!
ISOBAR solution to producecallaborative NOP and simulate via F
(RAMS Plus) the implementation of the proposed mitigation meas
from the playbook. A set of days from summer 2019 will be selecte
be simulated, with relevant convective weather phenomena. -
reference scenaoi will be based on the historical data (using regula
demand to capture the real mitigation measures implemented) and
solution scenarios with the execution of the ISOBAR solution
simulation of the impacted traffic through RAMS Plus. This exeii
highly dependent of all other Activities (ACTO01, 02, 03 and 04) sir
uses the outputs from them, thus the same dataset will be used.

Expected Achievements

The final selected mitigation measures from the Playbook
published in the NOP is expedt& have a positive impact/benefit o
Capacity/Resilience and Operational Efficiency (Predictability
Punctuality).

Use Cases

UC1 (from OSED)

Validation Technique

Fast Time Simulation

KPA/TA Addressed <Capacity> <Operational Efficiency: Predidiigbi <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

ACTO1, ACTO02, ACEORI ACTO4

3.3 Deviations

Table5: Validation exercisslist

3.3.1 Deviations with respect to the Validation Plan

ACTO1

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 scenarieshis way the model results provided a fair assessment of the model

performance.
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ACTO2

One deviation from the validation plan for ACT®ih 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 hotspotdhe reason for that change is that sector capac
values were unavailable for the project. But, an Al model using weather and traffic trained via historical
regulation data would provide the required hotspot location without knowing ATC sector capacity.

ACTO3

It was planned to use ISBASAnodule from NEST to provide a baseline solution for each DCB hotspot
problem instance. However, two main difficulties were found in usingd88A: (1) it uses internal
capacity values for traffic volumes (TVs) and sectors from DDR2, which cannot beddpjaihe
predicted capacity by the Ahodule 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 CA8lgorithms.

In ISOBAR, the gate concept was intended to measure flows, to identify hotspots, and to mitigate them.
A hotspotgate requires defining and quantifying a capacity per gate, which was out of the scope of
ISOBAR. Alternatively, gates could hbgen useful to identify flights involved in many hotspots, in
order to modify them to hopefully solve efficiently the DCB hotspot problem. Finally, in ACTO03, lacking
data on gates, the gate concept was not supported. However, it can be explored in asiutdye

It was planned that relevant AU preference scores would be provided with alternative trajectories for
each flight. However, the Ahodule to be developed within WP3 to predict alternative trajectories
was not ready by the time ACTO03 was run, andvits 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) alternativdrajectories. 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 théauof 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 mitigatirgl the hotspots.

ACTO4

Due to inconstancy in the vertical paths of the predicted trajectories, the validation focuses on the
lateral path (route) of the predictionsSee Appendix Dsection D.3.6 Recommendationdor a
recommendation on how to mitigate this in future research.

¢CKS AYyGSaNIGA2Yy 2F (GKS @GSNIAOFET LI GK R2SayQi 3IA
the assessment of the performance of the ML model to provide AUeResl 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 pecessed: 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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EXEO1
We have identified a number of deviations from the planned activities:

- Not possible to accurately assess the benefits of anticipating ATFMLtdu®2 to unrealistic
Traffic Demand on

On D1, the flight plans are not yet available because flighhs are populated in the latest stage
on DO. In such £ timeframe, NM operational system calculates the predicted demand based
onhistorical data. EL data have only recently been archived by NM but are not available for the
concerned 2019 period. ForithreasonEXEO1 has bedarced to use DO flight plan data in the D

1 timeframe which is unrealistic.

One objective of the ISOBAR project is to validate if startingh\iffeMprocess in anticipation on
D-1 is efficient in term of planification stabilityhis is based on sevemiablers

- To have reliable traffic prediction onD
- To have areliable convective weather prediction eh D
- To have a reliable capacity reduction prediction e D

In the EXEOQL exercige, the absence of a reliable-Dprediction a better traffic predictiorhas
been used (DO Flight Plan)

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

This point should be reassessed in a future activity with realisticdfaffic prediction uncertainty
to confim the validation results.

- ATFM measures are not implemented o11/D0 (only simulation)

Due to limitations on the PLANTA/INNOVE platform, o the ATFM measures are not
implemented. It prevents the possibility to make a traffic situatiorassessmentio DO taking into
account B1 ATFM measures in the traffic situation.

But it is not really a big problem because the traffic is not evolving frelntdDO0 (same traffic
both on D1/D0), therefore the DO situation will be #@&ssessed based on the metapdate. In
such a case, the ATFM solutions planned elhdhd DO can be compared in order to assess the
difference and the stability of the-D plan.

U Impact of the deviationThis is a challenging subject with unclear implications for the
results. The ISGER exercise results would be overly optimistic in the hypothetical case
where airspace users do not react to thelneasures: implementing (i.e., fixing) some of
the D-1 measures would result in a smaller search space-foabd thus a worse objective
function (the delay). In practise, however, airspace users will most likely react to-the D
measures, and the traffic situation at DO may be completely different from thatlatihe
response of the airspace users, such asorgings, cancellations, andianges in ofblock
time, could have a positive or negative impact on the overloads at DO and, as a result, on
the total delay figures. Unfortunately, there isn't a sophisticated adeaged simulator
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that can simulate the decisions flight dispatchers makeen confronted with ATFM
measures, which would be necessary for evaluating these implications.

- Rerouting has not been developedtire testedSolver

wSIFfAEAGAO NBNRdziAy3I OFLIoAfAGE Ada OSNB O2YLX S
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 hybrid version of both.

U Impact of the deviation: Thi results inunderestimate the performanceBecause
geographical trajectory adjustment will offer much maressibility to balance theraffic
on the underloaded zones and then decrease the overall delay.

- France&pain areas are only considered

The PLANTAXNOVE/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
geogaphical 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@&dd, we considered all

flights entering the ACCs from noon to midnight. The AM and PM periods cannot be addressed
separately in realife because some flights entering ACCs during the AM period could be delayed
and pushed into the PM period. In the expments, the two problems were solved independently.

i Impact of the deviationWhen compared to the networwide solution for the entire day,
the delay figures obtained by solving the problem taking into account only the Spanish and
French ACCs and spligy 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 (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 netwewfide implications. On the other hand, resolving
the problem forthe 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 delayslthat cou
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 betwte various
solutions (hybrid, cherrpicking, 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 frameworkat developed to ease interactions

Due to limited effort to develop the prototype,
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1. Asimple chat has been develegto allow the communication between the FMP/NM
instead to have a more powerful interactive tool.
2. Simple and realistic enough HMI have beewneloped to support the interaction with the
'L O2YLRYySyita o!L YSGS2 Sy3aaySs 'L OFLIOAGE

U Impact of the deviation: this will make collaboration between actors more diffiodt
potentially impact the cognitive process of endeis. In EXEQL, it did not affect the
operational process.

- Limited number of convective days

In 2019, only 4 days have been selected-ZZ6July, 27 Aug) offering interesting critical
convective situation in France/Spain. These limited numbescehario days prevents to collect
more data for more relevant validation analysis.

U Impact of the deviationthis will make the assessment limited. In EXEO1, the operational
feedbackindicated that the days selected were representative of convective sitnst

EXEO02

The general deviation that impacted the EXEO2 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 Al malés) to execute the simulation. But the definition

and implementation of rules to the Al Solver took more time than expected, so the final dataset was
only provided by end of March. Thus, the EXEO02 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 postprocessing of the outputs, also the time is reduced for the analysis of the results and
evaluation of the metricsSincesome results could not be pperly processed/refined and analyséd,

affects the quality and reliability of the results.

wS3IFNRAY3I (GKS YSGNROAQ RSTFAYAIGA2YS az2YS OKlFy3Sa
the algorithm, other metrics have finally been eliminated andestbnes 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 le the emergence of two new validation objectives: one corresponding to the
Environment (#Objectivel3) and one corresponding to Safety (#Objectivel4), that at each time also
derives to new Research Questions (RQ21 and RQ22) and Hypothesis (H27 aninalBg)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 weattetraffic 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 Al Solver, delays up to 7 hours to a flight would appear. Instead of over
penalizing the flights due to s@mnrealistic supeoverloaded secteperiods, 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 Al Solver. The reason behind is that by experience the operatigratsebelieve

that these supeoverloads will not happen in the real situation and prefer to filter them within the Al
Solver and wait until DO to see what happens and if the overloads really appeared, then they can be
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absorbed by the controllers in tactl 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 overvi@fithe validation results and status of achievement of each
validation objective. The objectives are further discussed in detail in seaidrido 4.2.14
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I L L Validation
\éi{gi::gg Va“d[;ifcr:iot%icwe Success Criteria Validation Results Objective
J P Status
. PreC|se. characterisation ¢ I?rowgon of meteaelated M_L validation results show that an Al model can bet
Obj #1.: convective weather cell¢ libraries capable of computin redict convective events. Weather forecast and st
Characterisation = from H24 to HO, based or probabilistic  forecasts o gbservation data are ke‘ for developing an artifi
of Convective risk matrix {extent of the convective weather adapte intelligence based mogel ca ablep o? redicti
Weather. convective event, probability to ATFCM  spatial an get b P
. convective events from436 to HO
of occurrence}. temporal granularitis.
Precise characterisation c
e Qemand and  capacit Provision of Machine Learnin
Obj#2: imbalances due tc . .
L . (ML) libraries capable o
Characterisation = convective weather cell . I S . ;
of Demand and  from pretactical level to predicting probabilistic Validation results provide example of how machi
Capacit tactical levels depending o capacity decay values arn learning can be used to predict imbalances. Furt
pactty P 9 provision of probabilistic work is necessary to better formulate the learning t

Imbalances due
to convective
weather.

the input of probabilistic
forecasts of weather cellsy
using applied Al method
and ATM and weather date
integration

demand variability associate
to probabilistic forecasts o
weather cells.

problem and correctly label historical data.

Obj #3: Produce a
most preferred
AU trajectory.

Development of an
automated engine that
produces AU preferrec
trajectory alternative taking
into account route

constraints.

Provision of ML librarie
capable of prescribing A
Preferred trajectory
alternative.

The following positive results have been reached:

9 Even if more variability is observed on the verti
profiles, the models provide pretty good results
terms of lateral prediction (route prediction), th
is key as the alternative routes ercritical to
GK2GaLRaa azft gSNE A
options.

I Obviously, the models provide better predicti
on historical more populated triplets (ACT, A
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Validation Results Objective
Status

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

Obj #4: Produce
Airspace User
driven mitigation
Plan.

Development of an
automated engine that
produces mitigation plans
for  solving  convective
weatherrelated  demand
and capacity imbalances
considering AUs prioritie
and effectiveness of ATFCI
measures, based on-light
feedback and the post
analysis of the execute
operations.

Provision of ML librarie
capable of prescribing
adaptive  ATFCM  action

considering AU preferences.

Compared with CASA algorithm, HH and Mad&ters
modify 5670% fewer flights, and prescribed@®% les
total delay. Also, HH solver reduces average delay
flight by up to 27% compared with CASA. HH so
shows a fairer distribution of average delay per AU t
CASA, which fosters more AUstisgfaction. MAR
solver reduces average delay per flight by up to
compared with CASA. However, CASA solver sho
more balanced distribution of average delay per
than MARL, because MARL solver has no constrai
maximum delay.

1 The NM pivotal role to propose a global optimiz

Obj #5:Reinforce To enhance the collaborativ Initial v_alidation of a solution is validated
the Collaborative TFCM process to reach collaborative framework for _ _
Process among | COMmon  agreement or ATFCM  considering  th - The collaborative ~ framework — with  cle
Actore 9 detection and resolution of introduction of convective  assignment of roles, tasks and responsibilitie
' convective situations. weather information. agreed. However, a simplified process has b
proposed and will be reflected in the OSED.
Obj #6: Integrate The standardized risk matrix (severity /probability)
convective . . been proven to provide a digestible a
Integration of convective . . . . .
weather : o Provision ~ of  convective understandable information to FMP/NM, supporting
. L weather information in the . . : .
information in EMP/NM workin weather information good understanding of the convective weath
the FMP/NM environment g integrated in the DCB tools. = situations andimbalance propagation at the netwo
working ' level. The multimodels (GSREPS, AROME, EC

environment.

provide a relevant and precise convective predictio
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Obj #7: Decision
making process
to start from pre-
tactical phase to

To enhance ATFCM proce:
at pretactical and tactical
levels €24h up to execution)
into the local traffic manage!

Identify the Netspot and
associated solution (weathe
solution) in a more anticipatec

1 A wokflow from pretactical D1 to tactical DO
supports a collaborative process to better man
in an anticipated manner the weatheelated
problems and solutions.

1 It has been demonstrated a very good stability

provide a better ~ (local)  and  network way. 1/DO for the convective prediction, for thepacity

anticipation management (network) reduction prediction and for the proposed solv

management. roles. solutions. It paves the way to anticipate ATF
actions on BE1.

Obj #8:

The capacity reduction prediction is very accurate.

Characterise the Precise characterisation ¢ Ab|||t_y to analyse the easy to identify the crosborder events an
crosshorder DCB .. predicted Wx capacity . . .
. demand and capacity . . propagation of imbalances, to understand and to adj
impact of . reduction and to adjust the . . .

. imbalances due tc . the weather capacity reduction and DCB impacts
convective . capacity  threshold (MV L . ! . .

convective weather. addition, the Netspot is the right object to manipula
weather OTMV).
crossborder problems.
phenomena.
Obj #9.' Identify . ) Ability to identify predefined = This objective has not been addressed due to the
predefined Selection of predefined . . . . .
. : weather scenario from the prototype constraint avoiding supporting rerouting
weather scenario | weather scenario. .
Playbook. weather scenario

(Playbook).

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 se
of DCB measures proposed
the Hotspot Solver.

The FMP/NM are able to manage the-tils solvers,
to assess the DUBpact using whatf tool (network
performance assessment) and to compare the
proposed weather scenario alternatives. The-audl
solvers provide efficient solutions (75% delay
reduction) at the network level and reduce the
FMP/NM workload.
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Obj#11: Assess
potential benefits
in Capacity of the
ISOBAR solution
implementation.

Precise characterisation of
Demand and Capacity
Imbalances and accurate
learningbased DCB
Solution.

DCB optimisation thanks to
probabilistic information and
maximisation othe
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
the casesHowever, potential benefits are expected i
this KPA with further refinement of the Al modules

and better quality of the dataset used for simulation

Obj #12: Assess

Precise characterisation of
Demand and Capacity
Imbalances, accurate

Automated support to
Network Management,
maximisaton of the

The punctuality is maintained at similar levels or
slightly worse due to the increment of the flight

Validation
Objective
Status

otential benefits : . . . . : . . i
5] Operational learningbased DCB Solutioi effectiveness of mitigation duration caused by the reoutings applied at planning FEIELLY QLS
Efficiency of the and assessment of ISOBAF solutions and digitalisation of phase and storm avoidarananoeuvres.
ISOBAR solution B2B service prototype. NM.
implementation, b g . dictability tained milar level
focusing on Ability to predict more The predictability is maintained at similar levels or
Punctuality and o .e”*.“."‘”ce the accuracy of precisely quantitative slightly worse due to the increment of the flight .
Yy variability, demand, and S . 5 . . . . Partially OK
Predictability. delav predictions variations in convective duration caused by the reoutings applied at planning
yp ' weather situations. phase and storm avoidance manoeuvres.
Obj #13: Assess - N
. . Capability to maintain . o -
potential benefits . . The fuel burn and emissions are maintained at simil
in Environment Evaluation of the environmental aspects, such levels or sfihtly higher due to the increment of the
environmental impact of the as fuel burn and C02 y g Partially OK

of the ISOBAR
solution
implementation

solution.

emissions, when applying the
ISOBAR Solution.

flight duration caused by the fmutings applied at
planning phase and storm avoidance manoeuvres.
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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 scenari

due to higher demand of certain sectorssolution
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 tpredict 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 malsierable areas in the
network will allow for a better allocation of resources resulting in efficiency gains.

Results:

The developed modules use artificial intelligence to predictlvasked convection information based
on the likelihood and severityfahunderstorms. Model predictions are based on numerical weather
products (NWP)Y/ a2 C -BREPS AROMES 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 predidbtite ¢
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.5 a random classifier. The model is not showing the same performances tinré¢lee

weather product becauséo 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 onediffgeographical regions, and

NWPs do not have the same list of parameters.

The dataset analysed in the ACTO01 shows the predictions provide consistent and accurate information
starting with forecast available at-D The results demonstrated that the mddioes not deteriorate
significantly with respect to the model at@

Refer toAppendix Aor 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 conveeatbe.

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 efficigngains.

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 estimatio 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 preglietitry 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 regations. 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 malel 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 comparethvai simple statistical model, the
machine learning only provided marginal benefit.

Refer toAppendix Bor more information regarding methodology and validati@sults.

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 ciyair, its preferred trajectory, and set of alternatives. These trajectories will
support the demand characterization across the airspace. The alternative trajectories will also be able
G2 FTSSR GKS akK2(alLlRia a2t @SN G2 2FFSNI 2LIA2ya
DCBmeasures 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-rmglglels 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 cipairs (see. ISOBAR D3.1 N#mand prediction mode[29], for a
detailed description of the ML mode implementation)

The following positive results have been reached:

1 Even if more variabilitysiobserved 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
ONRGAOIT G2 aK2GalLkRida az2f OSNE Ay 2NRSNJ 2FFSNJ
I Obviously, the modelprovide better prediction on historical more populated triplets (ACT,
ACO, citypair). But the results are also quite good on low historically populated triplet,
furthermore:
o 'fOSNYyIFGAGSEa Oy 6S LINRPOARSR S@OSy AT y2
0 Tragctories 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.

SeeAppendix Ogives a detailed description of validation activity of ACTO04.

Status:OK

4.2.4 Objective #04 Results

Objective:Produce Airspace Useriven mitigation plan.

Rationale:Current procedures to sodvdemandcapacity overloads rely on regulations that lead to

delaying flights on ground, in a firsbme first served basis, without taking into account any preference

from airspacedz2a SNEQ &ARS® LyGdSaNIdAy3a !'!aQ LINBeFESNByOS
automaticallygenerated mitigation plans.

Results:

DCB solvers developed in ISOBAR take into account AU preference for alternative trajectories. At the
time when ACTO03 was run, the-iibdule 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 (orighalestination, aircraft type, airspace user) directly from the traffic
data of the considered validation day. These alternative ttajges were used as an input to the
solver.

b2 RFEGF gl & F@FAflrofS G2 ljdZdydaAFe ! aQ LINBTFSNByC

In ENAC's DCB solver, for every flight, random preference scores were given to alternative trajectories.
Then, when deciding to reroute a flight, thmost 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 tjdes 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
heuristicsg HH) or on machine learning (MuAgentReinforcement LearningMARL), 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 atdpots range from 4 9 minutes for HH solver, and from
3 ¢ 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 wit CASA algorithm, HH and MARL solvers modig050 fewer flights, and prescribe@0

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 AUAIS#) @hich 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 ofimarn 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 crodsorder criticalproblems 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 feedbacko(pagitive) from FMP/NMILhe

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 D1 and DO with clear assignment of roles, sgind 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 FNNM 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 degiaking process when
assessing the weather situation aptbpagation 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 miee 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 providesigestible and understandable
information to FMP/NM. Different strategies atDand DO 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 cwsidered manageable tanalysedifferent prediction models (AROME,
GSRESP, ECMWEF). However, two improvements were proposed: 1) to d#fipersion metric that
combine the weather forecast of the different providers when we have more tmaforecast, i 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 recommendedo use the risk matrix as a selection tool for more granular or combined
information, to addtop CB and tye of convective extent information.

Status:OK

4.2.7 Objective #07 Results

Objective: Decisioamaking process to start from pitactical phase to provide a better anticipation
management.

Rationale:The improvement of the prediction at-D (36 hrs time horizorghould 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 frorl @b DO (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-dt D

The analysis of the questionnaires shows very positive daekl (100% positive) to consider
implementing solutions as early as possible dt &d to manage residual overload at DO. However, it
is not yet clear what kind of strategy to implement fromlDRegulation? Chenfgicking? Further
investigations should é conducted to propose new working methods, in particular, with massive
CherryPicking solutions.

Status:OK

4.2.8 Objective #08 Results

Objective:Characterise the crogsorder DCB impact of convective weather phenomena.

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

Results:

The analysis of the questionnaires shows very posigigdiiack (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 creissrder overloads and propagation of imbalances. It
suppats very well the identification of the netspot (cluster of hotspots; crbeeder 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 awarenesg] aot only on a dashboard tab.

Status:OK

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

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

Results:

This objective has not been addressed due to the prototype constraint avadjgprtingrerouting
weather scenario.

Status:NOK

4.2.100Dbjective #10 Results

Objective:Enrich the decisiomaking using an aitbol Hotspot 8lver developed by EUR.

Rationale:When introducing a full automated aidol solver, it is necessary to determine if the new
tools have an impact on the 1) operating methods, workload and situational awareness 2) network
LISNF2NXYIFyOS 6RStlFrezs 2@0SNI2FRZ X0

Results:

The analysis of the questionnaires shows very positive feedback (100% positive) to evaluate the quality
and performance of the full automated atdol solvers (optimized CASA, full Chdpigking, Hybrid)

and whatif. The FMP/NM are able to easityanage the aidools solvers and to make comparisons to
assess the result performance using wifaif the different solvers.

The ChernPicking solver has been very well appreciated for the impressive delay performance
(reducing delay by 75%) and the olead 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 rdreuting
capabilities.

CASA Optimized CAS# Hybrid  Hybrid+ Full CherryPicking

Reference (OR) (H) (H+) (CP)
(GR)
% Delay Reduction 0 16% 33% 49% 75%
Diff D-1/DO N/A 19% 15% 11% 30%
(stability)
% flight impacted 45% 41% 39% 33% 19%
% flight delay>30min 0 -18% -49% -58% -78%
Average Delay <30 min : 14 mir <30 min : 6 min
> 30 min : 36 mir >30 min : 54 min

Table7: DCB Solvers Performance
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The delay attribution policy for crogmrder and globasolutions should be redesigned to cope with
the CherryPicking 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 Capanityalances and accurate learnibgsed
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. Thetageen

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 atrgalevel.

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 dudid 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 generaly wiifferences

are observed.

Sincem most of simulated scenarios the share of hour of balanced sectors was maintaitéide share of hour

of overdelivered and underdelivered sectors were worsened slightly in solution scenleioobjective is
considerel as Not OKHowever, potential benefits are expected in this KPA with further refinement of the Al
modules and better quality of the dataset used for simulation.

Status: NOK

4.2.12 Objective #12 Results

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

Rationale:Precise characterisation of Demand and Capacity Imbalances, accurate ldaasatyDCB
Solution and assessment of ISOBAR B2B service protdtigyeover, 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 scenariosThieans 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 scenamtisnsol

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 ynctuality and predictability are maintained at similar levels or slightly worse due
to the increment of the flight duration caused by thenautings applied at planning phase and storm
avoidance manoeuvres.

Note that this OBJ is ndalirectly relatedto OBJ#4the OB#4 focuses on préactical phase, ATFCM
delays caused by regulations. And @IRJfocuses on the tactical phase, @unctuality This
punctuality already includes the regulated arrival time due to regulation attgcgcal phase. This
means hat 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:As®ss potential benefits in Environment of tieROBAR 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 G@missions will be. But the difference is nearly zero. Ttmesfuel burn and
emissions are maintained at similar levelshghtly higher due to the increment of the flight duration
caused by the reoutings 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 ISO8MRion 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 correspondingacay 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 tothe increase of demand in the seciperiods 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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The27th 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,@WiS 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 demaadain
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

ACTO1

General

ACTO1 limitations mainly werelated 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 operationsgtting.

Environment

ACTO1 was carried out on PLANTA. Weather information was distributed via an API.

ACTO2

General

ACTO2 limitation were based on the data available. Correctly labelling data and defining an adequate
target function proved to be a chatige. 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 usedto 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 usigthon.
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ACTO3

General

The validity of the results is limited to the selected days of validation, tHeolirse simulation
environments, and the input data received from the upstreanm@tdule developed within ISOBAR:
capacity prediction module. Also, altetive trajectories for every pair (origitestination, 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% 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 represévaif 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 lowwhich led to an unrealisticaHgritical initial overload situationSuch an
evaluation is due to

9 pessimistic capacity prediction (Bdsed module developed in WP3,
1 unadopted ACCs configuration, given the new capacity prediction,
1 adifference in the main object of interest betweenhinuse simulation environments, focuagi
on sectors, and more realistic environments such as INNOVE, focusing on traffic volumes (TVSs).
Therefore, the results of the experiments mainly represent the performance of the solver in solving
scenarios of extreme congestion in the airspace.

Envirorment

All tests of ACT03 were performed irhiouse simulation environments.
Multi-Agent Reinforcement Learning (MARblver was developed by CU in Python.
Hyperheuristics (HH) solver was developed by ENAC in JAVA.

ACTO4

General

Beyond the facthat 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 tmleate as we observe a greater
degree of variability. These results have been validated on one hand by the measures of appropriated
KPls and on the other hand by the assessment by an AU: SWISS (ISOBAR Partner).

So, we can validate our approach where wensider that the AU preference is handled by the
frequency of use of a trajectory (the more a FP is operated theeihoepresents 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 mockds haveecl on
these data and we face the following limitations:

f The low populated history for some triplets (ACT, ACO;LdityA NOY A& | d&af Sl NYA
efficient when trying to capture AU specificity from low populated history?

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

9 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 asgaent 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 onHouse environments.

EXEO1

General

The validity of resultss 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 prototypeused 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.

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

9 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 ieddicench and spanish ACCs with a special

focus on Reims/Marseille/Barceloifialma/Madrid.

CKS Fylfearaz27a@Qart @SNEGKXRLISNF2NXYIFyYyOS gFa ol as
therefore be stated that the results provide a good indicatidrthe benefits applicable to the rest of

the network.
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EXEO2

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 Plusdidtpat 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 andtmdgth 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 daareiter
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 orderablbeo better validate
the ISOBAR solution

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

Moreover, the representation of the storms as restricted polygons in the RAMS simulator is captured
as snapshots every5 minutes, thus continuous evolution is not considered. Also, the possibility of
permitting the flights to enter less severe weathmylygons 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

ACTO1

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 fremt®DO.

ACTO2

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

ACTO3

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 respectto the maximurR St | @ LISNJ Ff A3IKGX /! Qa a2t OSNJI Kl a y?2
delay, which results in a considerable delay for some flights (for example, more than 10 hours).
.S0ldzaS /! Qa az2f dSNJ Aa RS&AAIYSR o0l aSe&iteratign G KS LJ
mechanism is applied to the reinforcement learning environment. However, based on the
SYGANRYYSyiGs F2NOAYy3I | YIFEAYdzY RStlFe GAYS O2yail
guarantee mitigation of all hotspots or extending the re@gd solution time because of more iterations

needed. Considering that the number of flights with a considerable delay is small and these flights can

0S GF1Sy Fa OFyOStftSR: GKS tFr01 2F (KS O2yaidNI Ay
of application in practice.

ACTO4

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 aaacy 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 resultara the basis of our
recommendations.

EXEO1

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 saltions (Regulations, CherBjicking).

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 impaant to remark that the limitations concern the data used to particularise
the demandcapacity 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 Deniaaid Repository (DDR).
Because these posips data represent the endf-day picture, it is assumed that all flight plans are
known in the system. In regife, however, airspace users can submit their flight plans from 5 days to
3 hours before departurelhis 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 demagdrés 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 forthe solver with actions that would not be present in réd.

In terms of capacity data, the first attempt was to extract capacity values according to thegsost
opening schemes reported in the DDR. Combining initial traffic demand withopssbpeniigy
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 convergthisoeason, 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 aflland at DO, assuming that the demand would

not change during the day (i.e., taking into account a static picture) but only the capacity -lifereal

however, the traffic demand is volatile and mayaolge with time due to various sources of
uncertainty. This means that, in a hypothetical rif@ 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 realtime, dynamic, execution of the solvers must be addressed in future work, as
gStt la I aSyarlAagrade addzRe 2F GKS az2f gSNNRa NBa
demand and/or capacity).

EXEO02

The quality of the results hasot been as good as expected. As already mentioned, some of the Al
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 recka/i@’ traffic

has taken time away from a more-@tepth 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 badititer. 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 referene scenario have been mostly maintained.

4.3.3 Significance of Validation Results

ACTO1
Statistical significance

Results were obtained with a limited data set of weather forecasts and weather observations (15 days).
While the model showed good performance, adulithl 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 coreveatiather 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 geetical phase of ATFM.

ACTO02
Statistical significance

Validation wa conducted using only 3 days of historical data, the model training was limite@ to 1
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 stedilssignificance of results.
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Operational significance

Validation exercise provides a framework for methodology for using Al 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.

ACTO3
Statistical significance

Although only three days of traffic were considered, the trend be 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 ttieveloped 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 trafficflows 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 TVa hn change more frequently for
operational purposes).

ACTO4
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, wesfoo a few number of models:

a randomly select citpairs model, a model focusing onto ejppirs mainly operated by SWISS, and
models based on most operateity-pairs during the three days of EX02 (§2€]).

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 waspassible, at this stage, to
bring out measurable criteria of AU preference.

EXEO1

Statistical significance

In terms of statistical significance, only 8 scenarios yield a relatively small number of samples from
which to draw statistically meaningful conslons. 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 otdgarovide 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 thevarious solvers.

The current solvers fix overloads by issuing temporal ATFM measures (i.e., delays), either by means of
regulations (GR and OR), chepigking measures (CP), or a combination of them (H and H+). Future
work must extend the capabilitied the solvers to other effective ATFM measures, likeotgting and

level capping. These new variants would require new parameters to determine thedffldetween

delay (and associated cost) and environmental impact (due to theoptitnal alternative tajectories
avoiding congested areas by flying longer routes or less efficient altitude profiles).

Operational significance

¢CKS 2LISNIdA2ylf aA3ayAFAOLYyOS 2F @l tARFGAZ2Y NBad
YR WFINBSRQ LRAAGADGS FSSRol O1 KFE@GS o6SSy O LI dzN
validation objectives. 257 answers have been analyséfl,a2e positive, 3 are negative: 99% positive

feedback. The operational benefése demonstrated at the VO maturity phase.

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

9 Ability to understan the weather convective prediction and to identify critical weather areas
9 Ability to understand and to manage the capacity reduction prediction
9 Ability to manage the solution at network level with solvers demonstrating significant delay
improvement (75% i delay reduction with Cher#picking)
EXEO02

Statistical significance

Although the most representative use cases in terms of meteorological information have been selected
(3 days with worst weather pr€OVID 2019), by selecting more days and differeil@siA@ 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 t@haviour 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 amanually, which could have led to small errors.
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5 Summary ofConclusions 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 therhisTsection summarises them to
provide the reader a setfontained text of the main technical validati@onclusions. The validation
conclusions, together with the rest of results of the project, have been further analysed and internally
discussed to extiet more extensive and detailed conclusions and recommendations, which have been
gathered in in the Final Report D§3D]:

5.1 ACTOIMeteo Engine Al

From the validatio exercise results of the Ahsed weather prediction models performed ACTO1

the mainconclusionis that the MetEngine concept is validlhe methodology proves to work at least

on a small data setAdditional historical data (months/years) is requirea provide statistically
significant resultsThe success criteria of being able to provide metelated ML libraries capable of
computing probabilistic forecasts of convective weather adapted to ATFCM spatial and temporal
granularities have been met.

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

Recommendationsnclude the use of larger datasets for training and validation of the MetEngine
models to obtain statistically significant metrics to better quantify the model performaAgmssible
improvement isthe use of more precise observational data such as radar anéaa time
demonstration to better assess the potential benefits to air traffic flow management operation.

5.2 ACTOZXHotspot detection Al

According to the results frorACT02the mainconclusionis that Machine Learning models work well

for capacity decay predion 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 @HKiteature models work

better for predicting spatial data such as weather or traffic flows.

For a better capacity decay predictioneeommendationis the redesign of the problem formulation

to establish clear model inputs and learning objectives. Intamdithe enrichment of the available
dataset will help subject matter experts to correctly label hotspots, capacity decays and overloads due
to weather.

5.3 ACTO03 Hotspot mitigation Al

The mainconclusionthat points out from theresults fromACTO0d3s the correct performance of the
developed DCB solvers (ENAC and CU Sdiwensitigatingall 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 valideon activity also confirms that mutagent reinforcement learning (MARL)
and hyperheuristics (HH) technics can also fit to the DCB hotspot mitigation problem.

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

Recommendationsnclude 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 negligible to regulation in the Solver&nother possiblémprovement

isthe use ofthe gate concept anthe location ofthe convective weather when selecting the flights to

be regulated

5.4 ACT04 AU Preferences Al

The AU Prefereze Al module validated iACTO4oncludethat predictions can be obtained not only

for triplets historically filed, but also potentially new one®nsidering that the model will provide
better prediction on historical more populated triplets. On the otlend, although AU preference
criteria were not available, the choice to assess route preference with a statistically approach came
out as suitable.

Somerecommendationdor 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, discussiibhsdifferent
Airspace Users are necessary to bring out a minimal consensus on their preference criteria.

5.5 EXEO1 ISOBAR Operational Assessmavith Real Time
Simulation

One of the mairconclusionsof the EXEOQ1 is thahé evaluated coordinated process aiving local
FMPs and the pivotal role of NNhasled to a more stable plakeaving the management aésidual
problemsfor D-0. Another important point ishat when designing future CHMI the quantity and level
of detail of the information presentetlas bea carefully plannedinformation has to be enough and
not too much, to avoid overloading the operator.

In addition, the quality otonvective weatheprediction,the assessment of the capacity reduction
prediction, the assessment of the different solvers, the overload resolution and the assessment of the
human performancéave resultedsuccessful

Recommendatiosinclude starting the decisiemaking process in the pitactical phase to provide a
better anticipation, theintegration of convective weather information in the FMP/NM working
environment, thecharacterisation o€rossborder DCB impact of convective weather phenomena and
the enrichment of thedecisionmakingprocessy using an aitiool Hotspot Solve

5.6 EXEO2 ISOBAR Performance Evaluation with Fast Time
Simulation

Regarding the performance evaluation carried oUE XEO2Zhe mainconclusionsare the reduction of
the reduce ATFCM delays at gictical phase anthe 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 Al modules in context of an FTS.
The concept is promising and shepotential, but norHIL results are draggesthe supporting tools

are notat the same level of maturityBesides, 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 implemantkd FTS tool

(they have been fed directly from the DCB solver module without any operational HIL involvement)
and to the intrinsic functioning of fagime simulators (tactical ATC is hard to mimic in all its complexity
and level of performance).

Forbetter performance evaluatiormecommendationsinclude testinga bigger number of use cases
further maturingall Al modulesand specially the DCB solvealsgt compose the ISOBAR Solutand
using FTS toola combination with operational expertise wilequences of concatenated simulations
and human appraisal for operational tuninthereby more significant benefit can be demonstrated
when conducting the chain of ATCFM process proposed by ISOBAR Solution.
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AppendixA Val i dation Actiwvwity ACTO1
A.1 Summary of the Validation Activity ACTO1 Plan

ACTO1 consisted of validating the Al 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:

1 AEMET gammaSREHSerian Peninsula
1 METEOFRANCE ARGMEentered around France
1 ECMWEF Ensemble Prediction SysteRarEuropean Region

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

A.l.1Validation Exercise description, scope

The validation exercises consisted of providing the thunderstorm predgtior the three selected
dates from summer 2019 ( July 27th, August 27th and August 28th ). For each day, forecast predictions
were provided for BD and DB1.

A.1.2 Summary of Validation Activity ACTO1 Validation Objectives
and success criteria

The validatio objective was to use an Al model for precise characterization of convective weather
cells from H24 to HO, based on risk matrix [extent of convective event, probability of occurrence)

Success of the activity was based on the provision of mettsted MLlibraries capable of computing
probabilistic forecasts of convective weather adapted to ATFCM spatial and temporal granularities

Dependent
N L Research : Independent .
Validation Objective : Hypothesis . variables
Question variables :
(Indicator)
Objective #1: RQ1: Which H1: Different AROME 45 Probability
Characterisation of sources of data | sources of weather : parameters forecast of
Convective Weather. are key for a data (NWP, RDs, GREPS 22 convection
Precise characterisation o better prediction  Lightning) are key 0 parameters RDTs
convective weather cells =~ Of convective improve the Lightings
from H-24 to HO, based on €vent from H24  convective weather Thunderst
risk matrix {extent of the = t0 HO0? prediction. unaerstorm
convective event, RQ2: Which H2: A convective
probability of occurrence}. convective predictive model
U  Success criteria: = predictive model | and machine
Provision of meteo and machine learning technique
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related ML libraries  learning technics = better identifies and Probability
capabé of computing = can better quantifies forecast of
probabilistic forecasts identify and probabilistically the convection
of convective weather quantify convective RDTs
adapted to ATFCM probabilistically ~ phenomenon. o
spatial and temporal = the convective  Eytent of the Lightings
granularities. phenomenon convective event Thunderstorm
from H24 to HO? Probability of
occurrence

Table8: Summary of Validation Activity ACTO1

A.1.3Summary of Validation Activity ACTO1 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 ACTO1 Validation
Assumptions

ID Title Description Justification Impact on
Assessment
1 RDT Data | We assume the data provided | While errors are likely to Model is biased

by the RDT product is 100%
accurate. However, it is
believed the RDT product
overestimates the severity of
storms.

exist in the RDT product towards the RDT
this is the best available: observations
information describing
the actual convective
weather.

Table9: 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 artést 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 ACTO1 Results
A.3.1 Summary of Validation Activity ACTO1 Results

Validation Validation  Success Criteric Validation Results Validation
Objective Objective Objective
Description Status
Obj #1.: Precise Provision of metee !-SREPS
Characterisation = characterisation related ML libraries
of Convective of convective capable of
Weather. weather cells computing
from H24 to probabilistic
HO, based on forecasts of
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Validation Validation  Success Criteric Validation Results Validation
Objective Objective Objective
Description Status

risk matrix convective wedter

{extent of the adapted to ATFCM

convective spatial and AT IS

event, temporal = %‘.‘:g:_m

probability of granularities. T YeryHign- 0952

occurrence}. — o

oo 0z 04 06 o 10
False Positive Rate

— NI 0814
L 0BT
— M:0912
= H:.0939
— VH:0.952
= FL320- 0.823
FLI40: DB2E
— FL3G0- 0.849
FLI90: 0676

Fl410-0805 -
~ Light_Binary: 0.938
05.0.951

g 02 04 06 06 10
False Positive Rate

Tablel10:Validation Results for Activity ACTO1

A.3.2 Analysis of Activity ACTO1 Results per Validation objective
Objective #1 Results

Objective #1 Characteriation 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
1823, July 228, and August 228. These days werselected because of the active convective
activity, seeTable11: Forecast Release dates used for training, validation,tasting in AROME
model. All dates are from 2019.

Training Validation Test
Junl8 Juk27 Aug23
Junl9 Jun2l Aug24
Jun22 Aug25
Juk23 Aug26
Juk26 Aug27
Jun20

Tablel1l: Forecast Release dates used for training, validation, #éesting in AROME model. All dates are

from 2019.
Co-funded by
the European Union
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The model's overall performance is presented=igure3 for all binary targetsROC curve generally
shows a good performance, with a better performance in high severity storms and overshoots than
other targets, and nowefine (all storms) targetnesents the worst performance (see AUC values in
the legend fromFigure3).

Besides the ROC curves, the results are presented using normalized mstdgioaure4 and Figureb
present histogramfor the 12 binary targets. In the graphs the target distribution is shown in red, while
the nontarget 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 saaziarthe graphs. Ideally, we would

like the two distributions completely separated, with the ntanget (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 perfamance 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 netarget distributions. It is also worth noting that foorae 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 modekgdiction 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 binarg wédtthe
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 dput classes, the model shows a good classification performance.

10
—— ND:0EL4
08 L: 0.847
u - M- 0912
2 0644 —— H-0.939
s VH: 0,957
‘E FL3IZ0- 0,823
= 04 FL340- 0.628
H FLIE0- 0,844
= FL390- 0.876
02 FLA10- 0.905
~— Light_Binary: 0.938
05: 0.951
0o A ' : -
0.0 0z 04 06 08 10

False Positive Rate

Figure3: ROC curve MetEngine AROME model for 12 binary targets
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Figure4: Normalized histograms folightning and overshoot targets for AROME MetEngine Model.
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Figure5: Normalized histograms for severity and cloud top altitude related targets for AROME MetEngine
Model.

aSi9y3aAryS 1+ {wot {

hdzNJ O2YLX SGS RIFGIF aSidi O2yaiaa KR 23F Fand Algus 237, T2 NBO
2019. For each day, the forecast released at time 00:00 was utilized, and a time horizon up to 36 hours

was considered. Correspondingly, tR®T storm observations and lightning detection data from June

18-23, July 228 and August 228 were considered. The complete data set was then split into three

subsets for the purposes of training, validation, and testing. Table 6 provides the breakéiauich

days were utilized in each subset.

Training Validation Test
Junl8 Jul26 Aug23
Jun19 Juk27 Aug24
Jun20 Jul28 Aug25
Jun21 Aug26
Jun22 Aug27
Jun23 Aug28
Juk23
Juk24
Juk25

Tablel2Y 51 0S& dzaSR FT2NJ GNFXAyAy3ads GFHEARFGAZ2Y S yR GSai
Like in AROME model, the ROC and the normalized histograms are presented. Where better results

are observed in general in all binary tatg. 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, seg~igure6.

In Figure7 and Figure8the normalized histograms are presented, and all binary targets have less
overlap between the target and netarget distributions than in the AROME model.
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MetEngine ECMWF

For this study an integrated data set of EPS forecast and RDT observations covaringtthef June
2018 is used. From the 30 days in June, 16 days are selected for training, 7 days for validation and 7

Model.
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for testing, exact dates used for each data subset can be se€kabiel3.

Page I6

Training  Validation Test
JunO1 Jun03 Jun04
Jun02 Jun07 Jun08
Jun05 Junll Junl2
Jun06 Junlb Junl6
Jun09 Junl9 Jun20
Junl0 Jun23 Jun24
Junl3 Jun27 Jun28
Junl4

EUROPEAN PARTNERSHIP

sesar’

JOINT UNDERTAKING

FyR Of 2dzR

Co-funded by
the European Union

l.j

p

z


https://www.sesarju.eu/


















































































































































































































































































































































































































































































