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Abstract

This deliverable presents the assessment of tleekvearried out in the FMI®RIet project. It has 2 main

parts: 1) Assessment of the probabilistic methodologies developed for traffic analysis, namely, sector
demand and traffic complexity, under adverse weather in rméttor scenarios. This assessment is
performed comparing the FMR S LINBRAOGA2Yy & GAGK b! +{La &AYd#
Validation of the operational concept developed in the FM& project for tactical flow management

dzy RSNJ I ROSNES 6SI GKSNXP ¢ KA A& (ekperfopirioh)¥ia quigstioAnaires | & SR
Both the assessment and the validation are performed considering the same use case, which
corresponds to a day with strong convective activity. The overall assessment is quite positive.
Furthermore, the analysisoftiéB a dzf 1a ' yR (KS CataQ FTSSRol Ol KI &
for future development of the FMI®let concept.
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1 Introduction?

1.1 The FMPRMet project

The framework for the FMPMet project (Meteorological Uncertainty Management for Flow
Management Positions) is the integration wfeteorological (METjorecastinformation into the
decisionmaking process for Flow Management PositionsHFivhder adverse weathefThus, FMP

Met deals with the provision of probabilistic forecasts of sector demand, sector complexity, and sector
capacity reduction under convective weather for a forecasting horizon of 8 h@iwen the forecast

lead time of 8hours, the focus of the project is on the tactical flow management phase.

Theoverall objectiveis to provide the FMP with an intuitive and interpretable probabilistic assessment
of the impact of convective weather on the traffic, up to 8 hours in advancalow betterinformed
decision makingTo this engda methodology to generate probabilistic predictions of demaagacity
balance to be used in conjunction withet tools currently used by FMPs has been developed.

Thepotential impactof this project,from the point of view of the overall efficiency of tiddr Traffic
Management ATM system, will bethe improvement of the decisiomaking proces# traffic flow
management under convective weather. Indeed, the provisioancgnhancedorecast of the @iture
sector demand and complexity and of a reliable estimation of the impact of the convective weather
on the sector capacity will support the FMP in taking anticipated, appropriatetisrely tactical flow
measures, which consequently will lead to auetion of delays.

1.2 The FMPMet concept

The FMPRMet conceptaddresses the problem dfow probabilistic forecasts of traffic and acceptable
traffic load can be integrated o the FMP procedures. Thaim of the conceptis not to radically
change the currenEMP procedures, but to seamlessly integrate uncertainty information into the
established procedureseeD2.1[1]).

The integration of probabilistic information in the decision process is based on a decision support tool.
In this project atool conceptis devised, which aims at giving a concise airspace overview to raise
awareness for possible lalances in demand and capacity addition, this tool will allow to test the
impact of FMP measures informing the decision makehencost and effectiveness before taking the
measure.

Thecontext of useof the concept is the FMP process under adverse weather (thunderstorms),-for en
route +Terminal Control Areal(MA) traffic, for a time horizon of 8 hours (tactical phase).

! The opinions expressed hereinreffec G KS | dzi K2NRa ©@GASg 2yfte&d | yRSNI y2 O3
Undertaking be responsible for any use that may be made of the information contained herein.
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Given the érecast lookahead time of 8 hours, antthe stochastic evolution of the atmosphere, the
FMP predictions on sector demaaddtraffic complexiy are affected byMETforecast uncertainty, so
that a probabilistic approachhecomes the appropriate one.

A schenatic description of the FM®let project, including the input/output and the main tasks carried
out, is given irFigurel.

FMP-Met Project
I —

FMP-Met Concept

—_ —_— —_- —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— — —

|
Supporting Probabilistic I
Input data Technical Enablers I Traffic Analysis FMP Monitoring | Output
— [ |
M~ |
Probabilistic Sector |
Airspace Weather | Configuration I
- Forecast l Sector Monitor [
. | Demand |
a— Probabilistic I
- Traffic Volume |
. Trajectory >t > ' — FMP
LU Prediction | Monitor ' measures
\\_____,/ 5
Traffic l
Y l Complexity I
M Probabilistic I Traffic Volume
Capacity Analysis !
Air Traffic Reduction | View I
— | |
|\ % _ — _ _ _ _ 7 —
FMP-Met Assessment
NAVSIM Expert
Simulation Feedback

Figurel. Structure of FMfMet project

The FMPMet concept relies on the avabdity of the followingthree supporting technical enablers

w Probabilistic weather forecasti this project, MET uncertainty is quantified by a probabilistic
prediction technique called Ensemble Weather Forecasting (EWif€e types of forecasts are
corsidered:ensemble nowcasts, and limiteatea and global Ensemble Prediction Systems
(EPS)

w A pobabilistic tejectory predictor, providing 4D trajectori@gth a measure of uncertainty
The trajectory predictor developed in thgroject is capable o&voiding the storm celland
captures not only the meteorological uncertaintjdsut also the uncertainty in the storm
avoidance strategand the uncertainty in the departure time for those aircraft that are still on
ground

1 A probabilistic predictor of capacitgduction caused by thunderstorms, that is a probabilistic
measure of the Available Sector Capacity, given, for example, as the ratio of the sector capacity
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under the given weather constraints to the maximum possible capacity of the sector without
weathersystems.

Two probabilistic methodologielsave beendeveloped for traffic analysis under adverse weather:
sector demand and traffic complexifgee D5.1[2] and D6.1[3], respectively, on which thetool
concept for FMP monitoring is based. This tool is composed of 3 layers: Sector Configuration Monitor,
Traffic Volume Monitor and Traffic Volume Analysis View

Note that the analysis of the FMP Measures to be taken based on the probabilistic preslictio
generated using the FMMet concept is beyond the scope of this project.

The assessment of the methodologies developed and of the concept as a whole has been the subject
of WP 7, and it is reported in this deliverable.

1.3 Deliverable scope

This document esents the assessment of the work carried out in the FNER project. It has 2 main
parts (see the block diagram in Figure 1):

1 Assessment of the probabilistic methodologies developed for traffic analysis, namely, sector
demand and traffic complexity, undeadverse weather in muklsector scenarios. This
assessmenis performed comparing the FMRet predictions with NAVSIM simulations taken
da GNBlIfAGEEéE a RSAONAOSR Ay {SOGA2Y oo

9 Validation of the operational conceptetdeloped in the FMiRIet project for tectical flow
YIYylF3SYSyd dzyRSNJ  ROSNES 6SIGKSNWP ¢KAA QI fAF
opinion) via questionnaires, as described in Section 4.

The use case considered in both cases is the gaameesponding to a scenario with strong convective
activity), and it is described in Section 2. Finally, in Section 5 some conclusions are drawn and
improvements for future development are identified.

1.4 Acronyms and Terminology

Acronym Description
ACC Area Control Centre

ANSP Air Navigation Services Progid

ASCR Available Sector Capacity Ratio

ATC Air Traffic Control

ATCO Air Traffic Control Officer

ATFCM Air Traffic Flow and Capacity Management
ATM Air Traffic Management
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BADA Base of Aircraft Data
CB Cumulonimbus
CDM Qollaborative Decision Making
CIFLO Collaboration Human Machine Interface for Flow Management Positions
CNS Communication, Navigation and Surveillance
CPDLC Controller Pilot Data Link Communications
CPR Correlated Position Report
CTH Cloud Top Height
DCB DemandCapacity Balance
ECAC European Civil Aviation Conference
ECMWF European Centre for MediwiRange Weather Forecasts
EPS Ensemble Prediction System
ERA5 ECMWF Reanalysis v5
ESA European Space Agency
EWF Ensemble Weather Forecasting
FIR Flight Information Region
FMP Flov Management Position
FMPO Flow Management PositioDfficer
FPL Flight Plan
MAE Mean Absolute Error
MET Meteorological
MV Monitoring Value
OoTMV Occupancy Traffic Monitoring Value
PRU Performance Review Unit
ROL Relative Overload
SESAR Single European SKyTM Research
SID Standard Instrument Departure Route
STAM ShortTerm ATFCNeasure
STAR StandardArrival Route
SWIM Initial systemwide information management technology solution
TF Traffic Forecast
TMA Terminal Control Ara
TP Trajectory Predictor
TV Traffic Volume
UAV Unmanned Aerial Vehicle
Page ILO
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UAS Unmanned Aerial System
uTC Coordinated Universal Time
WP Work Package

1.5 FMPMet Consortium

Acronym Description
USE Universidad de Sevilla
AEMET Agencia Estatal de Meteoagia
ACG Austro Control GmbH
CCL Croatia Control Limited
LiU Linkdping University
MetSol MeteoSolutions GmbH
PLUS ParisLodron Universitat Salzburg
UC3M Universidad Carlos IIl de Madrid
ZFOT University of Zagreb
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2 Use case

To carry out theassessment of the methodologies and the validation of EMRMet concept a use
case developed within the Austriarirgpace forJune 12, 2018 has been considered’his case
corresponds t@day withhighconvection intensity. The prediction is performad12:00 for the next
8 hours Figue 2 displays a shapshot dfie actual thunderstorm silation at 12:30 (provided by on
ground weather radar)The scenarigin terms of airspace, weather aradr traffic,is described in the
following sections.

12.06.2018 12:30 e i o / 2 Yot Tracks 12.06.2018 12:30
— d \ e il A \ P
Ay e 2 3 ) g

Figue 2: Thunderstorm on 12/06/2018

2.1 Airspace

For AIRAC cycle 1806¢tAustrian airspace under the control of the Wien Area Control Centre (ACC
WIEN) is shown iRigure3. It is divided into five geographical regions (B, E, N, S and W), and each
region into five vertical layers:

)l
)l
T
)l
1

Page IL2

ACC WIEN B: B1, B3, B4and B5.

ACC WIEN E: E1, E2, E3akd E5.

ACC WIEN N: N1, N2, N3, &Hd N5.

ACC WIEN S: S1, S2, SR8#sh.

ACC WIEN W: W1, W2, W3, W4, and W5.
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o . 57 H H S T
50°N| — Ppoiitical boundaries ,\f"e\"\'

= ACC WIEN sectors
Area of ATS delegation to an adjacent ATS unit
Area of ATS delegation by an adjacent ATS unit

AB°N} oo

46°N| 2./

T0°E T2°E 2™ T6°E T8°E

Figure3: Geographical description dfi¢ Austrian airspace

In total, 38 elementary volumes are used to define this airspace, which lead to near 60 possible
different Air Traffic Contro{ATQ sectors and 190 different sector configuratioR®r examplesector
configuration 10AIthe one initially scheduledt the predidion time) consists ofen ATC sectors: B15,
E13, E45, N12, N35, S12, S35, W12, W3 andWwWiiéh are formed as follows

B15, by all the elementary volumes from ACC VBEN
N12, by the elementary volumes from N1 and N2.
N35, by the elementary volumes froNB3, N4 and N5.
E13, by the elementary volumes from E1, E2 and E3.
E45 by the elementary volumes from E4 and E5.
S12 by the elementary volumes from S1 and S2.
S35,by the elementary volumes from S3, S4 and S5.
W12, bythe elementary volumes from W1 and W2
W3, by the elementary volumes from W3.

W45, by the elementary volumes from W4 and W5.

= =4 =8 8 -8 _-a_-a_-5_-°2_-°

2.2 Weather

The three probabilistic weather forecasts considered in tilsis casgone ensemble nowcast and two
EPSare described next.

EnsembleNowcast

Generated by AEME as described iD3.1[4]. We consider the last available nowcast at the moment

of the prediction; in thisise casethe one generated at 11:45. It has been interpolated every 5 minutes
and processed to identify the convedicells (at 38 dBz) and enlarhwith a safety margin (13.5 njni

A common cloud top height for all the nowcast coverage area has been also provided: the flights can
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overfly them with a margin of 5000 ft. The number of members is 15, and they are s#dlystic
independent among them.

An example, corresponding to a prediction for 12:30, generated at 11:45, is depidtegline4. The
storm cells, already enlarged with a safety margin of 18mi, are represented ined. The
transparency in a particular locatios related tothe number of members that predict a storm cell to
be in that very location (less transparent, more members).

Figured4. Nowcast generated at 11:45, prediction for 12:30

ECMWFEPS

Global EPS from the European Centre for MedR@mge Weather Forecasts (ECMVIZI§wnloaded

by AEMETThe number of members is 50, and they are statistically independent among them.
Convective areas are identifiagsing two indicatorswhen the Total Totalss above 44 Kand the
Convective Precipitatiois above0.

In thisuse casegthe last available ECMBPS is the one generated at 00:00. It has been interpolated
every 15 minutes and processed to identify the convective afszes D4.15]).

COSMGD2-EPS

Limited-area, highresolution EPSurchased from the Fraunhofénstitute for Energy Economics and
Energy System Technolo@iE. The number of members is 20, and they are statistically independent
among then. Convective areas are identified using two indicaterisen the Lifted Index is less than

4, and the Precipitation Intensity is above 5 mm/hour.

Also, a transition zone with unrealistic gradients has been identified in the contour of GOZERS
covelage area, resulting from its boundary conditions during its generation. As a result, the outer 25
grid points on each side (about 50 km) have been discarded, being the coverage area of COSMO slightly
downsized.

In this use case the last available COSMO»-EPS is the one generated at 09:00. It has been
interpolated every 15 minutes and processed to identify the convective deggmin,see D4.15]).
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