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FMP-Met  
METEOROLOGICAL UNCERTAINTY MANAGEMENT FOR FLOW MANAGEMENT 
POSITIONS 

 

This deliverable is part of a project that has received funding from the SESAR Joint Undertaking under 
grant agreement No 885919 ǳƴŘŜǊ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ 
programme. 

 

 

Abstract  

This deliverable presents the assessment of the work carried out in the FMP-Met 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 multi-sector scenarios. This assessment is 
performed comparing the FMP-aŜǘ ǇǊŜŘƛŎǘƛƻƴǎ ǿƛǘƘ b!±{La ǎƛƳǳƭŀǘƛƻƴǎ ǘŀƪŜƴ ŀǎ άǊŜŀƭƛǘȅέΦ нύ 
Validation of the operational concept developed in the FMP-Met project for tactical flow management 
ǳƴŘŜǊ ŀŘǾŜǊǎŜ ǿŜŀǘƘŜǊΦ ¢Ƙƛǎ ǾŀƭƛŘŀǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ CatǎΩ ŦŜŜŘōŀŎƪ (expert opinion) via questionnaires. 
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 analysis of the ǊŜǎǳƭǘǎ ŀƴŘ ǘƘŜ CatǎΩ ŦŜŜŘōŀŎƪ Ƙŀǎ ŀƭƭƻǿŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ƛƳǇǊƻǾŜƳŜƴǘǎ 
for future development of the FMP-Met concept. 
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1 Introduction1 

1.1 The FMP-Met project 

The framework for the FMP-Met project (Meteorological Uncertainty Management for Flow 
Management Positions) is the integration of meteorological (MET) forecast information into the 
decision-making process for Flow Management Positions (FMP) under adverse weather. Thus, 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 hours. Given the forecast 
lead time of 8 hours, the focus of the project is on the tactical flow management phase. 

The overall objective is 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 advance, to allow better-informed 
decision making. To this end, a methodology to generate probabilistic predictions of demand-capacity 
balance to be used in conjunction with the tools currently used by FMPs has been developed. 

The potential impact of this project, from the point of view of the overall efficiency of the Air Traffic 
Management (ATM) system, will be the improvement of the decision-making process in traffic flow 
management under convective weather. Indeed, the provision of an enhanced forecast of the future 
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, appropriate, and timely tactical flow 
measures, which consequently will lead to a reduction of delays. 

 

1.2 The FMP-Met concept 

The FMP-Met concept addresses the problem of how probabilistic forecasts of traffic and acceptable 
traffic load can be integrated into the FMP procedures. The aim of the concept is not to radically 
change the current FMP procedures, but to seamlessly integrate uncertainty information into the 
established procedures (see D2.1 [1]). 

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

The context of use of the concept is the FMP process under adverse weather (thunderstorms), for en-
route + Terminal Control Area (TMA) traffic, for a time horizon of 8 hours (tactical phase). 

                                                           

 

1 The opinions expressed herein reflecǘ ǘƘŜ ŀǳǘƘƻǊΩǎ ǾƛŜǿ ƻƴƭȅΦ ¦ƴŘŜǊ ƴƻ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ǎƘŀƭƭ ǘƘŜ {9{!wо Wƻƛƴǘ 
Undertaking be responsible for any use that may be made of the information contained herein. 

https://www.sesarju.eu/


D7.1 EVALUATION AND ASSESSMENT OF PROPOSED METHODOLOGIES   

   
 

Page I 8 
 

  
 

 

Given the forecast look-ahead time of 8 hours, and the stochastic evolution of the atmosphere, the 
FMP predictions on sector demand and traffic complexity are affected by MET forecast uncertainty, so 
that a probabilistic approach becomes the appropriate one.  

A schematic description of the FMP-Met project, including the input/output and the main tasks carried 
out, is given in Figure 1. 

 

 

Figure 1. Structure of FMP-Met project 

 

The FMP-Met concept relies on the availability of the following three supporting technical enablers: 

ω Probabilistic weather forecasts. In this project, MET uncertainty is quantified by a probabilistic 

prediction technique called Ensemble Weather Forecasting (EWF). Three types of forecasts are 

considered: ensemble nowcasts, and limited-area and global Ensemble Prediction Systems 

(EPS). 

ω A probabilistic trajectory predictor, providing 4D trajectories with a measure of uncertainty. 

The trajectory predictor developed in the project is capable of avoiding the storm cells and 

captures not only the meteorological uncertainties, but also the uncertainty in the storm 

avoidance strategy and the uncertainty in the departure time for those aircraft that are still on 

ground. 

¶ A probabilistic predictor of capacity reduction 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 

weather systems. 

Two probabilistic methodologies have been developed for traffic analysis under adverse weather: 
sector demand and traffic complexity (see D5.1 [2] and D6.1 [3], respectively), on which the tool 
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 predictions 
generated using the FMP-Met 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 presents the assessment of the work carried out in the FMP-Met project. It has 2 main 
parts (see the block diagram in Figure 1): 

¶ Assessment of the probabilistic methodologies developed for traffic analysis, namely, sector 
demand and traffic complexity, under adverse weather in multi-sector scenarios. This 
assessment is performed comparing the FMP-Met predictions with NAVSIM simulations taken 
ŀǎ άǊŜŀƭƛǘȅέΣ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ {ŜŎǘƛƻƴ оΦ 

¶ Validation of the operational concept developed in the FMP-Met project for tactical flow 
ƳŀƴŀƎŜƳŜƴǘ ǳƴŘŜǊ ŀŘǾŜǊǎŜ ǿŜŀǘƘŜǊΦ ¢Ƙƛǎ ǾŀƭƛŘŀǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ CatǎΩ ŦŜŜŘōŀŎƪ όŜȄǇŜǊǘ 
opinion) via questionnaires, as described in Section 4. 

The use case considered in both cases is the same (corresponding 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 Provider 

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 Collaborative 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 Demand-Capacity Balance 

ECAC European Civil Aviation Conference 

ECMWF European Centre for Medium-Range Weather Forecasts 

EPS Ensemble Prediction System 

ERA5 ECMWF Reanalysis v5 

ESA European Space Agency 

EWF Ensemble Weather Forecasting 

FIR Flight Information Region 

FMP Flow Management Position 

FMPO Flow Management Position Officer 

FPL Flight Plan 

MAE Mean Absolute Error 

MET Meteorological 

MV Monitoring Value 

OTMV Occupancy Traffic Monitoring Value 

PRU Performance Review Unit 

ROL Relative Overload 

SESAR Single European Sky ATM Research 

SID Standard Instrument Departure Route 

STAM Short-Term ATFCM Measure 

STAR Standard Arrival Route 

SWIM Initial system-wide information management technology solution 

TF Traffic Forecast 

TMA Terminal Control Area 

TP Trajectory Predictor 

TV Traffic Volume 

UAV Unmanned Aerial Vehicle 
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UAS Unmanned Aerial System 

UTC Coordinated Universal Time 

WP Work Package 

 

1.5 FMP-Met Consortium 

Acronym Description 

USE Universidad de Sevilla 

AEMET Agencia Estatal de Meteorología 

ACG Austro Control GmbH 

CCL Croatia Control Limited 

LiU Linköping University 

MetSol MeteoSolutions GmbH 

PLUS Paris-Lodron Universität Salzburg 

UC3M Universidad Carlos III de Madrid 

ZFOT University of Zagreb 
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2 Use case 

To carry out the assessment of the methodologies and the validation of the FMP-Met concept, a use 
case developed within the Austrian airspace for June 12th, 2018, has been considered. This case 
corresponds to a day with high convection intensity. The prediction is performed at 12:00 for the next 
8 hours. Figure 2 displays a snapshot of the actual thunderstorm situation at 12:30 (provided by on-
ground weather radar). The scenario, in terms of airspace, weather and air traffic, is described in the 
following sections. 

 

 

Figure 2: Thunderstorm on 12/06/2018 

 

2.1 Airspace 

For AIRAC cycle 1806, the Austrian airspace under the control of the Wien Area Control Centre (ACC 
WIEN) is shown in Figure 3. It is divided into five geographical regions (B, E, N, S and W), and each 
region into five vertical layers: 

¶ ACC WIEN B: B1, B2, B3, B4, and B5. 

¶ ACC WIEN E: E1, E2, E3, E4, and E5. 

¶ ACC WIEN N: N1, N2, N3, N4, and N5. 

¶ ACC WIEN S: S1, S2, S3, S4, and S5. 

¶ ACC WIEN W: W1, W2, W3, W4, and W5. 
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Figure 3: Geographical description of the Austrian airspace 

 

In total, 38 elementary volumes are used to define this airspace, which lead to near 60 possible 
different Air Traffic Control (ATC) sectors and 190 different sector configurations. For example, sector 
configuration 10A1 (the one initially scheduled at the prediction time) consists of ten ATC sectors: B15, 
E13, E45, N12, N35, S12, S35, W12, W3 and W45, which are formed as follows: 

¶ B15, by all the elementary volumes from ACC WIEN B. 

¶ N12, by the elementary volumes from N1 and N2. 

¶ N35, by the elementary volumes from N3, 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, by the elementary volumes from W1 and W2. 

¶ W3, by the elementary volumes from W3. 

¶ W45, by the elementary volumes from W4 and W5. 

 

2.2 Weather 

The three probabilistic weather forecasts considered in this use case, one ensemble nowcast and two 
EPS, are described next. 

Ensemble Nowcast 

Generated by AEMET, as described in D3.1 [4]. We consider the last available nowcast at the moment 
of the prediction; in this use case, the one generated at 11:45. It has been interpolated every 5 minutes 
and processed to identify the convective cells (at 38 dBz) and enlarged with a safety margin (13.5 nmi). 
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 statistically 
independent among them.  

An example, corresponding to a prediction for 12:30, generated at 11:45, is depicted in Figure 4. The 
storm cells, already enlarged with a safety margin of 13.5 nmi, are represented in red. The 
transparency in a particular location is related to the number of members that predict a storm cell to 
be in that very location (less transparent, more members).  

 

Figure 4. Nowcast generated at 11:45, prediction for 12:30. 

 

ECMWF-EPS  

Global EPS from the European Centre for Medium-Range Weather Forecasts (ECMWF). Downloaded 
by AEMET. The number of members is 50, and they are statistically independent among them. 
Convective areas are identified using two indicators: when the Total Totals is above 44 K, and the 
Convective Precipitation is above 0.  

In this use case, the last available ECMWF-EPS is the one generated at 00:00. It has been interpolated 
every 15 minutes and processed to identify the convective areas (see D4.1 [5]).  

COSMO-D2-EPS  

Limited-area, high-resolution EPS. Purchased from the Fraunhofer Institute for Energy Economics and 
Energy System Technology (IEE). The number of members is 20, and they are statistically independent 
among them. Convective areas are identified using two indicators: when 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 COSMO-D2-EPS 
coverage 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-D2-EPS is the one generated at 09:00. It has been 
interpolated every 15 minutes and processed to identify the convective areas (again, see D4.1 [5]).  
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