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Executive summary 
The role of WP11.2 in the SESAR1 programme is to support the operational work packages by 
contributing new MET information and expertise so that they can reach their validation objectives and 
maximise performance achievements. This is why WP11.2 contributes to validation exercises by 
delivering basic MET information and specially enhanced, consistent and harmonised MET 
information developed in WP11.2 for future ATM processes. As an enabler, the MET services 
themselves were not validated, but the benefits of them were studied as appropriate for the exercise. 
 
In R5, MET contributions from 11.02 have been used in six validation exercises. Since most projects 
and WP’s had already completed their development project plans before WP11.2 was initiated, it was 
difficult for WP11.2 to have advanced MET services integrated in some ATM validation exercises. As 
a result some of the exercises use only conventional MET products, in spite of the fact that they would 
have benefited from using of enhanced MET products; whilst others decided to disregard the 
dependency their operations have on meteorology, choosing to defer MET integration to SESAR2020. 
 

The participation of WP11.2 in the validation exercises (with maturity level, respectively release 
number, indicated between brackets) were as follows: 

• EXE-06.06.02-VP-513 de-icing Step1  

• EXE-13.02.03-VP-700 Advanced Short-Term ATFCM including Network Supervision and 
interface with local Tools 

• EXE-06.03.01-VP-669 Close out Airport Integration through SWIM  

• EXE-06.03.01-VP-757 APOC performance Monitoring Management  

• EXE-11.01.05-VP-791 Use of Global ensemble wind forecasts (GEWF) within planning 
process  

• EXE-09.48-VP-811 Assess the operational need and principles of cockpit integration for 
AIS/MET cockpit functions 

In addition MET contribution to Large Scale Demonstrations, such as TOPLINK, SWIM Master Class 
and SWIM Global Demo are also described here since they similarly demonstrate the benefits of 
enhanced, consolidated MET information services to operational ATM and flight planning processes 
Unfortunately not all demo results are available at the time of writing, but where possible preliminary 
results are indicated in this document 
 
Analysis of the results of MET contribution to these validation exercises and Large Scale 
Demonstrations show that the use of enhanced MET products in future ATM will bring significant 
added value for end users and it has a potential to increase the predictability of business/mission 
trajectory, improve situational awareness of all stakeholders, and improve flight efficiency. This would 
have a positive effect on the safety, capacity and fuel efficiency of aviation in Europe. 

Analysis of the MET contribution to exercises is still on-going in TOPLINK, but the preliminary results 
show, that the provision in real-time of MET hazard contours, observations and forecasts to ATC Flow 
Managers, Flight dispatchers, Pilots and Airport operators resulted in qualitatively significant added 
value for end-users. Further improvements are needed to increase vertical and time resolution of 
weather hazard warnings and additional dedicated MET products are also desired for visibility 
conditions on the ground, contoured areas of high winds en route, high resolution observation and 
nowcast of wind fields in terminal airspace and observation and forecasts airport MET parameters. 

Technical interoperability of the MET-GATE as a way to disseminate MET information has been 
successfully demonstrated and it is recommended that it is used for future MET information 
dissemination in Europe. The benefits of probabilistic MET forecasts instead of the use of traditional 
deterministic ones seemed beneficial in many of the exercises. It is envisioned that after some 
common development with the MET and ATM community that many of the MET applications are 
ready for deployment. 

It is recommended that additional work on MET prototypes for SESAR2020 be continued and that 
MET considerations should be made early on in any planning stages of a project. This will ensure 
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continued customer engagement on the solutions required for the wide range of ATM users will cover 
the variation in requirements that they have.  

After improvements on some of the MET prototypes demonstrated in the validations they are now 
ready for deployment (e.g. MET-GATE and winter weather prototypes). However for most of the 
developed prototypes it was not possible to demonstrate them adequately though they have a great 
potential to be products in future ATM with further work. 
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1 Introduction 

1.1 Purpose of the document 
This document provides the report of WP11.2 MET Contribution for R5 validation exercises. It 
describes the MET contribution arrangements and prototypes used in exercises as well as the MET 
demonstration results in validation exercises defined in 11.02.02-D35 Validation Plan Contributions - 
Ed 00.01.00. 

R5 Validation exercises WP11.2 coordinators for each exercise are: 

• EXE-06.06.02-VP-513 de-icing; Heikki Juntti (FMI) 

• EXE-13.02.03-VP-700 Short-Term ATFCM; Anais Mermet, Jean-Louis Brenguier (Météo 
France)  

• EXE-06.03.01-VP-669 A-CDM; Jaap Heijstek (NLR), Jan Sondij (KNMI), Svenja Koos (DWD)  

• EXE-06.03.01-VP-757 APOC implementation; Pim van Leeuwen (NLR)  

• EXE-11.01.05-VP-791 Use of ensemble weather forecast in flight planning; Jaap Heijstek 
(NLR), Jacob Cheung (Met Office), Jean-Louis Brenguier (Météo France)  

• EXE-09.48-VP-811 AIS/MET Services and Data distribution; Anais Mermet, Jean-Louis 
Brenguier (Météo France)  

WP11.2 also contributed to Large Scale Demonstrations (LSD). During SESAR1, WP11.2 had only 
limited opportunity to demonstrate benefits of enhanced MET prototypes for future ATM. This report 
will also describe the experiences regarding MET used in some LSDs as they are available at the 
time of writing. LSDs are still running, so final results of these will be described in the relevant LSD 
reports. 
 
LSDs WP11.2 coordinators are: 

• TOPLINK; Daniel Muller (Thales) 
• SWIM Master Class; Svenja Koos (DWD), Anais Mermet (Météo France) 
• SWIM Global Demo; Svenja Koos (DWD), Anais Mermet (Météo France) 

 
Contrary to document: “11.02.02-D35 Validation Plan Contributions - Ed 00.01.00”, where details of 
validation exercises and Large Scale Demonstrations were not included, this report will summarise 
exercises or demonstrations, as well as describe their results (related to MET dependencies).   

1.2 Intended readership 
The primary audience for this document are all stakeholders participating to the validation exercises 
VP513, VP700, VP669, VP757, VP791, VP811 and reviewers of the results of these exercises. 

In addition, this report will be of interest for those involved in the use of MET in future ATM, 
particularly related to the PCP, deployment and SESAR2020 planning. 

1.3 Structure of the document 
MET prototypes are not directly validated (only verified). As such, this document describes the MET 
‘contribution’ and the results obtained from the MET perspective, to each of the identified validation 
exercises and demonstrations. The document is thus structured within this modified VALR template 
as appropriate. The detailed results of validation exercises will be described in the VALR of each 
exercise. 

The document is organised as followed: 

• Chapter 1 introduces the document. It defines the purpose and scope of the document and 
identifies its intended audience. It also provides a list of acronyms and terminology 

• Chapter 2 presents content of MET contribution to validation exercises and LSD’s. 
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The Finnish Meteorological Institute (FMI) combined weather observations, forecasts and provided 
pre-defined weather categories for the De-Icing Management Tool (DIMT; named ODISS). The 
4DWxCube and SWIM were not used in this validation experiment.  
The aim of the experiment was to explore the effect of DIMT on the Air Transit View’s (ATV’s) 
preparation for de-icing operations. Together with Airport Operations Data Base (AODB), DIMT 
provides de-icing information as de-icing time-stamps. P11.02.02 provides MET input to VP-513 by 
providing weather information and exploring the added value of refined weather parameters.  
 
Generally, the role of Task 11.02.02.03 MET Support in Pre-Operational Validation was to support the 
validation activities inside the OPS WPs in all MET-related matters. Validation of an integrated MET-
ATM system was the direct responsibility of the OPS WPs.  
This specific validation EXE-06.06.02-VP-513 shows that the new de-icing management procedure 
helps to predict the de-icing time of aircraft, thus optimizing the gate-to-gate times and supporting 
CDM at airports. It was determined that the role of MET was essential in these operations. 
 
The WP11.2 contribution to EXE-06.06.02-VP-513 was to deliver the weather information (both real-
time observations and forecast) needed in the experiment. MET information was transformed into a 
form that indicated the weather type relevant to de-icing.  
 
Concept overview of MET contribution to VP-700: Advanced Short Term ATFCM including 
Network Supervision and interface with Local Tools 
 

Integration of MET information into a NM tool was evaluated by VP700. Forecasts of convection, 
turbulence and icing, delivered by the 4DWxCube MET-GATE have been used to better anticipate the 
network sectors capacity and potential for overload. [38] 

 

Concept overview of MET contribution to VP-669: Close out Airport Integration through SWIM 

A meteorological data archive was been established to ensure weather scenarios were available to 
support the validation exercise execution (real-time simulation). WP11.2 provided deterministic 
numerical weather prediction (NWP) data as well as ensemble NWP data to enable probabilistic 
statements. This part of VP-669 used MET information in a simulation only environment using data 
from pre-defined case studies.[34] 

 

WP11.2 also provided Mode-S EHS derived MET observation including temperature profiles to be 
used for the validation campaign.  

 
Concept overview of MET contribution to VP-757: APOC Performance Monitoring and 
Management 

WP 11.2 contribution consisted of the delivery of METAR and TAF information for a specified airport 
and time period to support the complex simulation (18 June 2013); no enhanced or consolidated MET 
prototype was used. Initially, GRIB2 weather grids were foreseen to be used in the exercise to 
improve realism and granularity of the weather data used in the real-time simulation facility employed 
in this exercise. The requested weather grids (2 sets) matching the exercise scenarios were provided 
by WP11.2 but were in the end not used by the exercise.[13]  

 
Concept overview of MET contribution to VP-791: Use of Global ensemble wind forecasts 
(GEWF) within the fl ight planning process 

The VP791 validation exercise includes trajectory creation and flight planning, utilizing global 
ensemble weather forecasts as well as a comparison against real flown flights. In order to allow a 
validation exercise without a huge amount of development work upfront, the aim was to integrate 
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global ensemble weather forecasts into the regular trajectory optimization and flight planning process 
and to stick as closely as possible to current operational methods.[15] 

 
Concept overview of MET contribution to VP-811: Assess the operational need and principles 
of cockpit  integration for AIS/MET cockpit functions 

VP811 focuses on the benefits of up-linking MET information to on-board systems. [23] 

The objective of VP811 was to demonstrate a means to improve current situational awareness by 
uplinking AIS and MET information on board the aircraft before and during the flight. In addition 
provide pilots with new AIS/MET cockpit functions using these information to enhance performance of 
flight decision support tools and on-board systems.  

The VP811 is split in 3 sub-exercises: 

- EXE-09.48-VP-811: Assess the operational need and principles of cockpit integration for 
AIS/MET cockpit functions (Airbus) 

- “AIS on EFB” (Honeywell) validation test   

- “MET on EFB” (Thales) validation test   

 

The sub-exercise led by Airbus used SIGMET delivered without any SWIM consideration. The second 
sub-exercise, led by Honeywell, focused on AIS information and did not use any MET information.  

From an 11.02 perspective, only the third sub-exercise, led by Thales, is relevant. MET information 
delivered in this exercise includes nowcast of convection and forecasts of CAT and Icing. An early 
release of the 4DWxCube MET-GATE was also demonstrated in this exercise.  

 
Concept overview of MET contribution to TOPLINK Lot 1 – LSD01.01 & Lot 2 – LSD02.06 
The TOPLINK Lot 1 and Lot 2 projects have been using MET information provided by WP11.2 
through the MET-GATE into numerous demonstration exercises. 
The considered MET information is transferred from the MET-GATE to the TOPLINK platform through 
a set of SWIM Services: 

• METAR service 
• TAF service 
• SIGMET service 
• Airport MET forecast service  
• Airport MET observation service  
• MET Hazard EnRoute forecast service  
• MET Hazard EnRoute observation service  
• MET gridded forecast service  

This information is collected into the TOPLINK platform, and is used as follows: 
• Display (as a “MET layer”) on the integrated display (see Figure 1 below) 
• Generation of automatic alerts in case of forecasted conflicts between a severe MET hazard 

or a SIGMET and a flight (for Airlines profiles), a control sector (for FMP profiles), a SID, 
STAR, RWY, or platform (for Airport profiles) (see Figure 2 below) 

• Support to “what-if” mitigation scenarios (e.g. flight rerouting, sector capacity reduction, RWY 
configuration change, …) (see Figure 3 below) 

 



Project Number 11.02.02 Edition 00.02.0 
11.02.02-D36 - Meteorological Validation Report Contributions 

    22 of 113 
©SESAR JOINT UNDERTAKING, 2015. Created by EUMETNET Consortium for the SESAR Joint Undertaking within the 
frame of the SESAR Programme co-financed by the EU and EUROCONTROL. Reprint with approval of publisher and the 
source properly acknowledged. 

 
Figure 1 TOPLINK HMI: display of Flight & MET layers 

 

 
Figure 2 TOPLINK HMI:  display of a MET alert. 
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Figure 3 TOPLINK HMI: support to flight rerouting following a MET alert. 

 
These profiles are customized for the following exercises: 

• EXE 0101.D111: trial supporting AFR pilots in the cockpit 
• EXE 0101.D131: trial supporting AFR pilots in the cockpit (Paris CDG arrivals) 
• EXE 0101.D115: trial supporting BEL pilots in the cockpit 
• EXE 0101.D141: trial supporting Air Corsica pilots in the cockpit 
• EXE 0206.D211, 212, 214: : trial supporting ENAC general aviation pilots in the cockpit (pre-

flight, execution, and post-flight phases) 
 

• EXE 0101.D121: trial supporting DSNA FMPs (Aix and Bordeaux ACCs) 
• EXE 0101.D124: trial supporting Croatia Control FMPs (Zagreb ACC) 
• EXE 0101.D127: trial supporting Austro Control FMPs (Vienna ACC) 

 
• EXE 0101.D132: trial supporting DSNA Approach Supervisor and ADP Platform Supervisor 

(Paris CDG Airport) 
 

• EXE 0101.D115: trial supporting Brussels Airlines Fleet Managers (Brussels OCC) 
• EXE 0101.D142: trial supporting Air Corsica Fleet Managers (Ajaccio OCC) 
• EXE 0101.D146: trial supporting HOP! Fleet Managers (Nantes OCC) 
• EXE 0206.D213: trial supporting ENAC General Aviation Fleet Managers (Toulouse OCC) 

 
The 15 exercises are planned for execution between June and September 2016.[17][18] 
 
Concept overview of MET contribution to SWIM Master Class 2015 
 
The SWIM Master Class is a contest organised by EUROCONTROL every year since 2012. The 
purpose is to encourage ATM actors to become familiar with SWIM and to develop applications which 
apply the SWIM concepts. 
 
There are 3 categories of participants: 

 Developers of SWIM-enabled ATM applications 
 Developers of SWIM-enabled ATM information services 
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 Providers of SWIM infrastructures or services 
 
The intention of the contest is that SWIM-enabled ATM applications consume SWIM-enabled ATM 
information services. 
 
On the behalf of EUMETNET EIG, Météo-France in cooperation with DWD and UKMO, provided 
access to a set of services built in the framework of SESAR WP11.2.2 through the 4DWxCube / MET-
GATE. The proposed services relied on legacy MET products and 11.02 products: Radar Composite 
for 3D convection, Nowcasting of Convection, Icing Forecast and CAT Forecast. 
 
Concept overview of MET contribution to SWIM Global Demo 
 
The Global SWIM demo is a worldwide demonstration project with 3 main objectives: 

 raise SWIM awareness in a global context 
 Prove the interoperability of systems around the world 
 prepare the deployment of SWIM as SWIM is part of PCP 

Given the complexity of the project, the high number of systems involved and the limited timeframe, 
only legacy MET information is used in the project (TAF, METAR and SIGMET). They are delivered 
through the 4DWxCube MET-GATE.  
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Table 6: Expected outcomes of MET Contribution to exercises 

 

2.2.2 Benefit mechanisms investigated 
 
Benefit mechanisms of MET in VP513 
The influence of MET information on the predictability of De-Icing management is straightforward. 
The accuracy of the De-Icing weather class (DIW) influences to the accuracy of EDIT.  
Expected benefits from DIW are [10]: 

• Predictability: Better estimation of de-icing time of aircrafts and improvement of CDM 
process 

 
Benefit mechanisms of MET in to VP700 

Expected benefits from MET- NOP Integration are [12]: 

• Predictability: 
o Better estimation of traffic in specific TVs; 
o Insight in the distribution of flights in traffic volumes with areas of significant WX in the 

vicinity.  
•  Safety: 

o Proposal of RR to AO out of significant WX; 
o Avoidance (double control at planning level) of potential encounter of convective WX; 
o Contribution to less deviations of trajectory due to early knowledge of significant WX 

conditions. 
•  Fuel efficiency: 

o Contribution to realistic fuelling (including significant WX avoidance). 

 
Benefit mechanisms of MET in VP669 

forecast awareness, flight safety and flight 
efficiency 

TOPLINK METAR, TAF and SIGMET service 
Airport MET forecast service 
MET Hazard EnRoute forecast and 
observation service 

Demonstrate the benefits of using 
advanced new MET products in 
supporting tools for Traffic Flow 
Managers, Flight Dispatchers, Pilots, 
Airport Supervisors, in order to: 
- Optimize Airspace & Airports 

capacity 
- Increase IFR flights predictability 
- Reduce cost of flights for Airlines  
- Reduce Environmental impact 
- Improve flight safety 

SWIM Master 
Class 

METAR, TAF and SIGMET service 
Airport MET forecast service 
MET Hazard EnRoute forecast and 
observation service. 
MET gridded forecast service. 

Promote 11.02 products. Demonstrate 
the  utility, relevance, performance and 
ease of use of the MET services 

SWIM Global 
Demo 

METAR, TAF and SIGMET service 
 

Demonstrate the worldwide 
interoperability of the 4DWxCube MET-
GATE 
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It this exercise predictability more precisely means punctuality, which could also be used instead of 
predictability in the text covering exercise 669. 

From the start, P06.05.05 has focused on the Key Performance Area “Predictability” as a pre-requisite 
for benefits in other KPA’s. Under the assumption that predictability will be improved by the concept, 
the benefit mechanisms indicate possible positive impact on other KPA’s.  

The following Key Performance Areas (KPAs) have been listed as primarily relevant to EXE.06.03.01-
VP-669: 

 Predictability: 

o A better resources allocation resulting from the continuous monitoring of the airport 
performances and the selection of the Runway configuration more appropriate for 
the current operational and weather conditions is expected to lead to a more stable 
(and so predictable) surface traffic movements; 

o Availability of Relevant MET information on time as well as of the expected to 
positively impact on the stakeholders’ situation awareness increasing the 
predictability of surface movements. 

 Human Performance: 

o The provision of accurate, timely and complete information is expected to bring 
benefits to both stakeholders’ workload and situation awareness 

 Capacity: 

o A better resources allocation is expected to have a positive impact on the runway 
capacity shortage and, therefore, on the runway throughput. 

 

Related to MET, the exercise envisages the availability of MET services through the implementation 
of a SWIM Technical infrastructure (MET Information Exchange, SESAR Solution #35). The following 
MET Information Exchange benefit mechanism applies: 
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Table 9: List of KPIs for Airlines exercises 

 

 
Table 10: List of KPIs for ANSPs exercises 

 

Objective 
Identifier Objective KPA KPI Identifier KPI KPI unit

Airlines Objectives & KPÏs

OBJ-0101-110 Reduce extra fuel burn over an Airline 
fleet 

Efficiency  (Fuel) KPI-0101-110
Estimated fuel consumption increase due 
to unexpected adverse weather or 
airspace configuration changes

kg

OBJ-0101-210 Reduce extra cost over an Airline fleet Efficiency  (Cost) KPI-0101-210
Estimated cost increase due to 
unexpected adverse weather or airspace 
configuration changes

k€

KPI-0101-310D
Departure delays due to unexpected 
adverse weather or airspace configuration 
changes

mn

KPI-0101-310A Arrival delays due to unexpected adverse 
weather or airspace configuration changes mn

OBJ-0101-510 Improve passenger comfort in adverse 
weather conditions for an airline

Safety KPI-0101-510 Duration of severe turbulence encounter mn

OBJ-0101-610 Improve flight safety in adverse weather 
conditions for an airline

Safety KPI-0101-610 Duration of flight encounter with 
unexpected adverse weather mn

OBJ-0101-615
Improve flight safety through early 
distribution of arrival information in the 
cockpit for an airline

Safety KPI-0101-615 Number of arrival flights with late RWY 
allocation change 

Nb / time 
period

OBJ-0101-710 Reduce arrival delays over an airline 
fleet

Punctuality KPI-0101-710
Arrival delay vs schedule due to 
unexpected adverse weather or airspace 
configuration changes

mn

PredictabilityOBJ-0101-310 Improve predictability of flights for an 
Airline  

Objective 
Identifier Objective KPA KPI Identifier KPI KPI unit

ANSPs Objectives & KPÏs

OBJ-0101-120 Reduce extra fuel burn over an ANSP 
traffic flow 

Efficiency  (Fuel) KPI-0101-120
Estimated fuel consumption increase due 
to the implementation of Weather-related 
Scenarios & STAMs

kg

OBJ-0101-220 Reduce extra cost over an ANSP traffic 
flow Efficiency  (Cost) KPI-0101-220

Estimated cost increase due to the 
implementation of Weather-related 
Scenarios & STAMs, or to Weather-
related regulations.

k€

KPI-0101-320G Ground delays induced by unexpected 
adverse weather in the FIR mn

KPI-0101-320F In-flight delays induced by unexpected 
adverse weather in the FIR mn

OBJ-0101-420 Improve airspace capacity management 
for an ANSP 

Capacity KPI-0101-420
Estimated average capacity index (taking 
into account the un-usable sectors due to 
unexpected adverse weather)

%

OBJ-0101-620 Improve flight safety in adverse weather 
conditions for an ANSP

Safety KPI-0101-620 Duration of flight encounter with 
unexpected adverse weather mn

OBJ-0101-720 Reduce induced arrival delays over an 
ANSP traffic flow

Punctuality KPI-0101-720
Arrival delay vs schedule due to 
unexpected adverse weather or airspace 
configuration changes in the FIR

mn

PredictabilityOBJ-0101-320 Improve predictability of flights for an 
ANSP  
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Table 11: List of KPIs for Airport exercises 

 

 
Table 12: List of KPIs for General Aviation exercises 

 
Benefit mechanisms of MET in SWIM Master Class 
The SWIM Master Class 2015 benefits are expected in term of visibility and advertisement of the work 
done in WP11.2 
 
Benefit mechanisms of MET in SWIM Global Demo 
The SWIM Global Demo benefits are expected in term of publicity and advertisement of the work 
done in WP11.2 (enhanced MET prototypes distributed by MET-GATE). 

Objective 
Identifier Objective KPA KPI Identifier KPI KPI unit

Airports Objectives & KPÏs

OBJ-0101-130 Reduce extra fuel burn over an Airport 
traffic flow 

Efficiency  (Fuel) KPI-0101-130

Estimated fuel consumption increase  -
when due to unexpected adverse weather 
or airspace/RWY configuration changes 
over the TMA

kg

OBJ-0101-230 Reduce extra cost over an Airport traffic 
flow Efficiency  (Cost) KPI-0101-230

Estimated cost increase for Airlines-when 
due to unexpected adverse weather or 
airspace/RWY configuration changes over 
the TMA

k€

KPI-0101-330D

Departure delays  -when due to 
unexpected adverse weather or 
airspace/RWY configuration changes over 
the TMA

mn

KPI-0101-330A

Airport contribution to the arrival delays  -
when due to unexpected adverse weather 
or airspace/RWY configuration changes 
over the TMA

mn

Improve Airport capacity  KPI-0101-430D Index of actual use of the available 
capacity at Departure %

Improve Airport capacity  KPI-0101-430A Index of actual use of the available 
capacity at Arrival %

KPI-0101-630W Duration of flight encounter with 
unexpected adverse weather mn

KPI-0101-630G Number of Go-Around procedures due to 
unexpected adverse weather

Nb / time 
period

KPI-0101-630R

Number of arrival flights with late N/S or 
S/N rerouting due to unexpected adverse 
weather or Airspace/RWY configuration 
change

Nb / time 
period

OBJ-0101-730 Reduce induced arrival delays over an 
Airport traffic flow

Punctuality KPI-0101-730
Arrival delay vs schedule due to 
unexpected adverse weather or airspace 
configuration changes in the TMA

mn

Predictability

Capacity

SafetyOBJ-0101-630 Improve flight safety in adverse weather 
conditions for an Airport

OBJ-0101-330 Improve predictability of flights for an 
Airport 

OBJ-0101-430

Objective 
Identifier Objective KPA KPI Identifier KPI KPI unit

General Aviation Objectives & KPÏs

OBJ-0206-110 Reduce extra fuel burn for a GA 
operator

Efficiency  (Fuel) KPI-0206-110
Estimated fuel consumption increase due 
to unexpected adverse weather or 
airspace configuration changes

kg

OBJ-0206-210 Reduce extra cost for a GA operator Efficiency  (Cost) KPI-0206-210
Estimated cost increase due to 
unexpected adverse weather or airspace 
configuration changes

k€

KPI-0206-310D
Departure delays due to unexpected 
adverse weather or airspace configuration 
changes

mn

KPI-0206-310A Arrival delays due to unexpected adverse 
weather or airspace configuration changes mn

OBJ-0101-610 Improve flight safety in GA operations Safety KPI-0206-610 Duration of flight encounter with 
unexpected adverse weather mn

OBJ-0206-310 Improve predictability of flights for a GA 
operator 

Predictability
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2.2.3 Summary of Validation Objectives and success criteria 
 
WP11.2 does not validate its services, it only verifies them. The role of WP11.2 is to support the 
validation exercises using MET, listed at the beginning of Chapter 2, in achieving their objectives. The 
MET service prototypes are developed and verified based on end user’s requirements. However, it is 
the end user’s responsibility to choose which MET services are selected, and how they are used. The 
validation scenarios which have connections to MET contributions are listed as expressed in 
Validation Plans of each exercise. If for an exercise the Validation Objective Status is “OK”, WP11.2 
assumes, the selected MET Service provision is “OK” as well (even though this hasn’t been 
confirmed). A Validation Objective Status not having been assigned the status “OK”, might have been 
caused by inappropriate selection, use, or performance of MET Services, or by something else, and 
WP11.2 would be happy to assist addressing the issue concerning MET Services. In case WP11.2 
concludes that MET Services have not been the cause of the issue, this conclusion is clearly 
indicated (by “OK”) per validation exercise objective. 
 

2.2.4 Summary of Validation Scenarios 
MET Scenarios in VP513 

The applicable high level validation scenarios are listed below. Scenarios are judged to belong to the 
categorisation “normally used airports” in the Airport utilization scenarios category. The validation 
exercises will be executed during winter conditions; hence the Meteorological conditions scenarios 
“Icing conditions” and “Precipitation”. [6] 

Identifier SCN-06.02-VALS-MET1.0003 
Scenario Icing Conditions 
Status <In Progress> 
 
Identifier SCN-06.02-VALS-MET1.0006 
Scenario Precipitation 
Status <In Progress> 

Table 13: Validation Scenarios of 513 

 
MET Scenarios in VP700 
 
Two VP700 scenarios are MET-related. The first scenario describes the implementation of a STAM 
horizontal rerouting due to overload detection. In this scenario, the flow manager has to deal with the 
detection of an area of severe turbulence crossing the proposed route. The second scenario 
describes the impacts on the capacity when clear-air-turbulence has been reported in a given sector 
above a given flight level. 
 
Identifier SCN-07.06.01-VALP-0700.130 
Scenario STAM Horizontal Rerouting impacted by Significant WX 
Status <In Progress> 
 
[SCN] 
Identifier SCN-07.06.01-VALP-0700.140 
Scenario Significant WX impacts Capacity- FLCAP STAM 
Status <In Progress> 

Table 14: Validation Scenarios of 700 

 
MET Scenarios in VP669 

The following 3 scenarios are used in the VP-669 validation exercises as described in the VALP [33]: 
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Events to be included 

 

1. Selection of the uplinked weather layer on EFB 
a. Display of the uplinked weather layer on EFB 

 
 
Content of scenarios 
 
Several events were included per scenario. 
 
During one session (7h with the same flight crew), were played: 
- 1 scenario from flight preparation to end of flight, whose focus was on the use of all available MET 

information (METAR, TAF, icing, convection, Clear Air Turbulence, MET parameters around the 
airport) 

- 1 scenario in CRZ phase, whose focus was on convection information 
- 1 scenario in CRZ phase, whose focus was on Clear Air Turbulence information 

 
In Flight Preparation phase: there will be reception out-board of MET info on EFB. 
In CRZ phase: there will be reception on-board of MET info on EFB. 

 
Flight scenarios were based on autopilot flying to allow full attention to the checked system. 
The following conditions are expected to be tested, either individually or simultaneously: 

For the “Meteorological information on EFB for En Route” function : 

o Phenomena that were evaluated: METAR, TAF, Clear Air Turbulence, convection, Icing, 
MET parameter around the airport 

o Several type of severity 
o Phenomena encounter with FPLN or not (in 4D) 

 
The applicable high level validation scenarios are listed below. 
 
Identifier SCN-09.48-VALP-THA1.0001 
Scenario During flight preparation, Get and Check significant weather along Flight plan 

thanks to CAT, Icing and Convection. 
 
Identifier SCN-09.48-VALP-THA1.0002 
Scenario During flight preparation, Get and Check significant weather at FPLN airports : 

departure, destinations, alternates thanks to : METAR TAF 
 
Identifier SCN-09.48-VALP-THA1.0003 
Scenario During flight preparation, Get weather for take off computation thanks to : 

METAR, Departure temperature, pressure, wind forecasts 
 
Identifier SCN-09.48-VALP-THA1.0004 
Scenario During flight execution, Get and Check significant weather along Flight plan 

thanks to CAT, Icing, Convection 
 
Identifier SCN-09.48-VALP-THA1.0005 
Scenario During flight execution, Check new FPLN trajectory to avoid significant weather 

along FPLN thanks to : Convection 
 
Identifier SCN-09.48-VALP-THA1.0006 
Scenario During flight execution, Check new FPLN trajectory to avoid significant weather 

along FPLN thanks to : Convection 
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TOPLINK Impact on ATM operations has been analysed, assuming the provision of 
weather observation and forecast on:  
- Convection & lightning impacts  
- Clear Air Turbulences (CAT) 
- In-flight icing 
- Winter conditions on the ground 
In addition, regulatory MET information (METAR, TAF, SIGMET) is also 
provided as background information. 

SWIM 
Master Class 

N/A 

SWIM 
Global Demo 

N/A 

Table 19: Validation Assumptions 
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between the accuracy of timing of snow, sleet, freezing rain and 
estimated de-icing time (EDIT) is straightforward. So it is evident 
that when accurate DIW forecast improves, the EDIT may also 
provide more accurate business/mission trajectory predictability 
of The amount of that improvement was not calculated in the 
exercise, as to achieve this in the validation the MET 
contribution itself would have had to be assessed.  

700 Capacity  
Predictability 

The MET information that was used in VP700 enabled 
identification of weather that could impact on the ATM network. 
By identifying these with a graphical displays there was a 
reduction in hotspots as traffic was diverted around hazardous 
weather ensuring better predictability of location in space and 
time of aircraft in busy areas of airspace.   

669 Capacity 
Efficiency 
Predictability 
Environmental 
Sustainability 
Safety 

The use of deterministic and ensemble NWP around the airport 
revealed that WISADS displays relevant weather data (e.g. 
tailwind information, thunderstorm, fog, snow) earlier, in a more 
comprehensible and usable format than METAR/TREND/TAF.  
Consequently this improves predictability and safety. The 
situational awareness of the local MET conditions enabled 
simulation of a generic airport stakeholder in order to propose 
relevant decisions, e.g. change runway configuration, positive 
effect of capacity. 

757 Capacity No MET prototypes were involved in this exercise (only standard 
METAR/TAF data provision). Nevertheless, the second scenario 
involved a heavy thunderstorm (whereas only a light 
thunderstorm was forecasted); it would be interesting to know 
the impact of this ‘error’ in the weather forecast on e.g. KPA 
capacity. The VALR of EXE757 is however not yet available at 
the time of writing this document.   

791 Capacity 
Efficiency 
Environmental 
Sustainability 
Safety 

The validation exercise demonstrated a potential increase in fuel 
efficiency by the creation of statistical confidence values for over 
burn due to upper air weather. The use of ensembles to predict 
flight tracks also has the benefit of improved environmental 
impacts from the use of less fuel and ensures the safe path of a 
flight as greater situational awareness of pilots and ATC to avoid 
dangerous weather. 
The difficulty to create a direct relation between the trip fuel 
confidence and fuel efficiency is the fact that extra fuel is the 
sole discretion of the pilot in command. 

811 Efficiency The use of EFB can ensure an aircrew's workload can be kept 
on a stable level by providing them with up-to-date valid en-
route meteorological information on an EFB. By using the new 
functionality to manage several MET information types the flight 
crew can be sure that the most relevant information reaches the 
cockpit and provides for efficient flight routing. 

 

Table 23: Summary or Results per KPA 

The demonstration activities SWIM Master Class and SWIM Global Demonstration did not focus on a 
specific KPA. Their main purpose was the advertisement of the functionalities of the 4DWxCube – 
MET-GATE and the technical interoperability with ATM systems worldwide.   

4.1.3 Results impacting regulation and standardisation initiatives 
None directly, but this will be considered during deployment.  
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VP-513 managed to validate against its preferred weather type , in that the days of validation were 
chosen based on the weather forecasts.  
To accommodate multiple adverse weather phenomena occurring in a short time period, recorded 
weather data were used in EXE 669. However, a disadvantage of such an approach is that the time 
resolution of the forecast cannot be changed, and the impact of an adverse weather event may be 
restricted to the single time slot in which the event occurs. 
 
For exercises which utilised only a MET simulation, they were not validating a truly end-to-end 
process which included the generation of MET products and their delivery via MET-GATE. 
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5 Conclusions and recommendations 

5.1 Conclusions 
 
The various validations and demonstrations utilising MET information in SESAR1 have clearly shown 
the strong dependency all aspects of aviation have on weather and the vital role timely and accurate 
MET information plays in achieving optimum performance and predictability. The following paragraphs 
summarise these conclusions for each specific exercise or demonstration activity. 
 
Experiences of the MET contribution to VP513 indicates that by using enhanced winter weather 
prototype developed in WP11.2, the accuracy of de-icing weather type and specifically the timing of 
precipitation periods, will increase. Most benefits were to be gained 1-2 hours ahead which will 
improve the accuracy of estimated de-icing time, which in turn influences the predictability of the 
complete business/mission trajectory. The VP also found ways to further improve the winter weather 
prototype, such as to increase the ability to take into account the orographic and marine effects on 
winter precipitation. Using probability forecasts instead of deterministic would better describe the 
expected weather development possibilities more realistically and indicate the confidence or risk. 
Technically it is also possible to deliver probabilistic winter weather information; however it has not yet 
been demonstrated operationally. It is hoped this aspect of meteorological information will be better 
integrated in S2020 or SESAR Deployment.  
 
The MET contribution to VP700 involved provision of MET information for an ATC tool to monitor 
aircraft and identify potential hot spot locations.  

• The tool allowed viewing MET forecasts together with ATFCM measures (regulations and 
STAM) 

• The tool showed the different significant weather and the forecast evolution. 

o Supported with the forecast, NMOC and local units have more knowledge to support 
an informed decision taking. 

• The tool allowed to identify and mark the areas that required monitoring (WxAoI) 

o Areas directly affected by the weather and adjacent areas that could be used to 
download traffic (diverted flows) 

 
Experiences of MET the contribution to VP669 indicates that  

• Consolidated Mode-S data will be beneficial for enhancing the accuracy of local Airport MET 
products.  

• Because of the complex evaluation and due to the responsibility of the human decision-
making process, the MET information and probabilistic data, even if they are complex, are to 
be considered very necessary in order to take decisions on a forecast basis. 

• Individual scenarios using individual ensemble members could be used instead of a 
probabilistic approach. This technique could provide a more robust ‘what-if’ scenario 
approach. 

• The possibility to have forecast MET data may, in the future, allow integrated airport workload 
planning and improve the efficiency of the airport operations. 

 
Based on experiences of the MET contribution to VP757 no concrete conclusions can be made, since 
only standard METAR/TAF data has been provided in support of this exercise. It has demonstrated 
the need for S2020 projects considering APOC activities to better understand their dependency on 
meteorology and utilise the more comprehensive array of new MET solutions to maximise 
performance and safety. 
 
Experiences of MET contribution to VP791 indicate that ensemble wind forecasts can be utilised for 
trajectory planning tools. Their use can assist in ensuring efficient flight planning which can assist in 
safety and fuel economy by understanding the environment that an aircraft will pass through on its 
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cruse phase of flight. While there were not sufficient flights to form a mathematically robust analysis 
the initial results were very encouraging. 
 
Experiences of MET contribution to VP811 indicate that:   

• The validation itself had limitations. It did not use all relevant MET information that would be 
useful in the cockpit and there is significantly more that can be done to improve accessibility, 
display and understanding of the information (which had been outside the scope of WP11.02). 

• The validation exercise confirmed the need for display of the flight plan and of the aircraft 
position, along with a display of MET phenomena and information, to improve the weather 
situational awareness along the flight plan and during flight. 

• The involved Airspace users have also made a number of pertinent remarks and suggestions 
that should help improve the functional planning for the next phases of the project. Among the 
top requested improvement was to minimise the time to achieve a comprehensive briefing of 
the whole meteorological situation along the flight plan. In other words, enhancing the user 
interface, which was outside the scope of 11.02. A conclusion is that MET experts should 
have a role to play in designing the user interface. 

 
Experiences of MET contribution in SWIM Global Demo shows that MET information can be 
disseminated in a globally interoperable way by using MET-GATE services, but it is a complex issue 
to tackle. Technical interoperability for new MET services has yet to be successfully proven. [37] 
 
Experiences of MET contribution in SWIM Master Class indicates that MET information is key for 
many aspects of SESAR. It demonstrates that the solution proposed by WP11.2.2 is able to address 
the needs of various ATM applications.   
 
Preliminary experiences of MET contribution to TOPLINK indicates that: 

• The provision in real-time of MET hazards contours observation and forecast to ATC Flow 
Managers, Flight dispatchers, Pilots and Airport operators results in a qualitatively very 
significant added value for end-users. Moreover the consistency of the information between 
all stakeholders is greatly appreciated. Also the “seamless” character of MET information (in 
terms of geographical coverage), and its “generic” character (i.e. displayed per type of 
hazard, rather than per product or per MET Service Provider) is also greatly appreciated.    

• The absence of information on the confidence level of the provided information limits the 
operational use of such information, and prevents end-users, at the current stage, making 
actual operational decisions based on this new information 

• Live observations have resulted, in a large number of cases, in a good level of consistency 
between the MET information provided through the MET gate, and the actual weather 
situation. However some situations of divergence have been encountered. 

• Some artefacts in the operational information delivered to end users is created, due to the 
finite sampling of MET information, especially over time (e.g. wrong prediction of the 
time/place when/where a flight trajectory will intersect a hazardous MET area), and along the 
vertical axis (e.g. which operational Flight Levels are impacted, and which ones are weather-
free) 

• Some types of information are currently not provided, and judged by end users of high 
interest as soon as available, such as: 

o Observation and forecast of MET parameters on all airports of interest for an Airline 
(main and alternates), beyond the display of METARs and TAFs 

o  Forecast of visibility conditions on airports 
 
Analysis of the results of MET contribution to these validation exercises and Large Scale 
Demonstrations show that the use of enhanced MET products in future ATM can bring significant 
added value for end users and has potential to increase the predictability of business/mission 
trajectory, improve situational awareness of all stakeholders, and improve flight efficiency. This could 
have a positive effect on the safety, capacity and fuel efficiency of aviation in Europe. 
 

5.2 Recommendations 
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The high level recommendations stemming from all validation and demonstration activities undertaken 
by 11.02 can be summarised as follows: 

a) MET considerations, dependencies and solutions need to be incorporated into operational 
project planning from their inception – it is very difficult to materially modify project premises 
and plans part way through their development. 

Recommend: for S2020, the SJU should consider a more forthright approach to encourage 
operational projects to include appropriate MET information services and to coordinate more 
effectively with MET experts to determine how this can be achieved.  

b) While not a technical consideration, to enable the desirable technical innovations across 
aviation with the use of MET strong guidance from SJU towards operational projects which 
have a dependency on MET is essential; fostering a more comprehensive approach to solving 
ATM problems. This will avoid a tendency from some projects to concentrate on solving a 
‘pure’ ATM issue without consideration of ‘real-world’ realities, such as adverse weather. 

Recommend: for S2020, the SJU should ensure MET expertise is embedded within those 
projects with a strong dependency and that addressing this dependency is not viewed as an 
“optional extra”, but as a fundamental and essential consideration. Validations in S2020 
should be at a level of maturity whereby more comprehensive end-to-end processes are 
demonstrated (encompassing the delivery of real-time MET information services). 

c) The way in which MET information is physically used i.e. the interface or graphics employed 
by the end user, must be universally considered. This is also important from the perspective 
of demonstrating the capabilities of MET information services. A picture is a far more 
persuasive and effective tool than a data file, especially when trying to encourage more 
widespread consideration of the new MET tools or information that are available. 

Recommend: For all S2020 instances of MET information being used, SJU should ensure 
that attention be given to whether visualisation is required. An option to produce “generic” 
visualisation could be considered for P18.04, but specialist tailored applications would need to 
be addressed at user project level. 

d) Validation exercises which encompassed MET information (with the exception of VP791), did 
not consider the overall performance gains achieved by the MET component of their exercise. 
In order to fully understand the dependency and CBA for MET in each project, there needs to 
be greater consideration of analysing this dependency in detail. MET has been verified in 
terms of meeting requirements, including accuracy, but further work is required to evaluate 
specific performance benefits to the end-to-end system as a result of integrating enhanced 
MET information services.  

Recommend: It would be helpful for validations in S2020 to analyse more closely, perhaps 
through ‘what-if-scenarios”, the role MET information has. In particular, information is required 
from validations on the performance benefit achieved from integrated MET information. 

e) Specific resource needs to be assigned to provide operational projects with MET expertise to 
assist in designing their prototypes and corresponding validation exercises or demonstrations. 
In this way, solutions which encompass ‘real-world’ issues such as weather can be given 
prominence in a more realistic exercise. This will ensure solutions are not developed in ‘silos’, 
instead demonstrating more mature and comprehensive results that are ready for 
deployment. 

Recommend: For S2020, MET expertise should be available to operational projects and SJU 
need to ensure that MET solutions are included where relevant and not treated as an 
“optional extra”. It is of particular importance to ensure that 11.02 prototypes are made 
available for integration and use within S2020 validations, through the inclusion of 
EUMETNET EIG and the participating National Meteorological Services (NMS). 

 

Recommendations, specific to individual exercises and demonstrations are as follows: 

Based on MET contribution to VP513 it is recommended to develop ATM decision making procedures 
to use probabilistic forecast in close co-operation with MET service providers in SESAR2020 and 
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SESAR ER projects. It shall be mapped also other actors in Local, Sub regional and Network levels 
who would benefit from winter weather forecasts and apply appropriate products to their use to 
increase the runway throughout, flight efficiency and safety. Useful MET Winter Weather Products to 
aviation are: 

• Local De-icing Index to main airport in Europe for de-icing management use 

• Winter weather index to main airports in Europe for ATM use in all levels from local to 
Network 

• Local runway state forecast for runway maintenance and Apron use. 

 

The MET contribution to VP700 was the provision of MET information into a visualisation tool used by 
ATC. The recommendations from the validation relate to the way that data is visualised in the tool 
(e.g. filtering by FL, or aircraft type, use of contours, inclusion of jet stream and SIGMET impact 
assessments) all of these weather types were provided by the MET-GATE and as indicated it is for 
the users to visualise the information appropriate to them.  

 

Based on the MET contribution to VP669 it is recommended that: 

• To increase the communication and clarification of the necessary parameters for all scenarios in 
advance and for operational use 

• During the simulation in the exercise for adverse weather conditions due to fog, it was detected 
that part of the necessary data (e.g. forecasted visibility, parameter adverse condition, all 
probabilities, though ensemble data were available) were unavailable and that the representation 
on time scales needed to be improved. 

• To develop the display and use of probabilistic MET information.  

• To enhance the units and scales for MET parameters such as wind speed, temperature and 
others. During the exercise it became evident that the display accuracy of some parameters was 
not suitable. 

• It is recommended to place further emphasis on 

o Probabilistic adverse conditions forecast 

o Probabilistic Thunderstorm Forecast 

o Probabilistic LVP forecast 

o (Probabilistic) snow forecast 

o (Probabilistic) de-icing category 

 

Based on the MET contribution to VP757 no real recommendations can be made. Reason for this is 
that only standard METAR/TAF data had been used in this exercise. 

 

Based on the MET contribution to VP791 it is recommended that further research into GEWF is used 
with additional live flight trials (such as part of the V3 validation exercises) and a move towards a fully 
automated process will be of benefit. The long term implements to ensemble prediction, particularly in 
relation to vertical model levels available, will also assist in demonstrating the befits of ensemble 
trajectory prediction. 

 

Based on the MET contribution to VP811 it is recommended for the next phases to perform some 
evolutions of MET on EFB for ENROUTE functions to reach the identified validation objectives. The 
main efforts should focus on the improvement of the time for the user to get the awareness of the 
whole meteorological situation along the flight plan and the availability of all the functions with a good 
level of maturity. 
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Based on the MET contribution to TOPLINK it is recommended that, in order to enable actual 
decision-making processes, and to reach the targeted improvements on ATM-related KPIs: 

• further improvements have to be implemented in the provision of MET hazard  information 
(object contours), such as : 

o To ensure a seamless observation/nowcast/forecast horizon from 0 to 3 hours (at 
least) , or even 6 hours (desired) for all MET hazards products (Cb, CAT, Icing) 

o To improve the vertical resolution of MET hazards objects (possibly through data 
interpolation)  to ensure that significant information is provided for each authorized 
Flight Level (i.e. at least 1000  ft resolution) 

o To improve the time resolution of MET hazards objects (possibly through data 
interpolation)  to avoid discontinuities and artefacts in the monitoring of weather 
conflicts with flight trajectories and alerts (i.e. typically 5 mn resolution) 

• A better understanding and control of the validity of MET hazard information is required, 
namely: 

o In addition to the information itself, to provide e.g. a “confidence index” (e.g. 100% 
for an observation, and a value derived from probabilistic or ensemble information, for 
the forecast) 

o  In order to “calibrate” this confidence index, to execute large scale calibration 
campaigns using e.g. aircraft /pilot observations. Such campaign could be used to 
deliver a “MET Data Quality” label enabling the usage of such information into ATM 
decision–making processes. 

• Some additional dedicated MET products should be provided to ATM and Airspace users 
such as: 

o Systematic provision of observation and forecast airport MET parameters on 
(virtually) all aerodromes used by commercial and general aviation  

o Observation and forecast of visibility conditions on the ground (mainly at airports) 
o Observation and forecast of contours of areas with high winds (en route , or in 

terminal airspace) 
o High resolution observation and nowcast of wind fields in terminal airspace 

 

Technical interoperability of MET-GATE as a way to disseminate MET information which has been 
successfully proven in SWIM Master Class 2015 and SWIM Global Demo and it is recommended to 
use that in all future MET information dissemination. 

In the future SESAR 2020 and SESAR Deployment Manager will be able to take forward the 
experiences from SESAR1. In particular from these validation projects there is clear need of 
probabilistic weather forecasts in future ATM procedures and tools and that any tools should be easy 
for users to understand and use in an operational environment. The uses of MET information have 
traditionally struggled to fully utilise weather information due to many reasons (e.g. not suitable for 
purpose, time scales, fundamental understanding, etc) this became evident in some of the Validation 
Projects where the impact of MET was either ignored or only OPMET data was requested. In 
SESAR2020 the SJU can assist the LVP planning by highlighting the transversal projects that can 
assist them having a complete and well rounded project. 

It is recommended that additional work on MET prototypes for SESAR2020 be continued and that 
MET considerations should be made early on in any panning stages of a project. This will ensure 
continued customer engagement on the solutions required for the wide range of ATM users will cover 
the variation in requirements that they have.  

These validation exercises indicate that MET contribution will be even more important in SESAR 2020 
than it has been in SESAR 1. We should learn from the experiences of SESAR1, that MET should be 
involved in the projects in their early phase for effective validation planning in SESAR 2020. 
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+165 min 60% 20-59% 

+180 min 60% 20-59% 

Table 26: The thresholds of probability distribution of DIW 2015 winter [11] 

An example of probabilistic DIW values is shown in Table 27, which presents values calculated from 
the radar image in Figure 7. 

9:15 UTC time DIW=0 DIW=2 DIW=3 

obs 26/03/15 0.00 0.54 0.46 

+15 min 26/03/15 09:30 0.00 1.00 0.00 

+30 min 26/03/15 09:45 0.00 0.99 0.01 

+45 min 26/03/15 10:00 0.00 0.81 0.19 

+60 min 26/03/15 10:15 0.00 0.74 0.26 

+75 min 26/03/15 10:30 0.00 0.76 0.24 

+90 min 26/03/15 10:45 0.00 0.81 0.19 

+105 min 26/03/15 11:00 0.01 0.94 0.05 

+120 min 26/03/15 11:15 0.02 0.97 0.01 

+135 min 26/03/15 11:30 0.08 0.89 0.03 

+150 min 26/03/15 11:45 0.16 0.75 0.08 

+165 min 26/03/15 12:00 0.35 0.58 0.07 

+180 min 26/03/15 12:15 0.56 0.37 0.07 

Table 27: Probabilistic DIWe values [11] 

In that case:  

 +60 min forecast DIW value is 2, because the probability of class 3 (26 %) is below 60 %, but 
the probability of class 2 (74 %) is above it. 

 +180 min forecast DIW value is 1, because the sum of probabilities of class 3 and class 2 are 
below 60 % and the temperature and humidity show risk for frost.  

 

6.1.2 Conduct of Validation Exercise 

6.1.2.1 Preparations to MET contribution 

The delivery method of the DIW observations and forecasts to the DIMT was agreed on with the 
Telespazio and P06.02.02. The message including the DIWe observation and +3 hour forecast at 15 
min time steps delivered to Telespazio was delivered via internet connection. The product was 
updated every 15 minutes  
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Technically delivery was organized by simple REST type Web http-interface. 

Web request (icaoId=Icao_Code) from Telespazio to FMI and Response from FMI Web-server to 
Telespazio was like (Timestamp;DIW value): 

2015-03-03 04:00:00;1  
2015-03-03 04:15:00;1 
2015-03-03 04:30:00;1 
2015-03-03 04:45:00;2 
2015-03-03 05:00:00;2 
2015-03-03 05:15:00;2 
2015-03-03 05:30:00;3 
2015-03-03 05:45:00;2 
2015-03-03 06:00:00;1 
2015-03-03 06:15:00;1 
2015-03-03 06:30:00;1 
2015-03-03 06:45:00;1 
2015-03-03 07:00:00;0 

The 4DWxCube prototype was not used because it was not available at the time. 

6.1.2.2 MET contribution execution 
 
In the reference scenario, de-icing coordinators used the MET services available normally at the 
airports. That meant mainly METAR observations and TAF forecasts were used. No specific De-Icing 
Weather (DIW) product was available. 
In the solution scenario, de-icing coordinators used DIMT in de-icing management and DIMT includes 
the specific De-Icing Weather information. Principally DIMT took into account forecasted DIW, but it 
was also visible for de-icing coordinators. 

The application that delivered the numerical values of DIWs to DIMT was tested together with 
Telespazio. Service started on 11 February 2015 and ended on 31 March 2016.  

The MET information was to be provided to Helsinki and Stockholm. Helsinki was replaced by Oslo 
after the MET contribution plan had been published.  

The winter 2014/2015 was uncommonly warm and during the days of the scheduled validation 
experiment the weather conditions requiring de-icing were few. Only some cases from Oslo could be 
used, and none from Stockholm. That is why the EXE continued during winter 2015/2016. This is the 
reason why the deliverables 11.02.02 D34 Validation Report Contributions in support of Release 3 & 
4 were never published, but will be combined into 11.02.02 D36 Validation Report Contributions in 
support of Release 4 & 5, which was published 30/6/2016. 

The feedback from de-icing personnel about DIW was scant. Task 11.02.02.03 did not receive any 
answers for the common questionnaire during winter 2014/2015; during 2015/2016 three answers 
were received from Stockholm.  

6.1.2.3 Deviation from the planned activities 

During the winter of 2014/2015 the de-icing coordinators stated that DIWe slightly underestimated 
DIW classes in situations with snow. Also, some confusion arose from value 1 forecasts in cases with 
a low probability of snow, because it indicated frost, not snow.  

This was the reason why during the winter of 2015/2016 the “one class lower” classification wasn’t 
used and the thresholds of forecasted DIW classes were modified as presented in the table below: 
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Figure 8 Hit rates for DIWe and DIWt at Oslo Gardemoen. 15 min-180min forecast time. 

 

 
Figure 9  Hit rates  for DIWe and DIWt at Stockholm Arlanda. 15 min-180min forecast time. 

 

Based on the average values of DIWe and DIWt it can be concluded that DIWe improves the quality 
of the MET information. During verified period the class 0 (no-deicing need) cases dominates. To get 
more precise information about the quality DIWe in the days of de-icing weather exists, it was 
analysed case studies of the days of planned validations.    
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6.1.3.2 Analysis of MET contribution Results 
 
DIWe and DIWt were compared to each other. The DIW’s were calculated for airports ENGM (Oslo 
Gardemoen) and ESSA Stockholm Arlanda for 1 February – 31 March 2015. 24 hours, 7 day per 
week measurements were used in that verification study.  Most of that time DIW was in class 0. 
Conclusions of verification is presented in Chapter 6.1.3.1 
 
Also the usefulness of enhanced MET was investigated by making case studies of individual days, 
when validation has been ran or planned to be ran. Every individual forecast have been analysed 
during these days and reasons for the cases of DIW value forecasted to wrong class declared. 
Conclusions of that is presented in Chapter 6.1.3.1 
 
After exercise feedback was requested and conclusions documented when then they had been 
recived.  Answers to questionnaires were analysed. Results user feedback is presented in Chapter 
6.1.3.1 

6.1.3.2.1 Unexpected Behaviours/Results 
None. 

6.1.3.3 Confidence in Results of MET contribution 

6.1.3.3.1 Quality of MET contribution Results 
 
Amount of data used to study the benefits of enhanced MET to de-icing management is limited such 
that statistically significance is low. Yet the case studies show some of the properties of DIWe. 
 

6.1.3.3.2 Significance of MET contribution Results 
The amount of user opinions is limited such that  strong general conclusions cannot be made. Also 
the verification time period could have been longer and amount of situations, when de-icing is needed 
more numerous to give more precise results and stronger conclusions. 
 

6.1.4 Conclusions and recommendations 

6.1.4.1 Conclusions 
The MET contribution to the experiment was found useful. FMI delivered the DIW forecast directly to 
DIMT. The system’s technology worked as planned. DIMT used DIW for de-icing management, but 
de-icing coordinators also checked the DIW numerical values.  

De-icing coordinators felt that one numerical value as the only weather product is not sufficient for 
them. They desired additional graphical information about the weather to see how the DIW values 
were reached. 

 

It was suggested that past weather should also be included in DIW. This should be included in the 
DIMT operations. Close co-operation between MET and DIMT developers is needed for the DIW 
forecasting system and DIMT to work together seamlessly. 

A two-month systematic verification in Stockholm and Oslo airports in winter 2015 showed that 
enhanced winter weather information predicts the de-icing weather class more accurately than TAF 
information.  
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Detailed case studies showed that using weather radar information as a part of enhanced winter 
weather improves the timing forecast of snow or sleet for the first 1-2 hours. The cases also revealed 
some limitations of the prototype DIWe: 

• After two hours’ forecasting time tools other than weather radar are needed to improve the 
DIWe forecast. Numerical Weather Prediction (NWP) products could be a solution. 

• Thresholds of heavy/moderate snow are not always “correct”. The DIWe used in this 
experiment was deterministic, but the nature of the forecast is probabilistic. Probabilistic 
DIWe forecasts can be developed, but that kind of information in DIMT would be processed 
differently from the current methods.  

• It is not always possible to forecast the movement of radar echoes correctly when using 
NWP wind at a fixed level as a steering wind. Other methods for extrapolating the 
movements of radar echoes should be adopted. 

• Mountains and open sea nearby affect the amount of precipitation, which may lead to wrong 
DIWe forecasts for airports near them. This issue needs further study. 

 

6.1.4.2 Recommendations 
 
Enhanced probabilistic Winter Weather Information can be created, but ATM can’t at the moment use 
it in their decision-making procedures. By nature, interpretation of probabilistic forecasts is a 
challenge for human users, but natural for automatic decision making systems (e.g. with cost-loss 
approach).  It would a beneficial area for applied research in SESAR 2020 project. To get successful 
results a close co-operation is essential.  
In that exercise Enhanced Winter Weather information was used only for de-icing management. 
There exists many other procedures at local and network level, which will benefit that. These are 
worth more research in SESAR 2020 and in Exploratory Research. 
There exist still possibilities improve Winter Weather forecasting capacity. Especially local effects 
need more attention. These are also areas of Exploratory Research projects. 
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6.2 Validation Exercise #700; MET Contribution Report 
The Content from this section can primarily be gained from the and P13.02.03 VP 700 Validation Plan 
[12] and P07.06.01 VP 700 Validation Report [38] 

6.2.1 Exercise Scope and MET Contribution to support it 
The VP700 focuses on the application of Short Term ATFCM Measures (STAM). 

Tactical traffic regulations as currently applied by the NM limit the traffic entering a sector through the 
systematic allocation of departure slots to all concerned flights, regardless of how they contribute to 
the expected overload.  

This process, remaining valuable in case of major imbalance, turned out to be not optimal when the 
demand does only slightly exceed the available capacity. 

Short Term ATFCM Measures (STAM) consist in smoothing the sector workload by reducing traffic 
peaks using short term measures such as small ground delay, flight level capping or small re-routings 
applied to a limited number of flights. Already this can make the traffic less complex for ATC. 

The effective application of STAM requires an improved information quality for traffic forecast.  

The contribution of WP11.2.2 to VP700 is to provide MET hazards forecasts to the NMOC (Network 
Management Operations Centre) in order to assist the process of STAM creation. 

 

6.2.2 Conduct of Validation Exercise 

6.2.2.1 Preparations to MET contribution 
 

Clear-Air turbulence forecast, icing forecast and convection forecast have been delivered to the NOP 
through the MET-GATE SWIM services. X1.4, X1.5, X1.7 and the MET-GATE have been used in 
VP700.  

MET information has been provided as gridded data for several flight levels. A processing has been 
applied in the MET-GATE to cover special needs of the NM in term of granularity (5km*5km). 

 

The MET situation monitoring has been done through a standalone tool dynamically updated with 
significant weather coming from the 4DWxCube. It allowed the operator to estimate significant 
weather when applying STAM measures. The overall process is as follows: 

• Significant weather phenomena will be displayed as “MET cubes” on the map 

• In D-day NMOC identifies areas where eventual tactical measures (e.g. STAM measure) may 
be necessary and are or will be affected by significant weather. 

• NMOC highlights those areas for monitoring (evolution of hotspot and Significant weather). 

• Through the available process, NMOC seeks information on the local impact (potential 
capacity reduction within a certain time. 

• NMOC may trigger the STAM implementation through the usual coordination process. 

 

Characteristics of the MET monitoring display: 

• Each significant phenomenon i.e. Turb/Con/Icing can be enable/disable 

• Cubes symbols are depicted in yellow (light), orange (medium) and red (severe) on the map 
for each phenomena. 

• Regulations and STAMs are shown as well as SIGMET data 
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impact assessment, supported by the weather information, and can also identify the impact which is 
communicated to the Local LTM 

Detection and negotiation (-2 hours) 

LTM MUAC detects and creates a hotspot in MASxx. To resolve it MUAC creates first in proposal, 
STAM horizontal rerouting to offload MASxx. In its coordination with the affected LTM NATS, the latter 
detects an impact as the rerouted flights would cross an area of severe turbulences. In parallel, 
NMOC has got notified of the hotspot creation and subsequently of the creation in proposal of the 
STAM horizontal rerouting. NMOC performs the impact analysis of the proposed STAM in the 
Network, considering significant weather as well as EC and OC methods as usual.  In the impact 
analysis NMOC also identifies the area of severe turbulences that would be crossed. 

Implementation (- 1 hour) 

LTM MUAC modifies the STAM rerouting to avoid the turbulences as indicated by NATS.  The 
modified measure is checked against by NATS that agrees and finally the measure is promoted to be 
implemented. 

Post- Implementation Monitoring and Observation 

LTMs and NMOC monitor using the local tools and the NM weather display respectively the evolution 
of forecasted turbulence.  

LTM and NMOC monitor the effectiveness of the implemented measure, in order to adjust, and 
optimise ATC protection and flight efficiencies and minimise delays 

The NM weather application   gets updated by weather observations by 4DwC. The display confirms 
the occurrence of the forecasted turbulence.  

Significant WX impacts Capacity- FLCAP STAM 
Identifier: SCN-07.06.01-VALP-0700.0140 

This particular scenario describes actions taken when Clear Air Turbulence has been reported by the 
National MET Service Provider above FL290. A level cap measure is required to present an A/C into 
a different sector to that originally planned. 

Monitoring (D-1 to D Day) 

The LTM maintains a general picture of weather at D-1 and identifies clear air turbulence, which may 
result in a reduction in ATM capacity within their area of responsibility. On the D Day, the LTM informs 
NMOC (via information sharing on the NOP or phone call).  

NMOC identifies the reported air turbulence on the NM weather application, creates a weather Area 
of Interest –WxAoI- and changes the contour of the WxAoI to green to indicate active monitoring. 
Initiate (– 4 to 3 hours) 

New weather forecast is published by 4DwC and updates the NM weather application which confirms 
the turbulence CAT above FL290. NMOC monitors the load on the affected area. 

The LTM identifies at 4/3 hours a potential period of excessive demand/workload within the sector 
family group where capacity may be reduced due to this phenomena. Situation is monitored and 
measures are left until approximately 1.5 to 1 hour before EOBT to assess the maturing weather 
situation. 

Negotiate (- 1.5 to 1 hour) 

The LTM carries out an initial assessment and concludes to create a STAM level cap rerouting. 
NMOC gets notified that the STAM has been created in state proposal. After the M-CDM coordination 
with relevant actors (FM, ATC, and Airspace Users) the STAM measure is agreed.  

Implement (- 1 hour to 30 minutes) 

The STAM measure is promoted to implementation. NMOC gets notified that the STAM has been 
promoted to implementation.  
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6.2.3.1.2 Results per KPA 
 

As stated in 07-06-01 VP700 VALR [38], The VP700 ECTL/DSNA sub-exercise did not foresee 
coverage of performance related objectives.  

6.2.3.1.3 Results impacting regulation and standardisation initiatives 

The results of the shadow mode trial shall impact neither the regulation, nor standardisation initiatives. 
However, as the STAM concept is part of the PCP package, a list of recommendations is provided for 
future evolution of both the concept and the tool (for the V3/V4 maturity phase).  

6.2.3.2 Analysis of MET contribution Results 
 
VP700 demonstrates the benefits of the MET integration in ATFCM tools especially when creating 
STAM proposals. The map functionality of the tool under validation allows viewing weather forecasts 
together with the areas subject to ATFCM measures and also has a functionality that allows viewing 
weather forecasts together with areas subject to ATFCM measures. .  An example of this Map is 
shown below in Figure 13. 

 

 
Figure 13 : Weather forecasts subject to short term planning ATFCM measures 

 

According to the weather phenomena, the tool allows to mark an Area of Interest, for monitoring 
airspace where traffic may ask for vertical change.  

This kind of displays may add information for the relevance of the most suitable traffic to be chosen 
for a given STAM. (RR or Flight Level capping) and its likelihood to face significant weather 

In Figure 14, one sector, LFBBP3 is identified for monitoring; as due to the weather phenomena, 
traffic may ask for descending. 
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6.2.3.3 Confidence in Results of MET contribution 
The quantitative data is judged to be of reasonable quantity and good quality.  

Considering the relatively small scope of the exercise, the level of statistical significance is rather 
limited. 

 

6.2.4 Conclusions and recommendations 

6.2.4.1 Conclusions 
• The tool allowed viewing weather forecasts together with ATFCM measures (regulations and 

STAM) 
• The tool showed the different significant weather and the forecast evolution. 

o Supported with the forecast, NMOC and local units have more knowledge to support 
an informed decision taking. 

• The tool allowed to identify and mark the areas that required monitoring (WxAoI) 
o Areas directly affected by the weather and adjacent areas that could be used to 

download traffic (diverted flows) 

6.2.4.2 Recommendations 
 
In the exercise, the only MET information used to identify the sectors that would need to be overload 
is the hazards forecasts. A recommendation is to add more MET information in the calculation of the 
weather network impact assessment: 

• Jet Streams phenomena 
• SIGMET 

 
A B2B service providing the weather network impact assessment would have an interest for control 
centres.  
Another recommendation is to make the application more proactive and able to inform the operator 
(NMOC) of a network situation that according to one or multiple criteria deserves attention and 
possibly an action.  
The alerts will consider several parameters contributing to traffic demand like density (entry counts or 
probabilistic counts), initial complexity (determined by flows or city-pairs), weather, reservation areas 
status with their different weights and the thresholds to compare to capacity. 
From a MET perspective, the web services allows to user to configure a subscription accordingly to a 
severity level. The MET contribution to this recommendation would be to advertise this functionality 
and support the MET services users.  
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6.3 Validation Exercise #669; MET Contribution Report 
The content for this section is derived from 06.03.01 EXE-669 Validation Plan [33] and 06.03.01 EXE-
669 Validation Report [34]. 

6.3.1 Exercise Scope and MET Contribution to support it 
Scope is described in Chapter 2.1 

6.3.2 Conduct of Validation Exercise 

6.3.2.1 Preparations to MET contribution 
Use of Mode-S Enhanced surveillance data 
In order to provide the best MET data, Mode-S EHS surveillance data was used. Determining the 
impact of the high quality of such MET data on EXE 669 is considered very complex, WP11.2 
considered a sub-problem: quantify the impact of the use of Mode-S Enhanced surveillance data, 
assimilated in nowcasts, on trajectory prediction. At a later stage, this work could be continued by 
considering TP based Decision Support Systems, and then the EXE 669 situation. 
 
Thus, in WP11.2, an initial comparison was made to determine to which extent using Mode-S 
EnHanced Surveillance (EHS) data in weather prediction affects flight time estimates produced by TP. 
The tests comprised part of inbound flights to Amsterdam Airport Schiphol, from FIR entry to IAF, and 
the impact of the predicted wind on ETO@IAF, the Estimated Time the aircraft flies Over the Initial 
Approach Fix. The test data represent times during the day at which there is a lot of traffic within the 
Schiphol area able to downlink Mode-S EHS data. 

See Figure 15 for three descent trajectories, in red colour, in the Dutch FIR, one flight (no. 1) coming 
from the south over IAF “RIVER”, and two (no. 2, resp. no. 3) coming from the east over IAF “ARTIP”. 
Trajectories no. 1 and no. 2 represent standard arrival routes (STARs) actually used for inbound 
traffic to Schiphol. 

 
Figure 15 Three trajectories inbound to Schiphol, drawn on a map. 

For each of the three trajectories, a comparison was made between ETO@IAF calculated by TP 
using standard meteorological forecast data, versus ETO@IAF when using nowcast enhanced with 
assimilated Mode-S surveillance data. The meteorological data had been supplied by KNMI for 10 
different days in 2015. Each standard meteorological dataset contains six hourly updates, thus 4 
updates per day, while each update contains seven deterministic predictions: one nowcast and six 
predictions for 3, 6, 9, 12, 18 and respectively 24 hours in the future. Each nowcast data set 
enhanced with assimilated Mode-S data contains hourly updates, totalling to 24 updates per day. 
Each update contains 55 predictions: for the first six hours, one per 10 minutes, and beyond six 
hours, one per hour. Figure 16  illustrates a typical difference between the two sets. 
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To understand the difference of the validation requirement status of VALR 669 and the evaluation of 
the MET contribution the report of P15.04.09c confirms: “The COSMO-EPS and the Mode-S data 
have not been used due to the fact that the data came quite late with respect to the end of 
development tasks and there was not enough time to implement the whole processing chain up to 
alert and display in WISADS prior to the exercise. It should be noted, that the deterministic forecasts 
were sufficient to validate the V3 concept and that these data, especially the ensemble data, will be a 
vital ingredient for the future of impact assessment of weather on ATM processes.” [35] 

6.3.2.2 MET contribution execution 
Content of MET contribution is described in Chapter 2.2.4 

6.3.2.3 Deviation from the planned activities 
N/A 

6.3.3 MET contribution Results 

6.3.3.1 Summary of MET contribution Results 

6.3.3.1.1 Results on concept clarification 

High-resolution deterministic and ensemble model forecast data, including downlinked Mode-S EHS 
data, timely available and sufficiently accurate (e.g. updated every ten minutes) is beneficial to 
enhance airport collaborative decision making. 

6.3.3.1.2 Results per KPA 

The following conclusions are based on VALR 669 [34]: 

Human performance 

 It was concluded, that the MET information used in the solution scenarios is broader in scope 
compared to what is currently available, and it enables better planning. For instance, there 
was an enhancement of information sharing between APOC stakeholders derived from the 
MET alerts and warnings provided by decision support tools, and it also provided updated 
MET data for runway management tools. Therefore, the results indicate that the system 
tested in exercise 669 did improve situational awareness with respect to the status quo. The 
increase of situational awareness gives benefits also in terms of Safety. 

 
Capacity 

 The impact of the meteorological event on capacity appeared to be restricted to a single time 
slot where the event happened, and as a consequence it was not possible to show the event 
evolution. 

 
Airport Efficiency 

 It was concluded that the possibility to have forecast MET data can, in the future, allow 
integrated airport workload planning and improve the efficiency of the airport. 

Punctuality 

 The impact of the meteorological event on punctuality was restricted to a single time slot 
where the event happened, and consequently it was not possible to show the event evolution. 

 
Departure Delay 

 MET data provided for testing delay appeared to suffice.   
o Delay was observed in all tested weather conditions and measured as the difference 

between scheduled off-block time (SOBT) and estimated off-block time (EOBT) or 
actual off-bock time (AOBT), when the latter was available.  
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o These delay indicators were shown on the HMI, and were applicable to the fog event 
scenario.  Peak delay and average delay could be observed during the period where 
the system detected the fog condition. 

 
Safety 

 The validation exercise did not show a direct positive impact on safety, but it was 
demonstrated that the usage of ensemble weather forecasts provide a realistic picture of the 
uncertainty in weather which can be used to improve the situational awareness of pilots and 
ATC to avoid dangerous weather. The increase of situational awareness also gives benefits in 
terms of Safety. 

 

6.3.3.1.3 Results impacting regulation and standardisation initiatives 

The use of high-resolution deterministic and ensemble model forecast data and downlinked Mode-S 
EHS, is not covered by ICAO Annex 3 Appendix A[36]. 

 

6.3.3.2 Analysis of MET contribution Results 

6.3.3.2.1 Views of key personnel 
In addition to the MET service provision to EXE 669, the following key persons were interviewed on 
the MET support provided: 

• Daniel Gavrila (Selex) 
• Antonio Nuzzo (ENAV) 
• Roberto Omenetto (ATC controller) 
• Aniello Napolitano (Selex) 

Question 1. Is the Met provision as expected, required, and/or planned? if not, what aspects are 
missing? 

Answer: “In general, the Met provision is as expected. However, the level of uncertainty of the 
MET data forecast is missing. Further, the forecast MET data for the first hour of the 
exercise was missing. Then, the granularity is too low (1 hour interval). The SESAR 
required granularity is 10 minutes. Finally, RVR forecast data was missing.” 

Comment by WP11.2: Nowcast data, especially for convection and thunderstorms (X1.2 MET 
prototype) could have been provided. Only model forecasts had been requested. The 
SESAR required granularity according to the MET OSEDs depends on the specific MET 
parameter. Some MET elements are more stable (like air pressure) and a 10 minutes 
update has not been stated as required. 

Question 2. Could you describe the impact of the MET service provision on the current exercise 
outcome? 

Answer:  “The impact of the MET service on the current exercise outcome is very big. Therefore 
the accuracy and reliability of the MET data service needs to be high.” 

Question 3. Which aspects of the MET service provision would you prefer to see delivered in a 
similar exercise/operation in the future? 

Answer: “From a software engineering point of view, the MET data provided by WP11.2 was very 
difficult to handle. The data was formatted in GRIB file format, and the file size was very 
large (about 1 GB size). The GRIB format has a complex structure and is difficult to 
parse. We could parse the GRIB file only once to retrieve information, because the 
reading process is slow due to the badly designed API. Furthermore, the surface area 
covered by the MET data provision was too large. This had a negative impact on the 
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software application performance as well. Therefore, we have the following suggestion 
with respect to MET data provision: 

• Improve the API to read the GRIB file format 
• Provide only MET data of the relevant area around the airport. The currently 

provided area was too large.” 
Comment by WP11.2: The surface area could have been easily decreased to just one 
point. The area has been agreed on with P15.04.09 c to enable a better calculation for 
the probabilities. The smaller the area, the lower the data volume would have been. 

6.3.3.2.2 Unexpected Behaviours/Results 
See Table 6 for the Expected outcome of MET Contribution to exercise 669. Regarding the MET 
services delivered to EXE 669, no unexpected behaviour or problem has occurred. Regarding the use 
of the MET services, some users noted (see the interview reported in section 6.3.3.2 that the level of 
uncertainty of the MET data forecast seemed to be missing. However, the level of uncertainty is 
represented by the spread of the MET ensemble members. 
 

6.3.3.3 Confidence in Results of MET contribution 

6.3.3.3.1 Quality of MET contribution Results 
The exercise made use of pre-recorded MET data in the vicinity and at Braunschweig Airport, to 
ensure data concerning required weather phenomena would be available during the exercise. See 
section 2.2.4 Table 36 , for indications “NOK” mostly concerning missing local airport weather 
phenomena. 

6.3.3.3.2 Significance of MET contribution Results 
From MET point of view, the statistical significance of the MET contribution is very high, about 87% if 
counted by the number of requirements from Appendix D in VALR 669 involving MET data: 129 out of 
a total of 149. See also Table 36 and the interview reported thereafter in which the significance of the 
Met component was confirmed. 

6.3.4 Conclusions and recommendations 

6.3.4.1 Conclusions 
See section 5.1. In addition, the GRIB interface is seen as very complex, and difficult to handle. This 
is an issue emerging from the interview reported after Table 36. Some validation exercises involving 
MET data uncertainty did not use the uncertainty information present in the MET ensemble data. 
Some local airport observation data were not available, due to the fact that pre-recorded MET data 
translated from another airport environment was used. 

6.3.4.2 Recommendations 
See section 5.2 In addition, it is recommended to make sure the system using the MET service is 
adequately able to input the required MET data. It would be best, if validation exercises involving MET 
data uncertainty would be redone, but it is anticipated difficult to isolate these from the larger test 
scenarios. The same can be said regarding the scenarios involving local airport MET data. 
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6.4 Validation Exercise #757; MET Contribution Report 
Real-time validation exercise 757 aimed to demonstrate that within an APOC it is possible: 

• For different stakeholders to maintain situational awareness of current and predicted airport 
performance based on the information at their disposal  

• Accurately identify predicted severity levels so as to facilitate the decision making process 

• Implement the changes agreed to manage and mitigate the deviation from the plan. 

• Employ working methods which use the previously defined collaborative decision making 
process at the airport level and simultaneously increase the ‘knowledge’ available to the 
individual operational unit. 

6.4.1 Exercise Scope and MET Contribution to support it 
Real-time validation exercise 757 aimed to validate APOC Performance Monitoring and Management 
against three operational scenarios. These scenarios can be summarized as follows: 

• EXE-06.03.01-VALP-757.001: an airport faces a capacity constrained situation as a result of 
scheduled works on the apron. An external disruption then further reduces the departure flow, 
leading to congestion on the apron.  

• EXE-06.03.01-VALP-757.002: an airport is faced with a heavy thunderstorm instead of a 
forecasted light thunderstorm. This adverse condition will affect the daily operation of all 
airport stakeholders.  

• EXE-06.03.01-VALP-757.003: a terminal will be evacuated due to an incident at the security 
control. 

 
For all relevant operational scenarios, METAR and TAF data has been provided by WP11.2 for the 
required scenario date and required airfield. See [14] for further details.   
 

6.4.2 Conduct of Validation Exercise 

6.4.2.1 Preparations to MET contribution 
Initially, also more detailed GRIB2 weather data grids were foreseen to be included in the exercise. 
These grids have been calculated and provided but were in the end not used in the exercise. 

6.4.2.2 MET contribution execution 
For all operational scenarios, METAR and TAF data has been provided by WP11.2 for the required 
scenario date and required airfield. 

6.4.2.3 Deviation from the planned activities 
None 

6.4.3 MET contribution Results 

6.4.3.1 Summary of MET contribution Results 
For all operational scenarios, METAR and TAF data has been provided by WP11.2 for the required 
scenario date and required airfield. 

6.4.3.1.1 Results on concept clarification 
No MET prototypes were in the end involved in the validation exercise. Hence no results can be 
demonstrated. 

6.4.3.1.2 Results per KPA 
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No MET prototypes were in the end involved in the validation exercise. Hence no results can be 
demonstrated per KPA. 

6.4.3.1.3 Results impacting regulation and standardisation initiatives 
No MET prototypes were in the end involved in the validation exercise. Hence no results can be 
demonstrated. 

6.4.3.2 Analysis of MET contribution Results 
No MET prototypes were in the end involved in the validation exercise – only METAR/TAF data has 
been provided. Analysis of MET contribution results is therefore irrelevant. 

6.4.3.2.1 Unexpected Behaviours/Results 
None. 

6.4.3.3 Confidence in Results of MET contribution 

6.4.3.3.1 Quality of MET contribution Results 
No MET prototypes were in the end involved in the validation exercise. Hence not relevant. 

6.4.3.3.2 Significance of MET contribution Results 
No MET prototypes were in the end involved in the validation exercise. Hence not relevant. 

6.4.4 Conclusions and recommendations 

6.4.4.1 Conclusions 
No MET prototypes were in the end involved in the validation exercise. Conclusions could only be 
drawn from the METAR/TAF data provided. Nevertheless, the second scenario involved a heavy 
thunderstorm (whereas only a light thunderstorm was forecasted); it would be interesting to know the 
impact of this ‘error’ in the weather forecast on overall APOC decision making processes and in 
particular also the impact on relevant KPAs (e.g. capacity). The VALR of EXE757 is however not yet 
available at the time of writing this document.   

6.4.4.2 Recommendations 
No MET prototypes were in the end involved in the validation exercise. Therefore, it makes no sense 
to formulate any recommendations. 
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6.5 Validation Exercise #791; MET Contribution Report 
The content of this section is derived mainly from the Validation Plan and Validation Report from WP 
11.01.05 D15 – EXE791 [20][21] 

6.5.1 Exercise Scope and MET Contribution to support it 
The validation exercise EXE-791 aimed to validate whether an ensemble of global upper air datasets 
can improve the flight planning process. The validation exercise reached maturity status V2 and 
included trajectory creation and flight planning utilizing global ensemble weather forecasts as well as 
a comparison against real flown flights.  
Currently one deterministic upper air database published every six hours is used in the trajectory 
creation and flight plan calculation process. The aim is to integrate global ensemble weather forecasts 
into the regular trajectory optimization and flight planning process to move as closely as possible 
towards current operational methods to allow an early and efficient adaptation by computerized flight 
planning service providers.  
 

6.5.2 Conduct of Validation Exercise 

6.5.2.1 Preparations to MET contribution 
The probabilistic weather forecasts are for global ensemble wind forecasts and represent a set of 
global upper air databases that are bundled into an ensemble. The data in GRIB2 format was 
accessed via MET Models and converted to have the correct resolution, and coverage. 
This data was exchanged via legacy means (e.g. FTP). This validation exercise did not use SWIM 
compliant transport methods, but there was discussion on how such data can be exchanged in a 
SWIM environment (such as via the 4DWxCube in the future. 

6.5.2.2 MET contribution execution 
This validation exercise is run by WP11.1 with the contribution of WP11.2. Due to the unpredictable 
nature of weather a part of the exercise will be performed at specific days where the upper wind 
situation is considered uncertain in an area of interest (e.g.: North Atlantic). 
 
WP11.2 

• Performed GEWF model reliability validations 
• Analysed whether a given day is considered certain or uncertain 
• Prepared the GEWF files that are used in the validation for a given day 
• Provided the GEWF to P11.1.5 via FTP or similar transportation protocols 

• Assisted in determining a day and city pair where “the weather” was very uncertain. 

• Provided GEWF data bases for the given days of the selected flights. 

• Provided deterministic upper air data bases for the given days of the selected flights. 

Joint activities with W11.1.5 included 
• Selection of validation days based on weather uncertainty 
• Computation of fuel burn and flight time distributions taking the trajectory ensembles as an 

input. 
• Ensuring the recorded weather data and flight data are consistent (synchronized) in time and 

space dimensions.  
 

The aim was that all measured upper air data are represented by at least one member of the GEWF, 
meaning that the deviation in upper air data in the deterministic flight plan lays within the extremes of 
at least one GEWF member 
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Figure 17 Example GEWF reliability ensemble spread 

The forecast winds at e.g.: 250hPa (FL340) are compared with the observed winds at the same flight 
level from ACARS observational datasets in order to demonstrate the capability of the GEWFs to 
capture the spread of weather scenarios and thus underline the usefulness of the models for ATM 
applications. The derived probabilistic score used to demonstrate this is known as a Relative 
Operating Characteristic (ROC) curve. This curve, and the area below it (a score value ranging from 
0.5 to 1, 1 being the best score possible), give an indication of the GEWF’s ability to forecast the 
envelope of possible weather situations.  

For two observational datasets (September 2014 and January 2015), all models gave scores in the 
range 0.80 to 0.95, thus illustrating an excellent level of model reliability. 

For the sake of clarity, the reliability of the ACARS data precision is not assessed with this exercise. 

 

6.5.2.3 Deviation from the planned activities 
None 

6.5.3 MET contribution Results 

6.5.3.1 Summary of MET contribution Results 
The validation exercise showed clear and expected results, but also highlighted aspects that need to 
be changed for a follow up exercise. It also unveiled that the regulation is not always clear enough to 
make conclusions and recommendations. Below a quick summary on the results and findings: 

• The data for actual ZFW, actual fuel degradation factor, the flown route, actually used real 
cost index and actually used FMS cost index needs to be 100% accurate. This is to ensure 
that scatter due to inaccuracy of these parameters is reduced to the absolute minimum. 

• A higher sample size should be considered in a follow up exercise 

• The contingency fuel in current mode of operations is covering MET and ATC deviations 
without a definition how much of the contingency fuel is meant to cover which type of 
deviation. This is for a good reason though since a clear distinction between the two 
contingency fuels would most likely demand for a higher amount. A true comparison between 
the GEWF extra fuel and the contingency fuel currently computed can therefore not be made. 

• One of the most interesting aspects that should be further analysed was that some of the 
most uncertain (highest spread in fuel and/or time) results were not in the anticipated areas. 
So a follow up exercise should also concentrate on scenario SCN-11.01.05-VALP-0001.0300. 

• Using the GEWF increases the awareness of the uncertainty of e.g. the fuel burn estimate. 
Moreover, implementing decisions based on such a quantified uncertainty, e.g. choose the 
minimum extra fuel amount to avoid refuelling at an alternate airport, is expected to contribute 
to a statistically better predictable ATM system. Indeed, it is expected that even airlines willing 
to accept a risk of unforeseen refuelling in order to minimise fuel cost, will not increase this 
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risk once they receive a GEWF based estimate thereof. Thus, overall the use of GEWF will 
improve the predictability of the ATM system, even if only slightly. 

The concept of trajectory ensembles (see section 3.2.3 in the validation plan EXE-791 Step1 V2 
(BMT-MET D15 [20]) was assessed from the standpoint of feasibility, without using a large sample 
size. The reason for this is that each sample would require the execution of the trajectory to really 
qualify the results and this aspect of the validation exercise is dependent on the general model 
reliability results. 

Most stable in this context means that only high level cruise portions with few step climbs and 
descents were considered. The reason for this is that climb and descent speeds are not captured in 
the POS reports and have a significant influence on fuel burn and time. 

 

 
Figure 18 An example Trip Fuel Distribution for all 12 ensemble members 

In order to compare the flight specific distributions, all the results of all flights are brought together into 
one chart. For each flight the mean trip fuel and trip time is computed as well as the 95 percentile. 
These values are compared against the trip fuel and trip time deviation between the actual trip fuel 
and trip time and the predictions performed with the first ensemble member which represents the 
deterministic weather database. 

Comparing actual wind vs. planned wind and actual cruising speed vs. planned cruising speed (see 
pictures bellow) one can see that the difference is rather small.  

Still the mean fuel burn difference of more than 1000lbs is very high, leading to the conclusion that the 
actual ZFW was much lower than the planned one.  
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Figure 19 Planned and actual wind component on flight 8400 

 

 
Figure 20 Delta between the planned and actual wind component on flight 8400 

 

6.5.3.1.1 Validation results on concept clarification  

N/A 

6.5.3.1.2 Results per KPA 
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Table 32: Summary of Validation Exercises Results [21]  

 

6.5.3.2.1 Unexpected Behaviours/Results 
N/A 

6.5.3.3 Confidence in Results of MET contribution 

6.5.3.3.1 Quality of MET contribution Results 

Two topics have been identified that impact the quality of the results and should be considered and 
planned for in a follow-up exercise. The first one is more accurate and actual input parameters 
(related to Aircraft factors) and the second topic is the maximum wind data to be included in the 
GEWF. 

The GEWF databases used in this exercise did not include the maximum wind parameter. The 
maximum wind parameter is an additional data point for each location in a GRIB upper air weather 
database. A typical GRIB database contains wind and temperature information for each location at 
standard FLs. In addition to that, the FL, wind speed and direction for each location is given which has 
the locally highest wind speed. 

The usage of the MAX WIND parameter will increase the resolution of the provided wind data and 
improve the results. 

The figures below shall explain the difference. Please be advised that the shown FLs are NOT the 
standard FLs and it also does not contain the wind direction. However it is considered sufficient to 
demonstrate the usage of the MAX WIND parameter. 

Without the MAX WIND parameter a wind value lookup at FL320 would result in a value which is 
interpolated from the FL 300 and FL 350 value, hence something around 70. Using the MAX WIND 
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parameter the wind lookup at FL 320 would result in correctly applying the predicted wind from that 
FL. 

If the MAX WIND is located at a FL above or below the two nearest standard FLs from the planned 
cruising FL, then it has no influence on the planning.  

 

 
Figure 21 Wind speed without MAX WIND parameter (left). Wind speed with the MAX WIND 
parameter (right) 

 

6.5.3.3.2 Significance of MET contribution Results 

The validation exercise was conducted using real flown trajectory data and real upper air weather 
data; hence the operational significance is considered to be high. The results of the validation 
exercise furthermore support the assumptions made. 

The results underline both an operational significance to predictability and efficiency aspects of 
trajectories as well as statistical significance, since not all KPAs can be measured directly. Especially 
when it comes to extra fuel mentality only a large sample of flights and utilizing live trials can show 
whether the use of GEWFs really make a significant difference. 
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6.5.4 Conclusions and recommendations 

6.5.4.1 Conclusions 
The conclusions for the validation exercise EXE-791 Step1 V2 (BMT-MET) regarding the utilisation of 
Ensemble Global Wind Forecasts for Trajectory Prediction can be split into technical conclusions and 
concept relevant conclusions and is summarized as below: 

Conclusions concerning technical aspects 

• GEWFs can be utilized by the trajectory creation and flight panning tools used for the 
validation exercise 

• Several manual steps are required to enable the trajectory creation and flight panning tools to 
use GEWFs 

• The gross trajectory creation and flight planning processing time increases, since n1 number 
of trajectories need to be analysed. However, these steps can be parallelized, hence 
theoretically only the resources required increase and the gross trajectory creation and flight 
planning times should remain the same.  

Conclusions concerning the concept 
 
From the validation exercise we have the following encouraging observations:  
 

• The probability distribution of a flight’s trip fuel during cruising portions (incl. step climbs and 
step descents) can be assessed by the use of GEWFs 

• The probability distribution of a flight’s trip time during cruising portions (incl. step climbs and 
step descents) can be assessed by the use of GEWFs 

• A flight’s trip fuel and trip time during the take-off, initial climb and final descent/approach 
phase is highly unpredictable since during these flight phases the number of ATC 
interventions and resulting (nearly) weather independent deviations from the planned 
trajectory is high. Hence the approach to isolate the main cruising portion for the analysis is 
considered to be the right one. 

• The exercise demonstrated that the 95 percentile (represented by one member out of the 
twelve members of the GEWF) is a conservative value for extra fuel from a safety 
perspective. 

• The conclusions are based on a small number of flights and are therefore mathematically not 
robust although very encouraging. 

 

It is expected the envisaged maturity V3 validation exercise would confirm these observations 

 

6.5.4.2 Recommendations 
 

The recommendations for the validation exercise EXE-791 Step1 V2 (BMT-MET)[21] can also be split 
into technical recommendations and concept relevant recommendations and is summarized as below: 

Recommendations concerning technical aspects 

• The processing of GEWFs should be fully automated. This includes the transfer of the data, 
the processing and ingestion into the trajectory creation and flight planning tools. 

                                                      
1 Where n is the number of ensembles 
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• The creation of trip fuel and trip time probability distributions should be fully automated and 
should not require the cloning of flights or any manual step.  

• The trip fuel and trip time probability distributions should be visible to dispatchers and pilots in 
order to enable a V3 validation exercise including live trials. 

• The GEWFs should include the MAX WIND data points to increase the accuracy. 

Recommendations concerning the concept 

• It is recommended to perform the envisioned future V3 validation exercise including live trials. 

• Scenario SCN-11.01.05-VALP-0001.0300 should be assessed in a future V3 validation 
exercise 

• Next to the approach introduced in section the Validation report [21] section 2.2.1 and further 
discussed in section 4.2.3 additional (user defined) trajectory selection mechanisms should 
be developed, before analysing each of these trajectory’s sensitivity to the GEWF. 

• Improvements to the upper air weather forecast especially with respect to the vertical 
resolution should be analysed 

Methodologies to assess the significance of using GEWF in the trajectory selection process in the 
planning phase should be developed. 
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6.6 Validation Exercise #811; MET Contribution Report 

6.6.1 Exercise Scope and MET Contribution to support it 
Only the sub-exercise led by Thales is relevant in terms of MET validation.  
 
This exercise enabled the validation of MET information display for ENROUTE function on The Link 
By Thales® simulator at Thales Toulouse facilities. The MET information was displayed on a 
hardware display platform representative of an EFB. The high-level objectives of the validation test 
were to check the correct integration in an operational scenario of considered function. This exercise 
focused on one function “Meteorological information on EFB for En Route”. 
 
The complete description of VP811 results can be found in document referenced as [23] 

6.6.2 Conduct of Validation Exercise 

6.6.2.1 Preparations to MET contribution 
This exercise was run on “The Link By Thales®“ simulator which integrates a full avionics cockpit with 
full EFIS, FMS and AFS avionics systems plus 2 simulated EFB.  

The following MET information was made available for the exercise by Météo-France, DWD and 
UKMO :  

• METAR and TAF 

• Convection observations and forecasts 

• Icing observations and forecasts 

• Clear Air Turbulence forecasts 

• Wind, Temperature, Pressure, Humidity at departure and destination airports 

 

Data formats and services definition have been discussed upstream with the technical team of 
Thales. An early version of the 4DWxCube MET-GATE was used for this exercise.  

MET products were delivered in proprietary formats though web services allowing the user to use 
several input arguments such as the validity time and the area of interest. 

The MET on EFB function was hosted on 2 simulated EFB. 

6.6.2.2 MET contribution execution 

6.6.2.2.1 Preparatory activities 

The preparatory activities were as follows: 

• Design of the validation events and procedure during runs and the associated detailed 
scenarios (July 2014) 

• Validation of the THALES MET information on EFB function till September 2014 
• Technical integration of the THALES MET information on EFB function on the THALES 

“The Link By Thales®“  cockpit simulator (September 2014) 
 

6.6.2.2.2 Execution activities 
 

The exercise execution was done during 3 sessions of 1 day at the THALES “The Link By Thales®“ 
Simulator in Toulouse.: 
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• 23th of January, 2015 
• 29th of January, 2015 
• 30th of January, 2015 

The execution activities were as follows: 

- Present the project and the validation exercise to all participants; 
- Train (familiarize) the participants with the platform; 
- Perform all the planned simulator runs; 
- Get required feedback from participants (questionnaires and debriefing sessions).  

 
Evaluations were based around 4 scenarios: 

• Scenario #1 : Nominal flight preparation – Short range flight;  
• Scenario #2 : Nominal flight execution – Short range flight (corresponding to the 

execution of the flight of scenario #1); 
• Scenario #3 : Long range flight – focus on convection during enroute; 
• Scenario #4 : Long range flight – focus on clear air turbulence during enroute. 

 

 

Objectives of the validation exercise are described in Table 33 below. 

 

OBJ-09.48-VALP-THA1.0001 SCN-09.48-VALP-THA1.0001,2,3,4,5,6,7 

Flight Assess the benefits of the 
“Meteorological information on EFB 
for En Route” function to improve 
pilots situation awareness 

OBJ-09.48-VALP-THA1.0002 SCN-09.48-VALP-THA1.0001,2,3,4,5,6,7 

Assess the flight crew level of 
workload with “Meteorological 
information on EFB for En Route” 
function global management 

OBJ-09.48-VALP-THA1.0003 SCN-09.48-VALP-THA1.0001,2,3,4,5,6,7 

Assess the Flight Crews' efficiency to 
use all interfaces and devices related 
to “Meteorological information on EFB 
for En Route” function in an 
operational context. 

OBJ-09.48-VALP-THA1.0004 SCN-09.48-VALP-THA1.0001,2,3,4,5,6,7 
Assess the procedure adequacy to 
manage MET information in nominal 
case of WX Uplink 

OBJ-09.48-VALP-THA1.0005 SCN-09.48-VALP-THA1.0001,2,3,4,5,6,7 
Assess the utility of the display of the 
“Meteorological information on EFB 
for En Route” function 

OBJ-09.48-VALP-THA1.0006 SCN-09.48-VALP-THA1.0001,2,3,4,5,6,7 
Assess the usability of the display of 
the “Meteorological information on 
EFB for En Route” function 

OBJ-09.48-VALP-THA1.0007 SCN-09.48-VALP-THA1.0001,2,3,4,5,6,7 Assess the integration of the function 
into current functions in the cockpit 

OBJ-09.48-VALP-THA1.0008 SCN-09.48-VALP-THA1.0001,2,3,4,5,6,7 Assess the utility of the function to 
support operational tasks 

OBJ-09.48-VALP-THA1.0009 SCN-09.48-VALP-THA1.0001,2,3,4,5,6,7 
Assess the utility of the superposition 
of the Flight Plan and A/C position 
with MET information 

Table 33 : VP811 MET related objectives 
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6.6.3.2 Analysis of MET contribution Results 

6.6.3.2.1.1 Qualitative Results 
The qualitative results below represent a synthesised compilation of airspace users general feedback 
reported during validation sessions. 
 
Missing features: 
Some users highlighted limitations of the validation exercise itself. They noted the exercise covered 
not all the functionalities and not all the MET services that it could. They noted also that the validated 
system was not as mature as it could have been in some areas. 
Among the missing services, they have reported that a dynamic depiction of the flight and of the 
weather phenomena could have been implemented to help the understanding of the dynamic 
evolution of the weather situation in the flight context. Another service that could have been 
implemented is a service of sharing encounters with hazardous weather phenomena such as Clear 
Air Turbulence, with other aircrafts in the vicinity.   
Some phenomena were also not provided by the system at the time of the validation. They hence 
confirmed the following services would have to be provided by the system: Winds, temperature, 
volcanic ashes, Ice crystal, SNOWTAM and all known significant weather features (SIGWX). 
It was also confirmed that the coverage of the MET service should have been worldwide and not only 
in the area of the scenarios simulated flights.  
 
Flight plan and aircraft position display: 
The validation exercise confirmed the need for display of the flight plan and of the aircraft position, 
along with the display of MET phenomena and information, to improve the weather situational 
awareness along the flight plan and during flight. 
It has also been suggested to add some flight plan modification capability, such drag & drop or display 
of waypoints around path, directly on the MET function display, in order to facilitate the elaboration of 
the avoidance strategy of hazardous weather. 
 
MET products improvements: 
Some remarks have been made on the MET products used during the validation exercise. Some 
information was missing such as altitude correction (density or delta compared to standard 
atmosphere), and the bottom of the convective cells (only the flight level of the top of the cells was 
provided). The update rate of the MET information should also be improved.   
 

6.6.3.2.1.2 MET Data flow measures 
Table below provides typical data link data flow measure on a 40 minutes flight over France, with the 
system used during the validation exercise. 
Data are not filtered and provided over an oversized geographic area compared to what is just 
needed for the considered flight plan. These values are hence to be considered as very conservative 
(oversized) and not as definitive bandwidth requirements. 
 

Time 
(minutes) Data item Size 

(Kbytes) Comments 

0 
Clear Air Turbulence over Atlantic - Europe 
- Africa 283 Preflight loaded 

0 Icing forecast over Europe 357 Preflight loaded 
0 Icing observation over Europe 119 Preflight loaded 
1 METAR messages 5 28 METAR updated 
1 TAF messages 40 182 TAF updated 
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Time 
(minutes) Data item Size 

(Kbytes) Comments 

 Average Bandwidth 7,2 kbps 
Table 35: MET data flow measure 

 

6.6.3.2.2 Unexpected Behaviours/Results 
N/A 

6.6.3.3 Confidence in Results of MET contribution 

6.6.3.3.1 Quality of MET contribution Results 
The collected quotation and the averaged results were well representative of the qualitative feedback 
performed during “warm” debriefing just after each scenario run. Moreover, trends of results 
(qualitative and quantitative) were quite homogeneous among evaluators. It is hence considered the 
degree of confidence in the results is high.  

6.6.3.3.2 Significance of MET contribution Results 
The validation exercise was done by selected airspace users coming from different companies and 
organizations: 4 were active crew members in airlines (Long Range Aircraft, Medium range Aircraft, 
Helicopter), 1 was a flight test pilot from an aircraft manufacturer, and 4 were representative of 4 
different expert groups. 
Therefore one can consider a sufficient number of different, skilled and pertinent Airspace Users have 
been involved in this validation exercise. 
We hence have a good level of confidence in the validation results.  

6.6.4 Conclusions and recommendations 

6.6.4.1 Conclusions 
This exercise has enabled the validation of MET information display for ENROUTE function on The 
Link By Thales® simulator at Thales Toulouse facilities, during three sessions of one day each, in 
January 2015. This exercise was conducted by Thales teams and the validation was performed by 
Airspaces Users coming from various airlines, companies and organizations.  
The best quoted validation objectives of the exercised function were: 

• The adequacy of the Flight Plan display superposed with MET information 
• The adequacy of the A/C position display superposed with MET information 
• The utility of the “Meteorological information on EFB for En Route” function to anticipate long 

term weather avoidance 
• The adequacy of the contract mode of uplink (for each type of phenomena) and especially 

the automatic update 
The worst quoted validation objectives of the exercised function were: 

• The acceptable level of head-down time and visual channel load 
• The requirement for minimal actions to use the function and their conciseness & the 

easiness to use the function 
• The requirement for non-specific training to use the function 

The involved Airspaces users have also done a lot of pertinent remarks and suggestions that should 
help improve the function for the next phases of the project. Among the top requested improvement is 
the time to get the awareness of the whole meteorological situation along the flight plan that has to be 
shortened to a minimum. 
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6.6.4.2 Recommendations 
It is recommended for next phases to perform some evolutions of the MET on EFB for ENROUTE 
function to reach the identified validation objectives. The main efforts should focus on the 
improvement of the time for the user to get the awareness of the whole meteorological situation along 
the flight plan and the availability of all the functions with a good level of maturity. 
A large scale demonstration exercise is recommended to validate the function before deployment. 
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Appendix A KPA Templates 
Where applicable templates for validation results for certain KPAs should be used to ensure 
completeness and gap analysis. These templates are: 

• Safety Assessment template [27];
• Human Performance Assessment template [30];
• Security Assessment Template [28];
• Environment Assessment template [29].

All deviation from the assessment guidance shall be justified. 
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