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SINOPTICA  
SATELLITE-BORNE AND IN-SITU OBSERVATIONS TO PREDICT THE INITIATION OF 
CONVECTION FOR ATM 

This Evaluation Methodology and Plan is part of a project that has received funding from the SESAR 
Joint Undertaking under grant agreement No 892362 under European Union’s Horizon 2020 research 
and innovation programme. 

 

 

Abstract  

This document describes the evaluation methodology of the SINOPTICA project. The expected benefits 
of the integration of convective weather into extended arrival management systems will be assessed 
by qualitative evaluations by ATM experts. Key performance indicators will be applied for qualitative 
assessments.  

Preliminary technical tests and sensitivity studies will be done separately for meteorological and 
extended AMAN developments. For SINOPTICA system demonstration an extended Arrival Manager 
will be implemented for the high density Terminal Manoeuvring Area of Milano Malpensa. Interesting 
significant convective case studies developed within the SINOPTICA project and real flown trajectories 
will be used to compare the extended AMAN with and without weather input and activated controller 
guidance support functionalities.   
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Executive Summary1 

This document describes all aspects of the planned evaluation of the SINOPTICA weather integration 
into extended arrival management. Based on the results of D4.1 “Operational Concept description and 
User Requirements” the document focuses on the development of an evaluation methodology and the 
application of this methodology in the system demonstration. 

The expected benefits of the integration of adverse weather in extended arrival management are 
diverse. The SINOPTICA developments shall increase predictability for all involved processes resulting 
in increased cost-efficiency for all stakeholders. Increased punctuality shall enable more efficient 
airline management and increase passenger satisfaction. Efficient arrival management will decrease 
airborne arrival delays and thus at the same time environmental impacts. Timely consideration of 
weather impacts reduces pilot and ATCO (Air Traffic Control Officer) workload and thus increases 
safety.    

Summarizing, the research questions that the SINOPTICA project will investigate    

• Does the integration of severe weather increase the performance of an extended AMAN? 
• Which spatial and temporal resolution / which forecast skill is needed? 

A two-step evaluation methodology will be used to validate the particular AMAN (Arrival Manager) - 
and MET- functionalities:  

1. Pre-experimental tests for qualitative and quantitative evaluation of SINOPTICA functionality 
by using real flown flight tracks and observed weather data. 

2. Validation of the SINOPTICA system based on real convective events, where the particular 
AMAN- and MET-components will be put together.  

This approach shall enable an explicit assignment of the findings and is intended to ensure the most 
comprehensive assessment possible.  

For the qualitative and quantitative evaluation, the arrivals will be divided into three different 
approach phases. For completeness we mention the planning phase for Air Traffic Flow and Capacity 
Management (ATFCM):  

1. The initial approach beginning at the extended freezing horizon to the waypoints that mark 
the beginning of the Standard Arrival Routes. 

2. The Standard Arrival Routes until the beginning of the RNAV transition (Area navigation) often 
in combination with holding areas. 

3. The RNAV transition until the Final Approach Fix. 

                                                           

 

1 In the ATM community, the frequent use of abbreviations has become so common that the long form is often 
hardly used. Therefore, abbreviations and long form are used alternately in this document. For the translations, 
please refer to the list of abbreviations. 
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The aircrafts already have to be established in the right sequence at the final approach, thus AMAN 
systems will not calculate deviations around convective cells anymore.  

Besides the more technical AMAN view the weather perspective will also be studied in this evaluation, 
that means we will consider the onset of a thunderstorm event, the maximum CB activities and the 
recovery phase of a convective event.  

The functionality of the SINOPTICA tools will be evaluated based on comparisons between calculations 
by the AMAN system and real flown aircraft trajectories. This will be done in a qualitative way by ATM 
experts and quantitatively by evaluating key performance indicators (KPIs). We plan to apply the 
operational KPIs “time to final”, “spacing deviation” and “sequence pressure”, cost-efficiency related 
KPIs like “Flight-time from the extended freezing horizon until landing” and “track miles flown” and 
the “number of advisories” as a proxy measure for safety. A sensitivity analysis will conclude this first 
evaluation part where traffic and weather will be varied.  

In the second part, the SINOPTICA system demonstration, all relevant SINOPTICA developments and 
tools are now to be put together to form a larger whole. The objective of this demonstration is to prove 
that the weather-integrating extended Arrival Manager and the newly developed meteorological 
models are able to lift the improvements defined in the project in reality. An extended AMAN will be 
implemented for the high density TMA of Milano Maplensa. Interesting significant convective events 
developed within the SINOPTICA project and real flown trajectories will be used to compare the AMAN 
with and without weather input and activated controller guidance support functionalities.   

For this proof of concept, a validation workshop with the project team, operational AMAn experts, and 
ideally advisory board members will be organized. This validation workshop will be devoted to the 
demonstration of the improvements. That will be done by comparing the SINOPTICA tools (solution 
scenario) and their benefits with the currently used concepts and procedures (reference sceanrio). 
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1 Introduction 

1.1 Purpose of the Document 

This document describes the concept for evaluating the SINOPTICA improvements and benefits. 
Intended readership is the project team, reviewers, advisory board, the participants of the planned 
validation workshop and of course the SJU.  

The evaluation methodology is based on the Eurocontrol document “[SESAR 2020 General Document 
Template ER]“ [1], the steps described in this evaluation plan essentially follow the proposed 
procedure.  

1.2 Relation to Work Packages and Deliverables 

Figure 1 gives an overview about the SINOPTICA Work Package structure. The deliverable is directly 
based on the deliverable D4.1 “Operational concept description and user requirements for adverse 
weather controller support”. A short summary of the deliverable D4.1 will give a brief overview over 
the SINOPTICA user requirements, the described Concept of Operations shall facilitate an easier 
readability of the evaluation document. We decided in the project team to include the meteorological 
evaluations and verifications in WP7. The case studies are taken out of the deliverable D5.1 “Report 
about event selection”.  

 
Figure 1: SINOPTICA WP structure 

1.3 Structure of the Deliverable 

In section 2 a short overview will introduce the SINOPTICA Concept of Operations, section 3 describes 
the expected benefits by integrating severe weather into extended AMAN. In section 4 we introduce 
the two-phase approach for the SINOPTICA evaluation. Chapter 5 is dedicated to pre-experimental 
tests for the qualitative and quantitative evaluation of the SINOPTICA extended AMAN functionality 
with the details of the approach phases. Finally, the system demonstration described in section 6 will 
demonstrate the overall SINOPTICA system. 
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1.4 Definitions2 

Arrival Manager (AMAN) systems have been developed and deployed in Europe, and elsewhere, over 
the course of many years. They are primarily designed to provide automated sequencing support for 
the ATCOs handling traffic arriving at an airport, continuously calculating arrival sequences and times 
for flights, taking into account the locally defined landing rate, the required spacing for flights arriving 
to the runway and other criteria. 

Key performance indicators (KPIs) are data metrics used to track performance. KPIs have to assure at 
least four important aspects: 

1) KPIs directly reflect performance of goals and objectives; 
2) KPIs show only the “key” data – the most important data for operational performance; 
3) A KPI is always SMART (specific, measurable, achievable, relevant, and time-bound); 
4) KPIs are application-specific, which means every application will have a unique list of KPIs. 

 
RNAV transition3 is a route that transitions the flight from the Standard Arrival Route to the initial 
approach fix. 
 
Standard Terminal Arrival Route (STAR)4 is a standard ATS route identified in an approach procedure 
by which aircraft should proceed from the en-route phase to a RNAV transition or an initial approach 
fix (IAF)  

1.5 Acronyms and Terminology 

Acronym Description 

4D-CARMA Air Navigation Service Provider 

AMAN Arrival Manager 

ANSP Air Navigation Service Provider 

ATCO Air Traffic Control Officer 

ATM Air Traffic Management 

ATS Air Traffic Services 

BADA Base of Aircraft Data 

CB Cumulonimbus cloud 

ETA Estimated Time of Arrival 

                                                           

 

2 Eurocontrol / skybrary definitions adapted by SINOPTICA consortium 

3 As published in the Austrian AIP (https://eaip.austrocontrol.at/)  

4 https://www.skybrary.aero/index.php/SIDs_and_STARs 
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FAF Final Approach Fix 

FDPS Flight Data Processing System 

FF Feeder Fix 

FIR Flight Information Region 

FPL Flight Plan 

IAF Initial Approach Fix 

ICAO International Civil Aviation Organization 

KPI Key Performance Indicator 

maxCAPPI Maximum Constant Altitude Plan Position Indicator 

MET Meteorology 

NWP Numerical Weather Prediction 

RDPS Radar Data Processing System 

RNAV Area Navigation 

RVR Runway Visual Range 

RWY Runway 

SESAR Single European Sky ATM Research Programme 

SJU SESAR Joint Undertaking 

STA Scheduled Time of Arrival 

STAR Standard Terminal Arrival Route 

TMA Terminal Manoeuvring Area 

ToD Top of Descent 

UTC Universal Time Coordinated 

WAFC World Area Forecast Centre 

WP Work Package 
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2 Operational Concept & User Requirements  

In SINOPTICA, an operational concept of controller support systems is developed that is considering 
current and forecasted weather in an Arrival Management (AMAN) decision support system and is 
routing and scheduling arriving aircraft in the context of the actual traffic situation. Adverse weather 
areas will be translated into mathematical polygons, imported into an AMAN, and treated like 
restricted zones where no aircraft is allowed to fly through during a defined period. Additionally, the 
idea of an air traffic controller display is presented, which besides the usual air traffic data with aircraft 
and their labels also shows the position and behaviour of severe weather areas in affected sectors and 
near airports. For this purpose, both the current meteorological measurements and the weather 
forecast are mathematically processed and integrated into the existing 4-dimensional Cooperative 
Arrival Manager (4D-CARMA) of DLR. With this data, it is possible for an AMAN to generate routes, 
advisories and sequence suggestions for approaching flights. One aim of the SINOPTICA project is 
therefore to display severe weather events and their predicted evolution for the guidance of aircraft, 
even at times of high traffic loads, to air traffic controllers and to take them into account in tactical 
planning in order to keep meteorological impact on flight operations during approach phase to a 
minimum. This concept distinguishes between a static and an animated dynamic support. The weather 
animation should be displayed with the same update rate of every five seconds like the update rate of 
the aircraft label on the same screen. In normal operation controllers cannot see the planned 
trajectories or routes of individual flights, but in the case of by the AMAN planned diversions, 
controllers get the possibility to superimpose the route suggestions upon request. The information 
that an aircraft got a diversion route from its previously planned Standard Arrival Route can be notified 
with an additional marker or a colour change of the aircraft label.  

The finding and the generation of diversions around adverse weather areas by an AMAN and its 
trajectory generator is noted in general lines. After detecting conflicts between current or forecasted 
adverse weather areas and planned trajectories, the AMAN extracts the concerned trajectory sections 
and significant waypoints. Depending on the movement of the cell, the AMAN must find new 
waypoints linking a route without conflicts with current and future adverse weather areas. In the next 
step, the earliest and the latest time of arrival at the runway threshold are estimated. The earliest time 
is applied to insert the flight into the actual inbound landing sequence for this runway. After 
determining the waypoints and the scheduled time, a 4d-trajectory generator calculates an aircraft 
type dependent trajectory using EUROCONTROL’s BADA data which meets the determined landing 
time by plus-minus two seconds. 

Since the pilot must deviate from his set Standard Arrival Route and the air traffic controller must guide 
him through the airspace, the AMAN generates advisories based on 4d-trajectories, which controllers 
will translate to clearances to the crew to circumnavigate thunderstorms and convective cells. These 
advisories comprise headings, speeds and altitudes until the aircraft returns to its original arrival route. 

For more details please refer to Delvirable D4.1 “Operation concept description and user requirements 
for adverse weather controller support” 
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3 Goals of Assessment and Evaluation 

The Call Technical Specifications mention the following expected impact: “The Meteorological research 
should contribute to enhance ATM efficiency by integrating meteorological information and by leading 
to a better understanding of the resilience of the ATM system to local weather and global and/or long-
term phenomena to better manage consequential delays in the Network”. This formulation describes 
the expected SINOPTICA impacts very precisely, thus the goals of assessment and evaluation have to 
be based on this impact description.   

This assessment and evaluation task will investigate and produce the methodology and plan for testing 
and demonstrating the SINOPTICA systems. It will define: 
 

- the overall and operational goals of assessment and evaluation;  
- the parameters and key performance indicators (KPIs) to be used for the evaluation;  
- the type and structure of preliminary technical tests prior to running the WP5 demonstrator;  
- the type and structure of the trials to be conducted in the WP5 demonstrator.  

3.1 Research Hypothesis and Research Questions 

Air traffic controllers still do not have a clear picture of the weather situation in their sector and in the 
Terminal Manoeuvring Area (TMA) around the airports. Nowadays their main weather information 
sources are measuring devices near the runways and oral queries from the pilots in combination with 
standard operational weather observation and forecast products not tuned to ATM operations. The 
consequence of this is that they can only act reactively if a severe weather situation develops in their 
area of responsibility. By integrating the SINOPTICA nowcasting products of severe weather areas into 
their radar display, which remains visually in the background and never obscures traffic-relevant 
information on the aircraft, controllers will be able for the first time to recognise emerging 
thunderstorm cells timely and actively counter them by intervening in aircraft control. In this way, 
delays caused by blocked airspaces and short-term evasive manoeuvres by aircraft can be significantly 
minimized. With the help of SINOPTICA weather nowcasting information, which not only takes into 
account current measurements and observations, but also uses short-term forecasts in the range of 
30 or 60 minutes, air traffic controllers can proactively guide aircraft around adverse weather areas. 
On the one hand, this makes aviation safer, since controllers proactively act and avoid thunderstorms 
at an early stage, and on the other hand, it makes it more reliable when thunderstorm cells or frontal 
systems occur, since controllers can use planning systems to predict the arrival of aircraft at sector 
entry points or the runway much better. 

Thus, the research hypothesis can be summarized to  

• Integration of nowcasting of severe weather increases the performance of an extended 
AMAN system significantly 

The research question(s) are derived directly from this hypothesis 

• Does the integration of severe weather increase the performance of an extended AMAN? 
• Which spatial and temporal resolution / which forecast skill is needed? 
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The following content describes how the tests, experiments and validation exercises will contribute to 
the SINOPTICA objectives.  

3.2 Expected Benefits by the Integration of Severe Weather into 
Extended AMAN  

The integration of weather into conventional and extended AMAN systems should result in multiple 
benefits: 
 

 Increased predictability for all contributing systems, i.e. better accuracy in arrival times will 
facilitate all airport processes, that enables shorter turnaround times and affects efficient 
departure management. 

 Increased punctuality enables efficient airline management and increases passenger 
satisfaction. 

 Increased cost-efficiency - the above-mentioned aspects contribute in optimizing the cost-
structure of all stakeholder. 

 Decreased environmental impact – efficient approach procedures reduce the environmental 
impact (CO2, noise, …) significantly.  

 Decreased traffic complexity – early mitigation measures (i.e. early deviation strategies) de-
complexify the incoming traffic. The raise of awareness is an additional side-effect of this 
considerations. 

 Decreased workload – decreased complexity normally results in a decrease of workload for 
the ATCO and pilots as well. 

 Increased safety – decreased complexity and workload normally increase the system safety.  
 
Obviously, this qualitative description is not exhaustive, only the most important aspects from the 
perspective of an ANSP are described. These benefits should be represented by appropriate key 
performance indicators (for a detailed description of KPIs refer to section 3)  

3.3 NWP Developments 

The expected improvements and benefits of the meteorological SINOPTICA developments are 
described in WP7 in more detail.  
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4 Evaluation Methodology  

This section describes evaluation strategies and technical tests that will be performed to get insights 
into the performance of the SINOPTICA system.  

This approach is intended to ensure the most comprehensive assessment possible. In this section the 
qualitative and quantitative evaluation methodology will be explained, the validation plan will be 
described in section 6 SINOPTICA System Demonstration  

All meteorological tests will be described and performed in WP7 and thus not covered in this 
document.  

4.1 Evaluation Tests and Experiments  

We use the special setup of the SINOPTICA project consortium to investigate the applicability of the 
SINOPTICA results. A two-phase evaluation methodology will be applied to investigate the functionality 
of particular AMAN- and MET-components both qualitatively and quantitatively:  

1. In WP5 we will run pre-experimental tests with quantitative reliability and sensitivity studies. 
We will use real flown trajectories to calculate KPIs for qualitative and quantitative evaluation 
of the SINOPTICA functionality. These pre-experiments are based on data analysis of real traffic 
and weather data that for the SINOPTICA project are only available for the Austrian airspace. 
That means that the more extensive qualitative and quantitative pre-experimental tests have 
to be done for Wien approach where we also can rely on the expertise of Austro Control AMAN 
experts and approach controller.  
 

2. Based on these results the validation of the entire SINOPTICA system will be done, the 
particular AMAN- and MET-components will be put together. Using real convective events and 
real traffic, the analysis and nowcasting of severe weather provide adverse weather objects 
that will be integrated into the extended AMAN. In SINOPTICA we will have to do this system 
validation for the arrivals to Milano Malpensa because the meteorological developments only 
can be done for the Italian area due to the exclusive availability of the needed super-computing 
facilities. The SINOPTICA system will be validated by AMAN experts against the operational 
concept and the user requirements (described in D4.1). With the knowledge acquired for Wien 
FIR, the AMAN-expert role is still the functional assessment of the performance of the weather 
dependent AMAN developments.  

The methodology behind both validation approaches is similar. The SINOPTICA extended AMAN will 
be compared with conventional Arrival Management using the "classical" Annex 3 input, i.e., SIGMETs, 
TAFs, Trends (i.e. without explicit weather integration).   

At first glance, the chosen approach appears to be disadvantageous, but on closer inspection it does 
deliver some advantages.    

 The quantitative investigation of the SINOPTICA system will be possible at all 

 This approach demonstrates the generic applicability of the SINOPTICA results  

 The efficient use of AMAN expertise – the experts support the pre-experimental tests and the 
system demonstration, i.e. no additional special training is needed.     
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In summary the supposed limitations in our opinion are potentially beneficial.  

All meteorological tests will be described and performed in WP7 and thus not covered in this 
document.  

4.1.1 Reference Scenario 

The currently used basic AMAN functionality will be used as reference scenario and thus as a baseline 
for demonstrating the improvements and benefits of the SINOPTICA tools.  

• Conventional Arrival Management without explicit weather integration. Severe weather is 
considered by using the currently used Annex 3 input, i.e., SIGMETs, Met reports, TAFs, Trends. 

• Decisions are made only subjectively based on the experience of supervisor and/or ATCO  

4.1.2 Solution Scenario 

The extended AMAN with full integration of adverse weather objects provides the solution scenario, a   
detailed description is given in deliverable D4.1 “Operation concept description and user requirements 
for adverse weather controller support”, a short summary is given in section 2 Operational Concept & 
User Requirements.  

4.2 Quantitative Assessment using KPIs 

The use cases defined in section 5.1 will be quantitatively evaluated by the use of key performance 
indicators (KPIs). The SINOPTICA KPIs are data metrics used to track AMAN and convection specific 
MET performance.  

4.2.1 Operational KPIs 

In SINOPTICA we selected operational KPIs that could be derived from AMAN systems and the actual 
flown trajectories as well. That shall ensure a reasonable degree of realism and the comparability 
between AMAN results and actual needs.  Hardell et al. (2020) presented an enhanced data-driven 
methodology for evaluation of arrival aircraft sequencing and spacing inside TMA [6], in the SINOPTICA 
evaluation we will adopt their operational KPIs.  

 Time to Final is defined as the minimum time it takes the aircraft to get from its current 
position to the final approach point. 

 Spacing deviation – the spacing of an arriving aircraft pair at time t is defined as the difference 
between the respective minimum times to final. 

 Sequence pressure – The sequence pressure for an aircraft at time t is the number of aircraft 
with the same time to final within a given time window w; it reflects the aircraft density at 
different time t. It is calculated for each aircraft at any time of its presence within the TMA 
with the discrete time steps. Sequence pressure quantifies aircraft density and characterizes 
the type of metering used in this particular airport and sequencing within TMA. 

The comparison of the calculated KPIs for reference and solution scenarios will give insights into the 
performance of the SINOPTICA system.  
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4.2.2 Cost-Efficiency KPI 

Beyond safety, cost-efficient operations are one of the main concerns of an airline operator. To track 
cost-efficiency performance we will adopt the concept of arrival delays into the SINOPTICA system. 
This KPI will be modified by not only considering the TMA but including the extended AMAN horizon 
as well.        

 Flight-time from the extended freezing horizon until landing (ATA) for the different levels of 
weather integration (the resulting differences can be interpreted as airborne delay according 
to the study “European airline delay cost reference values” by the University of Westminster5). 

 Track miles flown from the AMAN extended freezing horizon until the Final Approach Fix. 

These KPIs will be calculated for reference and solution scenarios, the differences describe the 
performance of the SINOPTICA system regarding cost-efficiency. 

According to our research hypothesis we expect a more regular and smooth traffic pattern and 
therefore a greater throughput that should decrease the airborne delays, i.e. the extended AMAN with 
weather integration will provide realistic arrival sequences and reliable estimated arrival times (ETA).  

4.2.3 Safety KPI 

An automated system doesn’t have any safety issues per definition. Hence, we decide to use a 
workload metrics as a proxy for safety. In SINOPTICA we will use the “number of advisories” to compare 
the AMAN performance with observed flown trajectories against the “classical” reference, i.e. the 
currently used methods. 

 Number of advisories, that will be given by the AMAN systems. 

This evaluation can only be done qualitatively by the comparison with directional changes in the real 
flown trajectories.   

4.2.4 Meteorological KPIs 

A detailed verification of meteorological systems will be done in WP7. These skill scores will be used 
as meteorological KPIs (for more information refer to WP7).  

4.3 Sensitivity Analysis 

An important aspect of an AMAN system is the robustness against environmental and traffic initial and 
boundary conditions. In the SINOPTICA evaluation we will perform various experiments to investigate 
the system sensitivity.    

                                                           

 

5 https://www.eurocontrol.int/sites/default/files/publication/files/european-airline-delay-cost-reference-
values-final-report-4-1.pdf  
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It is planned to assess the impact of inaccuracies of input data by varying: 

 Flight plan – the incoming flights will be moved randomly forward and backward when 
entering the AMAN system, i.e. at the extended horizon. This moving must obey that the 
sequence pressure has to be held constant.  

 MET data – the convective cells will be varied temporally and spatially as well. This experiment 
should give insights into the sensitivity to forecast errors. 

Remark: For quantitative assessments wind effects should be considered at least roughly, hence 
Mode-S derived wind data will be used implicitly.  

The knowledge gained in this section allows the methodology to be transferred to other approach 
areas. 

 



4.2 EVALUATION METHODOLOGY AND PLAN    

 

 

. 
18

 

 

5 Pre-experiments and Data analysis 

5.1 Qualitative Evaluation of the SINOPTICA Extended AMAN 
Functionality 

In the first evaluation phase the SINOPTICA system will be investigated by comparing AMAN results 
with real observed data (aircraft trajectories and convective weather). To assess the system as 
generically as possible it is planned to apply the AMAN on many different use cases, i.e. different 
approach phases, various weather situations and different traffic loads. A qualitative assessment will 
be done by AMAN experts, for a more quantitative assessment we will apply the key performance 
indicator framework defined in section 4.2.  

For this purpose, we have to use airspace, where we can access to historical traffic and weather data 
very easily (in the actual project setup, this will be the Austrian airspace). For the entire project, starting 
with initial tests up to validation, we can rely on the expertise of trained Austro Control air traffic 
controllers.  

5.1.1 Weather View 

Case studies of interesting convective events will be investigated to evaluate the performance of the 
AMAN. Figure 2 and Figure 3 give an example of the passage of a line of thunderstorms north of Vienna 
airport that significantly impacted the arrival management. Especially flights arriving from the north 
and northwest experienced constraints by convective cells whereas incoming flights from the south 
were nearly unconstrained.  

From the thunderstorm maturity perspective, in SINOPTICA we identify three stages. Figure 3a-f 
gives an overview about the weather evolution in Wien FIR.  

1) The onset of convective disturbances is characterized by towering cumulus clouds with no 
detectable organization. Aircraft will start to avoid these developing cells; ATCO workload is 
increasing but at this stage arrival management normally is only impacted at a low degree. 
Flow Management and supervisors are preparing for intensifying convection i.e. awareness for 
available staff etc. (Figure 3-1st row). 

2) The mature phase – the whole arrival sequence will be disturbed (Figure 3-2nd row). The 
inbounds from the N have to be vectored around the cells, ATCO workload is increased 
significantly.  

3) Recovery phase (Figure 3-3rd row). Transition to normal convection-free operations, holding 
stacks will be emptied, trajectories follow the published routes.   

Regarding the SINOPTICA evaluations, the time evolution of the CB-developments will provide 
different degrees of the convective disturbances 
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Figure 2 a-f: Example of a convective event in Wien FIR on June 27th2019, 05:00-10:00 utc. Each of the figures 
show a weather radar display, the different colours represent vertical and horizontal maxCAPPI reflectivity values 
translated into precipitation rate (scale on the lower left border). The white background symbolizes the radar 
detection range. Orange lines mark the sectors of Wien FIR and the adjacent sectors. The red circles mark the 
area LOWW (Vienna airport). The weather radar images show in the 1st row the onset, in the 2nd row mature 
phase and in the 3rd row recovery phase of this event.  

Exemplary a somewhat enlarged view (Figure 3) with STARs and RNAV transition for the northern 
inbounds.  
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Figure 3a-d: Zoom of the thunderstorm line at Vienna Approach June 27th 2019 from Figure 2. The black lines 
represent STARs and RNAV transition for runway 34.  

5.1.2 Approach Phases 

Besides all the interesting weather evolution Figure 2 and Figure 3 also contain a lot of AMAN relevant 
features over a wide range of spatial and temporal scales. The different study areas and areas of 
interest are demonstrated with the use of arrival charts for Vienna (LOWW): 

1) Extended Horizon of 150 nm (Figure 4): Extended AMAN systems initiate their calculations 
with the initial approach, starting from the Top of Descent (ToD) down to the beginning of 
the Standard Terminal Arrival Routes (STAR). At this point an extended AMAN already 
determines the landing sequence (freezing horizon), the flights are still controlled by ACC. 
From Figure 4 it is obvious that for the Austrian FIR all lower sectors will be impacted by 
extended arrival management. Free Route Airspace allows the use of the whole available 
airspace to circumnavigate around CB cells. Typical time scales for flying within this area 
ranges between 15 and 20 minutes. The most important criterion for an AMAN system will 
be an accurate as possible estimation of Time to Lose / Time to Gain values for each flight.   

2) Standard Arrival Route (STAR) (     Figure 5): In normal operations, i.e. unconstrained 
conditions, the aircraft follow the STAR and transition routes. In this flight phase, the 
evaluation should assess the aspects of a reasonably realistic deviating from and returning to 
the routes due to CBs and the resulting additional flight times. Besides the weather impacts 
an AMAN system still must calculate the remaining flight time and derive appropriate speed 
instructions to ensure the sequencing defined at the freezing horizon (cf. 1).   
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3) RNAV arrivals (     Figure 6): The most important task on the transition is the establishing of 
the pre-determined landing sequence and preparing the necessary spacing on the final 
approach (due to wake vortex categories). Due to the small distances between the routes 
normally there is not very much room for deviations around CB cells, a significant constraint 
an AMAN has to deal with.    

4) Final approach phase (FNA): In SINOPTICA AMAN calculations end at the Final Approach Fix 
(FAF in Figure 7). 

 
Figure 4: Chart of Wien FIR. The red circle represents the 150 nm radius for the extended freezing horizon of the 
AMAN Vienna6 and shall give an idea about the range to be considered in SINOPTICA  

                                                           

 

6 https://eaip.austrocontrol.at/lo/201204/Charts/ENR/LO_ENR_6_6_en.pdf 
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     Figure 5: Standard Arrival Routes (STAR) for Vienna7 

 
     Figure 6: RNAV transition for runway 348 

                                                           

 

7 https://eaip.austrocontrol.at/lo/201204/Charts/LOWW/LO_AD_2_LOWW_24-5-1_en.pdf 

8 https://eaip.austrocontrol.at/lo/201204/Charts/LOWW/LO_AD_2_LOWW_24-5-2-4_en.pdf 
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Figure 7: Instrument Approach Chart for runway 349 - AMAN calculation ends at Final Approach Fix  

The performance of the SINOPTICA AMAN system will be assessed by considering these spatial scales 
and the weather evolution.  

                                                           

 

9 https://eaip.austrocontrol.at/lo/201204/Charts/LOWW/LO_AD_2_LOWW_24-6-9-4_en.pdf 
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5.1.3 Traffic View 

In hub airports traffic often is organized in waves. For example, in the morning when the European air 
traffic awakes at all major hubs most of the flights depart, 1-2 hours later (depending on distance and 
flight time) all these flights arrive at the destination airports and approach control has to deal with a 
bunch of incoming flights (arrival wave). This wave-like structure enables a system where passengers 
efficiently can reach their connection flights and is an important aspect of the European network.  

Convective constraints significantly disturb the efficient processing at network level and at the 
concerned terminal areas as well. In SINOPTICA we will investigate how well these impacts can be 
managed by an AMAN system over a wide range of traffic loads by the use of the above described case 
studies.  

5.2 Quantitative Pre-experimental Tests of the SINOPTICA Extended 
AMAN Functionality 

The quantitative assessment of the SINOPTICA system will be done by calculating KPIs according to the 
definitions in section 4.2 Quantitative Assessment using KPIs.  
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6 SINOPTICA System Demonstration 

In the system demonstration, all relevant SINOPTICA parts and tools are now to be put together to 
form a larger whole. The objective of this demonstration is to prove that the developed extended 
Arrival Manager and meteorological models are able to lift the improvements defined in the project in 
reality.  

The system demonstration follows the principles and methodologies described in the previous 
chapters (refer to chapter 4 Evaluation Methodology).  

 Reference scenario (refer to 4.1.1): The currently used basic AMAN functionality will be used 
as reference scenario and thus as a baseline for demonstrating the improvements and benefits 
of the SINOPTICA tools.  

• Conventional Arrival Management without explicit weather integration. Severe 
weather is considered by using the "classical" Annex 3 input, i.e., SIGMETs, Met 
reports, TAFs, Trends. 

• Decisions are made only subjectively based on the experience of supervisor and/or 
ATCO  

• Solution scenario: The extended AMAN with full integration of adverse weather objects 
provides the solution scenario (a short summary is given in Section 2 Operational Concept & 
User Requirements).  

• More accurate estimated times of arrival will build an more precise arrival sequence 
• Advisories for manoeuvering around convective cells 

 Quantitative comparison by calculating KPIs for the considered case studies 

 Qualitative assessment by Austro Control AMAN experts, where they will apply the knowledge 
gained during the pre-experimental functional tests10  

6.1 Validation Workshop 

For this proof of concept, we plan to hold a validation workshop with the project team, operational 
ATCOs, and ideally advisory board members as well.   

The validation workshop essentially will consist of three parts: 

 In a first step, we will resume the relevant project activities, results and improvements 
following the Work Package structure (described in Figure 1). For this purpose, we select 
significant thunderstorm events out of the document D5.1 “Report about event selection” (e.g. 
the “Milano Malpensa” case study from May 11th 2019, cf Figure 9) and apply all SINOPTICA 

                                                           

 

10 The project consortium expects a gain of efficiency by integrating AMAN experts that are already familiar with 
the SINOPTICA functionalities. That advantage should prevail the lack of detailed knowledge of Malpensa 
approach procedures. Additionally, the aspired low TRL 1-2 enables this approach. Moreover, the validation of 
these tools at different approach areas should provide information about the generic applicability of the 
SINOPTICA tools. 
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developments on this case. The goal of this activity is that all workshop participants (especially 
the non project members) have a common understanding of the SINOPTICA concepts and 
developments.  

 The main part of this validation workshop will be devoted to the demonstration of the 
improvements along the AMAN phases described in section 5.1.2. That will be done by 
comparing the SINOPTICA tools and their benefits with the currently used concepts and 
procedures, i.e. we will compare the AMAN with and without weather input and activated 
controller guidance support functionalities. For this demonstration we selected Milano 
Malpensa (cf.), a high density TMA where an extended AMAN functionality has to be 
implemented until 2024 [7]11. We will use the events selected in WP5 for demonstrating the 
impact on the different approach phases: 

o Milano Malpensa, May 11th 2019 for the impacts on Standard Arrival Routes (STARs), 
RNAV transitions, final approach and airport (Figure 9); 

o Bergamo, August 6th 2019 for the impact on STARs and RNAV transitions (Figure 10 
left);  

o Venice, July 7th 2019 for investigating the extended AMAN functionalities (Figure 10 
right). 

• We will initialize the AMAN at the extended horizon of 150 nm and compare the calculated 
with the real flown aircraft trajectories. For this comparisons, we will use the methods 
described in section 4 and WP7, i.e. we will discuss and evaluate qualitative and quantitative 
benefits on the basis of defined KPIs of the SINOPTICA tools. We will adress the research 
questions in structured interviews / discussions with AMAN-experts by going through the user 
requirements of D4.1   

 The discussion of an outlook and possible and useful future steps including system and 
procedure design will complete the SINOPTICA validation workshop.  

The results of this validation workshop will be documented in D5.3 “Report about forecast system 
demonstrator results”. 

                                                           

 

11 https://ec.europa.eu/transport/modes/air/sesar/deployment_en  
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Figure 8: Standard Arrival Routes and RNAV Transition for runways 35R and 35L of Milano Malpensa airport.12  

6.2 Data Aspects 

Technically speaking the system demonstration will be done by a real-time application of the DLR 
extended AMAN with integration of adverse weather.  

The necessary input data will be delivered by 

 WP5 and WP7 for meteorological data  

 Flightradar24 data for the flight track data needed for initialization and comparisons 

Data bases will be used for archiving  

• The calculated aircraft trajectories (track data)  
• Log-Files of advisories  

These data base provides the data for post processing i.e. for calculating the KPIs (defined in 4.2 
Quantitative Assessment using KPIs)  

                                                           

 

12 https://www.enav.it/sites/public/en/Servizi/areonautical-information.html# 
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Figure 9: Significant thunderstorm event at Milano Malpensa airport (red circle), May 11th 2019 (left – weather 
radar Vertical integrated liquid (VIL), right - weather radar echo tops maximum (ETM)13  
  

Figure 10: Thunderstorm events for SINOPTICA system demonstration. Images are VIL density weather radar11 
products. On the left image Bergamo August 6th 2019, right image Venice July 7th 2019. For more details refer to 
WP5 and the report D5.1 “Report about event selection”.    

 

                                                           

 

13 More detailed information about weather radar products is found on deliverable D5.1 



4.2 EVALUATION METHODOLOGY AND PLAN    

 

 

. 
29

 

 

7 References 

[1] SESAR 2020 Experimental Approach guidance ER, Edition 00.01.00, 11/12/2020 

[2] SINOPTICA, SINOPTICA 892362 Consortium Agreement, v1.0 

[3] Participant Portal H2020, Online Manual, https://ec.europa.eu/research/participants/docs/h2020-
funding-guide/index_en.htm 

[4] European Commission, Guidelines on Data Management in Horizon 2020, 
https://ec.europa.eu/research/participants/docs/h2020-funding-guide/cross-cutting-issues/open-
access-data-management/data-management_en.htm 

[5] SINOPTICA, SINOPTICA 892362 Grant Agreement, v1.0 

[6] H. Hardell, T. Polishchuk and L. Smetanova. “Fine-Grained Evaluation of Arrival Operations” in 10th 
SESAR Innovation Days, 2020.   

[7] Commission Implementing Regulation (EU) No 716/2014 of 27 June 2014 on the establishment of 
the Pilot Common Project supporting the Implementation of the European Air Traffic Management 
Master Plan 

 


