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Abstract: 
To-day, in order not to deliver traffic over the capacity of control positions, the ATFM system delays 
aircraft on the ground. “Slots” are issued two hours before take-off time. Because of operational drifts (in 
between the slot issue time and the actual entry time of aircraft in the congested area), very often, actual 
traffic situations are very different from ground delay system results. 
The FAM concept aims to propose and test a particular approach to complement the current ATFM 
system using Traffic Synchronisation: implementing actions on airborne aircraft (Re-routing, Sequencing) 
on close aerodromes (“minimal departure interval”) or on airspace configurations. This is based upon a 
better accuracy of traffic prediction (ETFMS) and a dynamic negotiation between Traffic Managers 
(ANSPs and CFMU) co-involved in the implementation of these actions. 
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EXECUTIVE SUMMARY 

 
 
This document relates to the “Future Air Traffic Flow Management Measures” (FAM) project 
developed by the Network Capacity & Demand Management (NCD) business area of the 
EUROCONTROL Experimental Centre (EEC). 
The objective of the project is to act as a proof of feasibility of the Future ATFM Measures 
concept by validating its use in a simulated operational environment. 
This Conceptual Basis document is also expected to be used by the partners involved, both 
in the FAM and Co-operative Air Traffic Management Measures for a European Single Sky 
(CAMES) projects, to ensure their understanding and agreement of the FAM Concept 
definition. 
 
 
Current System Problems 
 
Today, the means of assuring the daily protection of controllers from traffic overloads in 
Europe quasi-exclusively relies on the use of ground delays applied to traffic demand, an 
operation centrally managed by the Central Flow Management Unit (CFMU).  
 
About 400 regulated hours are recorded daily in the European Civil Aviation Conference 
(ECAC) zone. A one per cent probability of a 25% traffic load excess represents an average 
of 4 critical hours a day within the ECAC zone. The risk, therefore, is clearly perceptible by 
Air Traffic Control (ATC) in operations.  
 
The current ATFM system is rigid and does not allow pro-activity in the tactical phase 
because it hard-wires delivery to pre-tactical demand. Additionally, the deviations in 4D 
flight profiles from planned to actual can lead to over-deliveries to regulated sectors, under-
deliveries to regulated sectors and over-deliveries to unregulated sectors. As a result of the 
lack of flexibility in the current system, and therefore regulation, the flow is constrained by 
the network bottleneck. In effect, the weakest link in the chain dominates the resilience of 
the system to accommodate demand. 
 
ATFM statistics reveal that, most often, real-time “operational hazards” make it difficult to 
comply with delay instructions, in other words a strict adherence to what was planned by 
the CFMU. Such a phenomenon is quite critical since even slight operational drifts may 
cause traffic over-deliveries or, at the other extreme, capacity losses. 
 
 
FAM Concept Responses 
 
In response of this range of problems, the concept developed by FAM is to consolidate the 
traffic smoothing performance by complementing the current ATFM system with the 
following: 
 

 Real-time Air Traffic Synchronisation activity, which consists of implementing corrective 
actions on applicable traffic until the traffic is actually handed-off to the controllers to 
control. 



    

_____________________________________________________________________________________________________ 
Future ATFM Measures – Conceptual Basis- version1.1 

vi 

 Dynamic Negotiation aimed at achieving prompt dynamic “agreements” between ATFM 
and ATC, co-involved in the implementation of corrective actions on traffic transiting from 
one sector to another. 
 
To resolve and absorb the problems identified previously, flow managers could seek to 
dissipate a predicted overload in a sector or at an airport by dynamic co-ordination with 
upstream actors. This concept of operations will rely on a framework of co-operation of all 
stakeholders in order to maximise the efficiency of the system. These actions would not 
simply network an ATFM bottleneck to another point in the system but would seek to make 
better use of existing capacity, so as to deliver a net benefit to actors and airspace users 
alike and to maintain or improve the safety of the system.  
 
 
Concept Validation 
 
To enable this, information and decision management tools will be employed that, 
significantly, would evolve from existing technologies, and would, therefore, not require 
any major technological shift. On the other hand, because of their very nature (that is, one 
organisation providing co-operative, added value services to other organisations), they will 
need an institutional and economic framework to be defined. 
 
The Enhanced Tactical Flow Management System (ETFMS) currently being implemented by 
the CFMU will correlate live radar data from all over Europe. This will undoubtedly provide a 
real advance in ATFM towards Air Traffic Flow and Capacity Management (ATFCM) with the 
ability to monitor the real-time situation system wide. Also, there will be the possibility of 
supplementing the resolution of this correlated radar data as more major airports embrace 
Collaborative Decision Making (CDM) and the status of ground operations can be followed 
more closely.  Traffic forecasts using this real-time information, should therefore be able to 
predict loads with much tighter tolerances than is currently achievable. 
 
The real-time process has been designed in order to enable prompt resolutions of traffic 
overloads. The main challenge is put on the ways to optimise the time it takes to complete 
the process.  
 
The process is punctuated by the following events: 
1. Synchronisation process activation, right after the detection of a risk of overload 

2. Synchronisation strategy validation, right after the negotiation process. At that stage the 
synchronisation strategy is fixed and agreed by all partners 

3. Strategy execution phase activation, at the stage where the synchronisation begins to 
take effect in actual operations 

4. Synchronisation process completed at the entry of traffic into the protected zone 
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FAM Concept consolidation 
 
The conceptual baseline presented throughout this Document is what could be concretely 
proposed to achieve the objectives pursued in FAM. The concept presented here essentially 
results in a qualitative analysis of the current operating system and perceived enhancement 
potentials offered by both ATFM and ATC know-how. The quantitative analysis should still 
be pursued since many questions remain open in the document concerning procedural 
validity, organisational evolution and technical requirements. 
 
The concept still requires consolidation in various fields. The FAM project is focussing on 
the provision of technical solutions and of clear procedures to achieve rapid inter-Area 
Control Centre (ACC) synchronisation reaction in response to late-arising risks of traffic 
overload. 
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1 INTRODUCTION 

1.1 Document rationale  

The present document relates to the “Future Air Traffic Flow Management measures (FAM)” R&D project 
developed in the Network Capacity & Demand Management (NCD) business area of Eurocontrol 
Experimental Centre (EEC). The first Conceptual Basis Document edition dated from December 2001 
was reporting the fundaments of the FAM concept. 
This new intermediate version describes in more specific terms the basis according which the FAM 
project will study the operational feasibility of its concept. 
This document is expected to be used by the partners involved both the FAM and Co-operative ATM 
Measures for a European Single Sky (CAMES) projects, to ensure their understanding and agreement of 
the FAM Concept definition. 

1.2 FAM Concept rationale 

In the autumn of 2000 the results of the “Independent study for the improvement of the ATFM system”1 
were disseminated to the Air Traffic Management (ATM) community. It was stating for the quality of the 
Air Traffic Flows Management (ATFM) so far reached in Europe. Among the expressed recommendations 
particular emphasis was given on the low cost and short-term achievable benefits, which would certainly 
rise from “the definition of new organisation and rules” for the ATM while “avoiding competition and 
creating a common European team spirit between ATFM actors”. This would be achieved by “having a 
better balance of Air Traffic Control (ATC) workload, aiming at a global optimum instead local ones” and 
“creating a more effective ATFM system giving to it the appropriate human resources and more efficient 
tools.  
The recommendation was taken over in the NCD business area and led to the development of a concept 
based on the idea of complementing the current ATFM system with a series of measures in the tactical 
and real time fields. These short-term measures constitute what was recently named the “Real Time Air 
Traffic Synchronisation”. They use ATFM positioning assets, ECAC-wide scope and ATC / Aircraft 
Operators / Airport crossing point but in a much more reactive manner in order to “fill in the gap” between 
current ATFM planning efforts and real-time ATC activity. 
The objective of the project is to act as a proof of feasibility of the Future ATFM Measures concept by 
validating its use in a simulated operational environment. 

                                                 
1 led by Philippe Jaquard 
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2 FAM CONCEPT PRESENTATION: “REAL-TIME AIR TRAFFIC 
SYNCHRONISATION” 

2.1 Current System  

Air Traffic Flow Management (ATFM) provides a service complementary to Air Traffic Control (ATC). 
Limited Air Traffic Control capacity requires a regulatory mechanism to prevent potentially dangerous 
overloads. 
The objectives of ATFM are to: 

- Protect ATC from overloads, 
- Provide an optimal flow of traffic by best use of the available capacity. 

2.1.1 Phases of ATFM activity 
 

 
 

Figure 1 – The 3 phases of the ATFM activities 
 

As shown through the here-above presentation slide from the executive summary of CFMU Operations 
2002, we must distinguish between three different phases of the ATFM activities: 
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2.1.1.1 Strategic ATFM 
Strategic ATFM activities are executed from several months until two days before the day of operation. 
The CFMU has participated in the provision of this service since 1987. 
This action influences the use of the route network and the airspace organisation in ATC e.g. RAD (Route 
Availability Document). 
 

2.1.1.2 Pre-Tactical ATFM 
Pre-Tactical ATFM activities take place during the six days before the day of operation of a flight. This 
phase prepares the day of operation and results in an ATFM Daily Plan (ADP). Information is provided via 
messages e.g. ATFM Notification Message (ANM). The ANM is a description of all ATFM measures to be 
implemented for a specific day e.g. definition of areas with list of re-routeing and slot allocation measures. 
 

2.1.1.3 Tactical ATFM 
Tactical ATFM activity is executed on the day of operation of a flight. The main Tactical tasks are the 
provision of slots, ad-hoc re-routeings and management of available capacity. 
 
 

2.1.2 Operational Structure 
 

 
 

Figure 2 – The Operational Structure with CFMU 
 

On the one hand, the ATFM system is decentralised if considering the existence of Flow Management 
Positions (FMPs) in Air Traffic Control Centres (ACCs) for the traffic planning and monitoring and on the 
other hand rather centralised with regard for instance to the ground delay system by the CFMU. The 
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ATFM service is delivered in an open loop mode from the Aircraft Operators (AOs) point of view with a 
high level of automation. 
AOs are required to send Flight Plan Data through the Integrated Initial Flight Plan Processing System 
(IFPS) to the CFMU. Then, the processed data are provided to the Flow Management Division (FMD) in 
Brussels and to remote positions in ACCs equipped with CFMU Terminals. The air traffic flow managers 
FMD in CFMU together with FMPs in the ACCs can then determine ATFM schemes through comparisons 
between the traffic demand and the available ATC capacities. FMD then activate the necessary ATFM 
measures (regulations) in the TACTICAL (TACT) System. 
 
 

2.1.3 Current System Functioning Overview 
To depict the actual functioning we can consider the current system as a series of filters enabling to daily 
adapt the demand to the level of the available capacity. 
Today the means of assuring the daily protection of controllers from traffic overloads in Europe quasi-
exclusively relies on the use of ground delays. When the CFMU is requested by an ACC to regulate the 
traffic, it plans necessary ground delays flight by flight in order to smooth the level of the demand to the 
available capacity declared by the ACC. The calculation is processed on AO’s announced Flight Plans at 
least one or two hours before flight departures. The CFMU action ends with the communication of delay 
instructions to Aircraft Operators. 

 
 

Figure 3 – The current ATFM process  
 
The here above diagram represents the current process made of two main filters; one is the pre-tactical 
filter consisting of traffic balancing negotiations between ATC, the CFMU and AO, the other of tactical 
implementations of ground delay regulations operated by the CFMU on ATC request. 
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2.2 Why implementing “Real-time Air Traffic Synchronisation” in Europe?  

2.2.1 PROBLEM IDENTIFICATION 
The ATM 2000+ strategy has high level Key Performance Areas such as Safety, Economics, Capacity, 
etc. Each of which can be broken down into various sub categories as below (ref EUROCONTROL/FAA 
Action Plan 5 Validation doc. Operational Concept Validation Strategy’ 23/11/01) 
 

Key ATM Performance 
Category Objectives 

Sub Category 

Airspace Throughput 
Access 
Predictability 
Flexibility 
Airport Capacity 

 
 
Capacity 

Flight Efficiency 
Service Charges 
Equipment Costs 
Flight Efficiency 

 
Economics 

Operating Costs 
Risk Identification 
Risk Classification 
Risk Management 

 
Safety 

Risk Monitoring 
Gas Emissions Environment 
Noise 

National Security  
Operability Usability 
Uniformity Interface Standards 

 
All the problems described below are globally characterised by the ATM 2000+ Key Performance Area of 
Capacity and are described in the context of the reference sub-category.  However, it is inevitable that 
whilst the current system lacks predictability with regard to over deliveries then there is consequent 
impact on the Key Performance Area of Safety and therefore the sub-categories Risk Identification and 
Risk Management as well as for Economics Operating Costs category. 

P1 – [Lack of flexibility] 
Problem 
The current ATFM system is rigid and does not allow pro-activity in the tactical phase because it hard-
wires delivery to pre-tactical demand.  Because of the uncertainty in the system, the perceived safest 
course of action is adopted – namely regulation.  The open loop application of slot allocation almost 
irreversibly imparts delay to the system. 
Cause 
The methodology for maintaining traffic flows within acceptable limits of capacity is to constrain the 
departure rates at airports feeding affected sectors.  The decision point for employing this constraint is 2 
hours ahead of the real-time horizon and hence relies on information with a wide tolerance band.  Once 
this decision has been taken whether to regulate or not, there can be no reversal, regardless of whether 
the predicted situation worsens or in fact improves to the point that slot allocation becomes unnecessary. 
 
 
P2 - [Predictability and Risk Identification - Deviations in 4D flight profile from planned to 
actual] 
Problem 
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This can lead to the problems described in P4, P5 and P6.  Further, whilst so much error exists in the 
system, it is the characteristic over-protection of P1 will remain. Calculated Tube? 
Cause 

• Non-compliance of Calculated Take-Off Time (CTOT) due to ground based operational drift 
and/or non-adherence to regulated departure rates by airports. 

• Estimated Take-Off Time (ETOT) is not observed and /or there is non-adherence to scheduled 
departure rates by airports. 

• Non-adherence to planned Requested Flight Level (RFL) because of pilot request and/or 
discrepancies in plans. 

• Non-adherence to planned lateral path because of direct routing and/or discrepancies in plans. 
• Discrepancies between plans held by CFMU, AO, Air Traffic Service Unit (ATSU) and pilot. 

 
P3 - [Reduced airspace throughput] 
Problem 
Reduced airspace throughput 
Cause 
As a result of P1, and therefore regulation, the flow is constrained to the network bottleneck.  In effect the 
weakest link in the chain dominates the resilience of the system to demand. 
Because of P2, and therefore P4 and P6, overload avoidance procedures will throttle the flow of traffic to 
affected sectors.  If the over-delivery can not be successfully absorbed by spare capacity in the en-route 
airspace then ground delays will occur.  The worst case scenario would generate cancellations.  The 
open–loop nature of the problem is illustrated in the figure below. 
 

Overload forecastOverload forecast

Tactical Real-time
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Figure 4 – Origin of a sector overload 
 
 
P4 – [Predictability and Risk Identification- Over-delivery to regulated sectors] 
Problem 
The predicted traffic load as the real time horizon approaches can be greater than that at the time of 
regulation.  Hence the actual delivery of traffic can exceed the operational capacity of a regulated sector.  
To maintain safety, the affected sector is closed to new traffic until controller workload diminishes to an 
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acceptable level.  For affected flights, there is the necessary impact of delay in departure for non-active 
traffic and en-route delay for active traffic that is forced to re-route. 
Cause 
The regulated 4-D profile is not observed, leading to changes in the regulated sector delivery rates (see 
P2 for underlying reasons).  Of primary concern is non-compliance of regulated traffic with CTOT at 
departure airports. 
Small perturbations in the global performance of operations can easily be an amplified delivery to the en-
route environment of the regulated traffic.  This has been reported previously in some detail2 and is 
characterised by the term “traffic bunching”.   
 
P5 – [Predictability and Risk Identification- Under-delivery to regulated sectors] 
Problem 
In addition to over-delivery, there can also be under-delivery of traffic to a regulated sector.  In these 
circumstances, regulated flights therefore experience an unnecessary penalty by being constrained to 
allocated slots.  For the affected sector, there is also the under-usage of human operational resources to 
consider which could have been usefully applied elsewhere. 
Cause 
Due to similar causality as P4, traffic not observing the regulated 4-D profile can also lead to troughs in 
the flow. 
 
P6 – [Predictability and Risk Identification- Over-delivery to unregulated sectors] 
Problem 
Whilst there is official reporting of the causes of, and the impact of, regulation there is no such 
mechanism for reporting drift and delay in unregulated schedules.  Delivery of traffic can unexpectedly 
exceed the operational capacity of an unregulated sector.  To maintain safety, the affected sector is 
closed to new traffic until controller workload diminishes to an acceptable level.  This inevitably leads to 
ground and en-route delays. 
Cause 
The expected 4-D profile is not observed, leading to changes in the expected sector delivery rates. 
At the decision cut-off point for regulation the forecast traffic delivery does not necessitate regulation.  
However, due to inconsistencies in stakeholder held flight plans and, or in addition to, drift in the 
operational network the real-time delivery can exceed capacity. 
The nature of the over-delivery is difficult to anticipate if the sector is not previously regulated and is 
therefore not protected from traffic that was not otherwise forecast in the planning or pre-tactical phases.  
Hence, if ETOT is not observed there is an offset in the timing of delivery.  If RFL is not observed then the 
vertical delivery of traffic can change from the intended sector.  However, lateral re-routings can deliver 
traffic to unprotected sectors downstream with no warning. 
 

                                                 
2 Reducing Traffic bunching through a more Flexible Air Traffic Flow Management, Stoltz & Ky, 4th 
USA/Europe R&D Seminar 
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2.2.2 PROBLEM OVERALL SOLVING 
 
ATFM statistics reveal that most often real-time 
“operational hazards” make difficult to adhere to 
delay instructions.  
 
Such a phenomenon is quite critical since even 
slight operational drifts may cause traffic over-
deliveries or at the opposite capacity losses. 
(See lower curve in right diagram).  
 
The solution we introduce aims to consolidate the 
traffic smoothing performance by complementing 
the current ATFM system with the following: 
 

 First, Real-time Air Traffic Synchronisation, 
an activity which consists in implementing 
corrective actions on traffic upstream from 
the overloaded sectors. Its role is to maintain 
smoothed traffic loads and provide solutions to 
the risk of operational drifts, taking into account 
up-dated ATC needs and up-dated status of the 
flows. 
 

 Second, dynamic negotiation aimed at 
achieving prompt dynamic “agreements” between 
ATFM and ATC co-involved in the 
implementation of corrective actions on traffic 
transiting from one sector to the other.  
 
A same nature phenomenon occurs for non 
regulated traffic due to some differences between 
scheduled and actual departure time, non 
adherence in 4D flight profiles from plan to actual 
and some other operational deviations. 

 
 

             Figure 5 – Current operational drift  
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2.2.3 PROBLEM “QUANTIFICATION” 
 
Within this paragraph, in order to proceed to the problem quantification, we begin with the assessment of 
the operational drift, at a 1st level for regulated flights then generalised for every category of flight. This 
assessment makes possible a rough idea of the problem quantification. An overall quantification study is 
yet defined and will produce some results before the end of the year 2003 with an accuracy that will 
depend on the quality of available data. 

2.2.3.1 Operational drift assessment for regulated flights 
To assess the drift from plan phenomenon we can consider a situation where a regulation is set for a 
sector with a capacity of 40 flights per hour. Demand smoothing at the CFMU is processed. CTOT are set 
with accuracy up to the minute. To adhere to the 40 flights per hour capacity new Take-Off Times are 
calculated in such a way that more or less one flight every one-minute and a half are delivered to the 
regulated sector. During the real-time execution of the plan, the procedure of application of CFMU plan 
applies. It is basically the following: Flights while airborne must follow their declared Flight Plan, excepted 
ATC counter-instruction or any other impediment. Flights must take-off within the [CTOT -5 minutes; 
CTOT + 10 minutes] tolerance window. The rule was agreed with Aircraft Operators as the best 
achievable adherence in real-time to CFMU Take-Off Time instruction. Let us now examine what could be 
the risk that traffic overload reoccurs at the regulated sector with this regular source of variation to the 
plan. 

              
0 % 

5 % 

10 % 

15 % 

20 % 

-50% -25% 0 +50%+25%

Flight Amount
(Delta / Capacity)

Flights amount Probability  
within a reference window 

 

 
Figure 6 – The probability law of expectable flight amount within the reference window 

 
 
50% over-delivery probability is effectively negligible. But (>= 25%) load excess probability is of about 
1%. (>= 20%) load excess probability is of about 3% and (>= 15%) reaches 8%. 
 
Above figures were obtained with 40 flights per hour capacity, which is a classical or even high capacity 
figure for Europe. However the results translated in percentages can be extrapolated with any other 
capacity figure. 
The phenomenon highlighted here is an example of what could be called the “institutional” drift from plan 
phenomenon. The probability figures above are obtained with [CTOT-5min; CTOT+10min] rule 
systematically respected. Now ATFM statistics reveal that it is not always true in reality and that cases of 
non-adherence to the rule are far from negligible. Up to 30% non-adherence was indeed recorded in 
certain large European airports in 2000). The result is an increasing traffic over-delivery risk where 30% 
to 40% load excesses become possible. 
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2.2.3.2 Capacity buffer 
 
About 400 regulated hours are daily recorded over the ECAC zone. One per cent probability of 25% traffic 
load excess will produce an average of 4 critical hours a day within the ECAC zone. The risk is therefore 
clearly perceptible by ATC in operations.  
It is thus plainly taken into account by Air Control Centres within the regulation process. Capacities they 
declare to the CFMU are intentionally underestimated. A certain capacity amount is therefore “hidden” to 
the CFMU system. It is kept in-house as a buffer, for exceptional use to absorb potential over-delivery 
problems. 

Actual
Amount

of
Traffic

received

Actual traffic received at the congested zone

Time

Declared Capacity

Actual Capacity

Buffer

 
Figure 7 – The capacity buffer 

 
Estimating the average buffer size is a complex task3. Still at least several capacity points are certainly at 
stake since 1% capacity increase means about 5% delays saving; the economic impact is certainly 
significant. However with the growing pressure exerted on ATC to offer as much capacity as possible, 
capacity use is more and more optimised and buffers tend to decrease. The result is an increasing 
reluctance of ATC to face over-delivery problems and the issue is becoming safety before economy-
oriented. 

2.2.3.3 Overall quantification study 
Considering the here-above introductive approach, a study has been launched aiming to assess the 
potential impact of the FAM measures application for the ECAC area.  
 
This work is based on the comparison between forecast and actual data provided both for the same 
periods of time, since the end of May 2003, by the CFMU from the TACT9 system.  
 
This comparison work will produce a quantitative estimate of the operational drift for regulated flights. The 
study will then proceed through an extrapolation in order to provide a valuation of the indicators for non-
regulated flights and to conclude by a global estimate of the potential impact of the FAM measures 
application. 

 

                                                 
3 It is calibrated by expert controllers and can depending on the controller him/herself, the complexity of the sector, etc… 
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2.3 Integration of the “Real-time Air Traffic Synchronisation” within the current 
European ATFM system 

 
 
The diagram illustrates FAM concept proposed evolution: 
 

 The addition of the Real-time Air Traffic Synchronisation filter in order to be able to increase 
the smoothing accuracy of the system, which means correcting operational drifts from CFMU 
regulation plans and addressing non-expected changes occurring at the very last-minutes.  

 Enlarged ATFM filters’ boundaries in pre-tactical and tactical providing a greater flexibility to 
users and AO with regards to the ATFM ground delay plans and free more capacity during the 
planning phase, this provided that the real-time filter enables to further absorb residual 
congestion problems. 

 

 
Figure 8 – The position of the Real-time Air Traffic Synchronisation  

 

 

 

 
 



    

_____________________________________________________________________________________________________ 
Future ATFM Measures – Conceptual Basis- version1.1 

12 

2.4 How can real-time air traffic synchronisation act at very short notice? 

 
Possibilities to act on traffic loads at short notice do already exist. They require to acting very close to or 
even after traffic take-off through traffic flows re-organisations or airspace re-configurations. 

2.4.1 Acting on airborne traffic 
Controllers all over Europe have developed a great know-how in the organisation of airborne traffic flows 
in the frame of arrival flows management particularly and it currently tends to become also familiar to en-
route ATC. With such procedures acting on traffic loads with traffic while airborne becomes possible. Path 
stretching or  speed  control  are examples  of  traffic  sequencing practices,  which  could  be  used 
upstream to  an  en-route  bottleneck  to smooth a  traffic  load  peak  in  a  very reactive and accurate 
manner. Local  traffic re-routing, Flight Level Changes  are  examples  of  traffic balancing  practices,  
which  could also  be  used  in  the  real-time synchronisation;  the  role  of  upstream  controllers being to 
re-route a  certain  fraction  of  the  traffic towards a different but close sector to  alleviate  the  load  of  
the protected sector. 
The advantage of these measures is the ability to correct traffic loads even after take-off. However  the 
operational applicability  is  restrained  since  specific operational  conditions  are  required  to  perform  
such actions in real-time in particular sufficient airspace upstream. The practices described above already 
exist and are well apprehended by ATC. More “advanced” practices such as the use of RTA (Requested 
Time of Arrival) messages transferred to aircraft are other possibilities but are not yet mature. In the FAM 
concept they are not envisaged for short-term operational implementation but as potential axis for future 
improvement. 

2.4.2 Acting on close sources 
Traffic from close sources is a different issue since too little time is left to re-organise the traffic between 
take-off and entry to the protected airspace. In such cases the Synchronisation could operate directly with 
feeding airports through practices such as the airport-based “Minimal Departures Interval” (MDI). As 
compared with the classic ground delay the measure can be implemented at much shorter notice very 
close to take-off but only between one sector and a close source and is directly managed by the tower. 

2.4.3 Acting on airspace configuration 
Currently  the most  often  not  to  say  the  sole  used  option  to  react  to  last  forming  overloads  relies  
on opening scheme adaptations within ATC centres. 
Only several minutes are required to implement the measure. It does not suppress the overload but offers 
a precious possibility to very last-minutes reactions to overload. 
 



    

_____________________________________________________________________________________________________ 
Future ATFM Measures – Conceptual Basis- version1.1 

13 

3 IMPLEMENTATION OF THE OPERATIONAL SOLUTIONS INTRODUCED BY 
THE FAM CONCEPT 

3.1 Stakeholders and customers needs description 

Identified stakeholders and customers relevant to the key concept of operation are: 
 

• ATSU (Air Traffic Service Unit)   
o Aim to maximise throughput whilst maintaining safety and avoiding delay. 

 
• FMP (Flow Management Position)  

o Currently a role that can vary depending on the ATSU.  The concept of operations will 
seek to raise the contribution and the profile of the FMP. (see also “Local flow Manager” 
note [4] on page 18) 

 
• FMD (Flow Management Division)  

o Becoming more of a mechanical role (see critique in “Independent study for the 
improvement of the ATFM system”) as the specialisation and experience of staffing 
decreases.  The concept of operations seeks to return local ATFM decisions to the local 
experts and leave global monitoring and decisions with the FMD. 

 
• Aircraft Operators   

o  Objectives can vary from traditional scheduled to low-cost to charter.  For traditional 
operator punctuality is key whereas for the others flight efficiency is paramount.  The 
concept of operations will have to be tailored to the wishes of each commercial airspace 
user. 

 
• Airport Operators   

o  Have a wealth of real-time information, which could be useful to ATFM.  Performance 
targets of AO’s are not always aligned with ATFM. 

 
• Passengers    

o Safety is punctuality the key parameters with which passengers regard their journey. 
 

3.2 High level description of the concept of operations 

To resolve and absorb the problems discussed previously, flow managers could seek to dissipate a 
predicted overload in a sector or at an airport by dynamic co-ordination with upstream actors.  This 
concept of operations will rely on a framework of co-operation of all stakeholders, in order to maximise 
the efficiency of the system.  These actions would not simply shift an ATC bottleneck to another point in 
the system but would seek to make better use of existing capacity, to deliver a net benefit to actors and 
airspace users alike and to maintain or improve the safety of the system.  
 
To enable this, information and decision management tools will be employed which, significantly, would 
be evolved from existing technologies, and would therefore not require any major technological shift.  On 
the other hand, because of their very nature (that is, one organisation providing co-operative, added value 
services to other organisations), they will need an institutional and economic framework to be defined. 
 
The ETFMS system currently being implemented by the CFMU will collect live radar data from all over 
Europe. This will undoubtedly provide a real advance in ATFM with the ability to monitor the real-time 
situation system wide.  
 
Also, there will be the possibility of supplementing the resolution of this correlated radar data as more 
major airports embrace CDM and the status of ground operations can be followed more closely.  Traffic 
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forecasts using this real-time information, should therefore be able to predict loads with much precision 
than is currently achievable. 
 
Having identified a predicted over-delivery in the near-future, flow managers could pre-empt problems by 
requesting actions on pertinent traffic upstream of their control centre in order to ease the complexity of 
the delivery.  The actions to be considered would be existing ATC procedures and would act to remove 
traffic from the projected overload period.  This could be achieved by co-ordinating the delivery of traffic 
so that it is distributed over a wider time period, hence maintaining the net volume of traffic through the 
subject airspace.  Alternatively, traffic could be removed from a congested flow by modification of the 
vertical or lateral profile. 
 
To facilitate this concept of operation, a tool will be required that will allow both a European-wide and a 
regional ATFM view of operations.  This tool should be able to forecast traffic loads for a discrete look-
ahead period and further this tool should be able to simulate the traffic forecast in response to proposed, 
what-if scenarios.  This tool should also identify the network effects of these pre-emptive actions.  
Proposals could then be considered and negotiated with the flow managers of affected centres through a 
common interface and the most favourable scenario get into action. 
 
By avoiding traffic overloads in this manner there is the potential payback that there would be a more 
stable slot allocation and hence less pulsing of the delivery.  The situation would therefore be self-
managing and would actively damp over-deliveries.  Significantly, the concept is proposed to be valid for 
operation on both regulated and unregulated traffic and to be effected on both active traffic and planned 
departures.  As such, it is considered that the concept could be used within a framework to petition 
against a proposed regulation.  This is illustrated in the figure below. 
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Figure 9 – The action of the Real-time Air Traffic Synchronisation  

3.2.1 When can Real-time Air Traffic Synchronisation apply? 
With time traffic load prediction accuracy improves. Operational hazards at airports, flight departures 
drifts, airborne deviations from flight plans etc… as soon as captured by ATFM monitoring systems 
(ETFMS) modify predicted traffic loads and may generate overload peaks, which with time become 
increasingly certain. It is the moment when Real-time Air Traffic Synchronisation is required (See diagram 
below).  
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Figure 10 – Progressive treatment of congestion, from pre-tactical until real-time 
 

3.2.2 Where can Real-time Air traffic synchronisation apply? 
In the picture below the example of the Geneva airspace was taken. The flows feeding the airspace are 
identified and the limit where approximately one-hour flight remains before entry into the Geneva airspace 
is traced.  
 
Herein one-hour time still remains. In the period non-predictable events can still generate non-expected 
traffic overloads in Geneva. The circled zone is a typical example of what the real-time Air Traffic 
Synchronisation field of action could be.  
 
The traffic before entering the airspace crosses a series of sectors (sometimes more than 5 sectors) from 
various countries. To solve the congestion problem in Geneva collaborative support from controllers 
working in this zone is required. 
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Figure 11 – Real-time synchronisation field of action for the Geneva airspace 
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3.3 Real time synchronisation process detailed description 

3.3.1 Overview of the real time synchronisation process 

3.3.1.1 Real time procedure and notice time 
The real-time process has been designed in order to enable prompt resolutions of traffic overloads. The 
main challenge is put on the ways to optimise the time it takes to complete the process.  
The process is punctuated by the following events (see diagram below): 

1. Synchronisation process activation, right after the detection of a risk of overload (event 1) 

2. Synchronisation strategy validation, right after the negotiation process, at that stage, the 
synchronisation strategy is fixed and agreed by all partners (event 2) 

3. Strategy execution phase activation, at that stage the synchronisation begins to operate in actual 
operations (event 3) 

4. Synchronisation process completed at entry of the Traffic into the protected zone (event 4) 

 

Figure 12 – Overview of the real-time synchronisation process 
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The series of events above follow on with time. Depending on diverse operational conditions the time it 
takes to complete each stage can vary. However the total time it requires to completing the 
synchronisation must not exceed 1 hour or so to show reactivity benefits as compared to today. The 
following scheme shows the orders of magnitudes, which are targeted at short term to adhere to the 
requirement.  

 Event 1 is the moment when the synchronisation process is activated 
It is launched right after the detection of an overload. It depends on the level of achievable anticipation of 
overload risks, which fully relies on the quality of the traffic load prediction provided to flow managers.  
 

 From event 1 to event 3,  
The time it takes to establish the synchronisation strategy and communicate instructions to ATC must be 
as reduced as possible. Gaining time in this process as compared to what is possible today is a key 
aspect of the concept. It can be achieved with efficient automatic supports (negotiation aid, direct Flow 
Managers / ATC Communication systems) and clear procedural rules. 
 

 From event 3 to event 4,  
In the period the synchronisation strategy is applied. The remaining time before traffic entry into the 
protected zone conditions the nature of the synchronisation. With the example taken in the above scheme 
the synchronisation can apply in a wide area during some dozens of minutes. It can therefore involve 
more than one upstream controller. If very little time remains the field of action is significantly reduced 
however some specific measures such as adaptation of opening schemes can still apply for it only 
requires a couple of minutes. 

3.3.1.2 Traffic load 
monitoring 

The objective of the process is to 
identify overloads risks as soon as 
possible. 
The monitoring is performed on traffic 
loads forecasts for the next future 
(from the next 30 minutes to two hours 
basically). 
It is performed by local traffic flows 
experts called “Local Flow Managers4” 
responsible of a certain piece of 
airspace, an ACC typically. 
The monitoring process requires 
reliable Traffic forecasts for the next 
future distributed at least to Central 
and Local Flow Managers and traffic 
data mining support to local flow 
managers. 
 
                                                                                  Figure 13 – Traffic load monitoring 
1. Traffic forecasts provision 

                                                 
4 Firstly, some new terms, specific to the concept of operations will be introduced.  The first term of Local Flow Manager (LFM), is 
required to differentiate the proposed role from that of the existing roles and responsibilities of the FMP position.  The mandate of 
the FMP is currently poorly defined in the FMP manual and as such is open to interpretation according to the resources afforded to it 
by different ATSUs.  The position can be on one hand reactive and limited to facilitating regulation, or on the other hand proactive 
and work closely with the Operations Room Supervisor seeking to optimise flow management.  It is the intention of the FAM concept 
that the LFM is regarded as the latter description of the FMP. 
There is also the need for a central body for the monitoring and co-ordination of the results of the dynamic negotiation process.  It is 
conceivable and logical that this position will be assumed by the CFMU FMD cell.  However, because this is not yet a mandated 
role, we will assume the creation of neutral body termed the Central Flow Manager (CFM).  The CFM will be responsible for 
maintaining a macroscopic, European-wide balance such that two or more FAM operations do not interfere with one another or 
other unplanned events which are beyond the field of play of the co-ordinating LFMs. 
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Traffic forecasts quality is regarded in the concept as a key issue where improvement is wished 
essentially with on-ground traffic. Indeed the efficiency of the process relies to a major extend on the 
achieved quality of the traffic forecasts. Still the ETFMS is in that field a considerable ECAC-wide enabler 
to achieve benefits at the shortest term from Real-time Air Traffic Synchronisation. 
 
It must enable to detect “instantaneous” traffic load peaks with increases spreading on several minutes 
only, which requires to predict flight transit times with a level of accuracy up to some minutes. See right 
picture, which is a typical example of the basic material that could be used for Traffic Load monitoring. 
 
In addition it must ensure the reliability of such traffic loads calculations for the next hour or at least 
provide all clues necessary to evaluate the reliability of the prediction. Today the reliability mainly 
depends on the current status of the flight (regulated, non-regulated still on-ground or airborne). Indeed 
information on on-ground traffic movements is still hardly affordable in ATFM or ATC and sector transit 
time errors though better with regulated traffic can today reach 40 minutes and even more5. At the 
opposite concerning already airborne traffic, Radar Data Positions should be soon provided ECAC-wide 
with the ETFMS. They enable to build sector transit time predictions marginally erroneous, with an 
average error rate not exceeding several minutes.  
 
2. Traffic data mining support  
Due the large volume of information used by Flow Managers to apprehend the situation (environment 
data, flows distributions, flight plans, real-time traffic evolution indicators…) the monitoring task requires 
an efficient data mining support. Automatic support for the Real-time Synchronisation process is 
particularly welcome in term of data filtering and traffic load excess warnings. Warning thresholds and 
“critical” airspace volumes are determined essentially on the bases of the “raw” traffic complexity within 
the airspace to monitor. Therefore at least for the calibration and the supervision of the monitoring 
process expertise on local traffic complexity is necessary. 
 
NB: Automatic dynamic traffic complexity estimates processing using detailed traffic predictions can be 
regarded as a potential source of monitoring process refining. 

3.3.1.3 Dynamic negotiation 
The dynamic negotiation is the core part of the real-time synchronisation. Proposing solutions to gain time 
in this process is a major objective in FAM for the global efficiency of the synchronisation fully depends on 
it.  
Clear procedural rules and advanced negotiation aids are the two aspects, by which a significant amount 
of time could be saved. At the current concept definition stage a generic procedural frame is already 
proposed. However in-details procedures sustaining it are not yet specified. Simulation sessions to define 
them with operational experts are still being prepared.  
 
Objective: The process aims at promptly generating Dynamic agreements on the synchronisation 
strategy to apply to solve the specific congestion issue identified just before. 
It involves: 

• The Local Flow Manager _ called “LFM requester” _ responsible of the airspace where the 
overload is identified. 

• The Local Flow Managers _ called “LFM providers”_ responsible of the airspace crossed by the 
traffic upstream from the congested zone. 

• Central Flow Managers supervising the synchronisation process. 
 
 
 

                                                 
5 The in-house CDM project is currently working on this aspect. The objective is to obtain Actual Take-Off 
Time Information at least 30 minutes before departures but as a first step at least the provision of 
pertinent on-ground information such as Start-Up-Clearances is targeted.  
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Procedural phases 

1. LFM requester after identification of an overload “calls for a synchronisation measure” to resolve 
the problem.  

2. He sends a synchronisation request received by LFM providers and Central Flow Managers.  

3. The elaboration of the synchronisation strategy between Flow managers in contact starts. 
Various solving synchronisation measures can be proposed and are discussed. Efficiency and 
feasibility are estimated from the various viewpoints each expert brings. LFM requester assesses 
whether it resolves his congestion problem. LFM providers estimate the difficulty of carrying out 
what is proposed within their centre (e.g. in terms of ATC workload). Central Flow Managers 
examine side effects (e.g. network effects, conflict with a previous synchronisation measure 
applied elsewhere).  

4. The process ends with an agreement on the synchronisation measure to implement. Validation is 
required from all participants. 

 
Responsibilities / authority  
With the proposed scheme LFM must show recognised expertise and dispose of the local authority to 
validate the agreement on behalf of controllers committed in the synchronisation.  

3.3.1.4 Résumé 
A simple flow chart of the concept of operations is presented below with description of each stage 
provided in the subsequent sections.  There is a 4th stage, which is pre-tactical post-processing of the 
performance the tactical phase, which is also discussed. 
 

 
Figure 14 – The concept of operation 
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3.3.2 Detailed stages of the concept of operations 

3.3.2.1 Stage 1 – Traffic load monitoring 
A traffic load monitoring tool will be available to the collaborative LFM, which will be able to forecast 
sector counts per defined discrete time period.  The time horizon for prediction will be, at a minimum, 45 
minutes from real-time and will be able to project to two hours and beyond, all the way out to the 
beginning of the day of operations. The quality of load prediction is regarded as a key and it will rely 
inexorably on the feed data that is used to develop forecasts.  It is imperative that the correlated radar 
position reports that the ETFMS will compile are made available as a live feed to the prediction tool.  In 
addition, the tool should be able to integrate the information that is made available through airport-based 
CDM and be able to extrapolate the adherence of flights to turnaround milestones to the likelihood of 
adherence to schedule or regulated departures. The monitoring system must be able to recognise and 
give suitable warning of instantaneous traffic load peaks, sampled to the order of several minutes, which 
exceed the accepted delivery rate.  This therefore requires that the trajectory prediction used by the tool 
should be of the same order or less.  It is not proposed that the traffic monitoring tool deliver any metric 
other than sector load per time period.  It is believed that the human observer should be able to recognise 
the complexity or otherwise of an implied traffic over-delivery.  However, the accuracy of the prediction, 
that is the accuracy of the feed data in tandem with that of the trajectory predictor, should be indicated if 
not qualified by some visual source to the human operator.  Further the human operator should be able to 
readily extract pertinent operational information about the traffic forming the predicted over-delivery such 
as to inform the decision making process. 

 

3.3.2.2 Stage 2 - Dynamic negotiation 
The dynamic negotiation stage is the process to agree on common synchronisation measures and is 
therefore the core part of the real-time synchronisation strategy. 
 

3.3.2.2.1 The synchronisation measures  
The synchronisation measures either consist of capacity adaptations or manipulations on traffic upstream 
to the area where the problem was identified.  
 
There are eight categories of measures: 
 

1. Maintain according to plans 
2. capacity adaptations (opening scheme adaptation) 
3. flight advance/delay 
4. flight re-routing vertical/geographic 
5. flow sequencing 
6. flow balancing  
7. flow advance/ delay 
8. flow re-routing  

 
Each measure represents a certain type of action, which could potentially help to solve the congestion 
issue. Each measure depending on the situation and the desired impact on traffic must be parameterised. 
 
The “Maintain according to plans” measure 
This measure is used to guarantee that no significant deviation to Flight plans would occur to degrade the 
situation in the limit case where if nothing is modified it is ok but may be problematic if not. 
 
Characterisation of an opening scheme adaptation  
Remark: The opening scheme adaptation measure is particular for it is the only one, which acts on ATC 
capacity not on traffic. 
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Opening scheme changes are easy to characterise, only the new opening schemes and their period of 
application must be specified. 
Characterisation of an advance / delay 
The advance / delay measure either apply on a flow or on a single flight. 
The advance / delay measure is applied once the flow (or flight) on which it applies is captured. 
 
An advance / delay measure on a flow (or a flight) is simply parameterised with a positive or negative 
number of minutes.  
 
Characterisation of a re-routing vertical / geographic 
The re-routing measure either applies on a flow or on a single flight. 
 
The re-routing measure is applied once the flow (or flight) on which it applies is captured. 
It may apply anywhere in the route of the flow or the flight.  
 
• Vertical re-routing is a Flight Level change or a Flight Level capping (flights are allowed to flight at a 

level lower than a certain flight level). 
• Geographic re-routing is a route change on any portion of the Flow / flight route initially planned. It 

may be combined with vertical flight level instructions. 
 
 
Characterisation of a sequencing  
The sequencing measure applies on a flow composed of flights following the same route.  
 
Note:  One could envisage sequencing even on flows of traffic coming from various routes. The sequencing be 

organised at junction of the routes. But it would require advanced on-line support to sector controllers to 
execute such sequencing, a system of the same nature as current arrival managers. 

 

Sequencing criteria: 

The characterisation parameters are the following: 
• The portion of route where it applies: 

o from a certain origin (sequencing from tower) or beacon  
o To a certain beacon (the point where the sequencing must be achieved).  

 
• The sequencing rate  

 
Characterisation of a balancing 
The balancing measure applies on a flow (be it a flow of flights following the same or different routes).  
 
The flow balancing measure relies on a re-routing (either vertical or geographic) of a certain amount of 
flights belonging to the captured flow. It is characterised by the fact that the choice of the re-routings are 
performed on-line by sector controllers responsible of the execution of the measure not Traffic Managers. 

Balancing criteria: 

The flow balancing criteria are the following: 
• The portion of airspace where it applies: 

o from a certain origin (balancing from tower) or sector or beacon  
o To a certain sector (the point where the balancing must be achieved).  

 
• The Flight Levels (vertical balancing) or routes (geographic balancing) where the traffic must be 

balanced 
 
And the balancing rates (proportion of traffic) associated to each alternative FL or routes (E.g. 50% of the 
flow sent to LSAGMA5 maintained at FL 370, 50% of the flow sent to LSAGMA5 re-routed at FL 350). 
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3.3.2.2.2 The “Tactic Sheet & DYLAG” concept 
The Tactic Sheet and Dynamic letter of Agreement Concept are the two main supports to the negotiation 
in a synchronisation process.  

 

The Tactic Sheet  
The Tactic sheet is the document shared between Traffic Flow Managers during the negotiation phase of 
a Synchronisation process. 
 
The Tactic sheet brings all the operational elements necessary to describe what can be concretely done 
from an ACC to another to save the situation from an overload. 
 
The content of the Tactic Sheet can be discussed and modified by any partner. It is exchanged through a 
Messenger system, which connects any ACC ECAC-wide. 
 
The main goal of the Messenger system is to support the dynamic negotiation of the synchronisation 
process using “Internet Protocol” technology. 
 
This Messenger system allows requests for traffic changes to be discussed and approved between Air 
Traffic Service Providers. 
 
The main actors of the process are traffic managers. Any manager can play the role of the requestor 
initiating a synchronisation process or the role of the provider of a measure intended to solve the 
congestion problem. The CFMU/FMD can play an active role in the process. 
 
The features of the FAM Messenger system are: 
- To allow the tactic sheet to be stored and sent to involved providers. In turn, providers must be able to 
send replies to the requestor. 
- To allow all replies to be taken into account and the tactic sheet to be consolidated before validation. 
- To allow a dynamic letter of agreement to be generated and sent to each of the providers. 
 
The Tactic Sheet serves as an evolving “draft” for the elaboration of Dynamic Letters of Agreements 
between ACC.  

The DYLAG 
As soon as an agreement is found between partners on the content of the Tactic Sheet, inter-ACC 
“official” Dynamic Letter of Agreement can be elaborated. 
 
The DYLAG re-specifies the nature of the agreement that was achieved between each ACC in the 
negotiation. The content of the Tactic Sheet is re-written in this form for firm / definitive validation. 
 
The DYLAG is then used to transfer within each contracting ACC all the instructions relevant to the 
synchronisation to the control room.  
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Tactic Sheet and DYLAG in the FAM Operational system 
The Tactic sheet and DYLAG are the two main documents that are exchanged during the negotiation 
process. The negotiation is divided in two parts: the discussion (based on the Tactic Sheet) and the 
contract statement (based on the DYLAG).  

 

 

The discussion  
 

The tactic sheet is the first document that is 
discussed between TFM Requester and TFM 
providers. 
The Tactic Sheet is an electronic active document 
prepared by the TFM Requester at the earliest 
stage of the Synchronisation process.  
The synchronisation process starts when a TFM 
identifies a problem in his/her area of responsibility, 
and finds a potential “resolution tactic” based on 
synchronisation actions with surrounding ACC. The 
resolution tactic is a set of measures of 
manipulations on traffic or on capacity performed in 
some specific areas and built by TFM using local 
facilities. While doing this, he/she identifies a series 
of actions he would require from people potentially 
outside from his/ her area of responsibility. To 
achieve this, he/she must obtain agreement from 
TFM responsible of the areas where the measures 
should be executed (the TFM providers). 
 
 
 
 
 
 
 

Figure 15 – The Tactic Sheet 
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To obtain such a support, he/she 
organises a negotiation with all 
TFM he/she would need help from.  
 To achieve this, he/she clearly 
states the problem and the 
resolution tactic in a Tactic Sheet 
with information extracted from his 
local HMI and submits it to all 
involved TFM providers using a 
messenger. He/she prepares a 
unique Tactic Sheet where each 
manipulation action he/she would 
expect from each of them is clearly 
stated.  
The tactic sheet is then analysed 
by each TFM provider, who can 
accept, refuse or slightly modify 
the actions that relate to their own 
area of responsibility.  They may 
use their local facilities to process 
the analysis or rely on 
complementary information 
exchange with Requester.  
TFM providers send their answers 
and comments to TFM requester, 
who collects and considers them in 
a whole.  
If, to his/her mind, the process 
leads to satisfying result, he/she 
can start and prepare inter-TFM 
DYLAG for firm, “official” 
agreement with the TFM providers 
who sent positive answer to handle 
the proposed actions in their area 
of responsibility. 
If not, Requester may  

• Either, if time permits, 
submit a new proposal 
(with potentially new 
partners) by editing a new 
tactic sheet  for a new 
negotiation 

• or abandon the process.  
 

  Figure 16 – The negotiation around the Tactic Sheet 
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The contracts statement 
 
 
 
The contracts statement phase is launched after 
TFM requester collected Tactic Sheets from 
TFM providers with each one’s position clearly 
stated and when (and only if) he/she considers 
that the pre-agreements he/she obtained from 
TFM providers is a satisfying solution for him to 
save his problem. 
 
TFM Requester prepares Dynamic Letters of 
Agreements (DYLAG) for all TFM providers, he 
obtained pre-acceptance from in the Tactic 
Sheet. The DYLAG is a two-partner contract, 
committing one Requester and one Provider.  
 
 
 
 
 

 
 
 
 
In the DYLAG, TFM Requester clearly states 
with each TFM Provider the actions each 
partner commits himself/herself with. The 
descriptions of actions are directly extracted 
from the Tactic Sheet’s measures description. 
The DYLAG is sent to TFM provider for 
signature.  
 

TFM provider is then in charge of distributing 
instructions to his/her ATC room according to 
what was specified in the DYLAG. This transfer 
of instruction can only be processed after 
DYLAG was signed by both TFM Requester and 
TFM provider.  
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3.3.2.3 Stage 3 - Real time synchronisation strategy implementation 
 
 
The synchronisation strategies resulting from the dynamic agreement will be broadcast to ATC and 
executed by controllers (en-route or tower ATC) upstream from the bottleneck.  The communication 
process must be rapid and be able to guarantee full consistency between the decision and 
communication of the synchronisation strategy to the operational environment. 
Instructions can either consist of opening scheme changes or of deal with actions on traffic.  In the first 
case the communication task is quite simple and LFMs can readily co-ordinate this action with the 
Operations Room Supervisor within their centre. 
In the second case the process is more complicated and the way instructions are transmitted to ATC on 
duty must be carefully specified.  Instructions should be sent to planning and radar controllers by the time 
of strip reception at latest.  The actions on traffic will be defined in terms of clear actions on individual 
flights.  The communication modes and protocols should be adapted to local ATC work practices.  Flight 
plans modifications must be clearly mentioned to all controllers all along the flight and integrated into 
Flight Plan Information provision systems. 
 
 

 
 

3.3.2.4 Stage 4 – Pre-tactical feed back 
 
A fourth distinct stage of the concept of operations is to consolidate the real time activity by pre-tactical 
work consisting of post-processing the previous days synchronisation efforts and preparing future 
synchronisation efforts with ACC, AO, airports and the CFMU.  Pre-tactical discussions opened to the 
whole of CFMU monitored airspace are already organised and these represent a concrete forum where 
such negotiations could be carried out (see the figure below).  To supplement these forums with FAM 
related analysis would require at that the real-time synchronisation agreements and results from the 
previous day are available.  In addition there would need to be some fast-time simulation support for the 
preparation of synchronisation scenarios. 
Although the concept of operations can be mapped to four distinct stages, because the fourth stage is 
only an amendment to an existing part of the operational process the first three stages only will be 
discussed further. 
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Figure 18 – The Pre-tactical feedback process 
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4 CONCLUSION: IMPLEMENTATION OVERVIEW AND IMPACT 

4.1 Problem Solution definition and inter-relationship 

In terms of solutions to problems it is the first stage, that of Traffic Load Monitoring, that deals with P2, 
P3, P4 and P5 problems.  Rather than increasing the adherence of the system to planned events, real 
time Traffic Load Monitoring allows off-normal loads to be forecast further out on the time horizon.  
Hence the exposure of unpredicted events is increased rather than the predictability of events.  Traffic 
Load Monitoring can therefore be regarded as a discrete solution to previously defined problems and 
will be termed S1 in the remainder of this document. 
Although Dynamic ATFM Negotiation and Real-Time Synchronisation Strategy Implementation are 
discrete stages within the concept of operations, they do not resolve any of the identified problems in 
isolation.  It is only combined that they provide solution to P1 and P6 by acting sequentially to the benefit 
of S1.  All three stages will combined therefore to be regarded as a discrete solution termed Real Time 
Synchronisation, or S2 for brevity, throughout the remainder of this document. 
S1, in the context that is described in this document could be achieved without further propagation of the 
concept of operations and as such is a stand alone solution.  Dynamic Negotiation and Real-Time 
Synchronisation Strategy Implementation are only enabled through S1 such that S2 is in fact 
dependent on S1. 
 

4.2 Expected benefits 

As stated above, S1 is a direct solution to P2, P3, P4 and P5 in that the traffic load monitoring tool will 
provide a much higher fidelity of information and a much wider range of vision of traffic than is currently 
available today.  FMP will necessarily be able to provide to ATC advanced warnings of over- and under-
deliveries of the expected traffic with respect to time but also of unexpected traffic caused by 
discrepancies in flight plans and non-adherence to 3D profiles.  The notice time provided to ATC and the 
ability to react, within the current framework to unplanned events will therefore be dramatically 
improved.  In terms of the ATM2000+ strategy, S1 will advance the safety case by improving the Risk 
Management and Risk Monitoring sub-categories.  In terms of resource management the Operations 
Room Supervisor will also be able to stand down or man positions according to the load prediction with a 
greater notice period than is currently available. 
The solution S2 will breathe flexibility into the tactical phase of ATFM.  For a predicted over-delivery 
prior to the last opportunity for slot allocation, for which regulation would currently be advised, FMPs 
could negotiate a strategy with the CFMU to avoid regulation.  By preparing candidate scenarios for 
Real Time Synchronisation closer to the real-time horizon the FMP and the CFMU could tactically plan 
the smoothing of the forecast over-delivery ahead of time without employing regulation.  After the last 
opportunity for slot allocation has passed and subject to the narrowing of the prediction as the real-time 
horizon approached, the most suitable candidate could be adopted and implemented.  The airspace 
throughput should therefore necessarily increase and the delay attributable to the over-delivery should 
decrease compared to the baseline case of applying regulation. 
The ability to react with Real Time Synchronisation to over-deliveries which arise after the last 
opportunity for slot allocation has passed, regardless of whether it has been applied, should mean that 
drastic measures such as the closing the affected sectors to new traffic need not be employed.  Therefore 
the delay attributable to the over delivery certainly should decrease and the safety is comparably 
improved. 
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4.3 Enablers 

This section identifies the required enabler(s) for the introduced solution(s) 

4.3.1 Procedural: 

• The solution S2, Real Time Synchronisation will to use only the existing ATC procedures which 
are described in 3.3.2.2. 

• The decision negotiation phase, described in 3.3.2.3 will require a strict rule base to be drawn up 
and adhered to.  The syntax used for decision negotiation and agreement will need to be 
designed to be unambiguous but brief. 

4.3.2 System: 

• The solution S1, the Traffic Load Monitoring tool and the Scenario Investigation tool will rely on a 
full access to live data from the ETFMS system. 

• The Traffic Load Monitoring tool, Scenario Investigation tool and the Decision Negotiation tool will 
all need to be designed and built to user requirements. 

• The Decision Negotiation tool will require that the LFM requester, the LFM providers and the 
CFM are all connected through the conventional telecommunications network. 

• Further, the decisions and subsequent actions will have to be communicated to all stakeholders 
so that they are aware of deviations from schedule before their subjective real time. 

4.3.3 Human aspects:  

• The LFM position will have to be filled by staff of ATC ability and experience.  Moreover they will 
be required to be pro-active about optimising flow management.  They will need to have regular 
contact with the ACC Operations Room Supervisor and staff working ATC positions.  Ideally they 
will also be familiar with their counterparts at neighbouring ACC’s and recognise the collective 
aims of community. 

• The CFM position will need to be sympathetic to the objectives of the LFMs, that is to optimise 
flow management whilst maintaining the safety first principle. 

• The ATC radar and planner positions will have to be receptive to requests for action by the LFM 
which do not demonstrate an obvious benefit. 

4.3.4 Institutional: 

• An institutional framework would be needed for the dynamic implementation of synchronisation 
measures which will provide the actors with a dynamic legal agreement to which they will be 
party.  This will record the delegation of actions and responsibilities of the actors. 

• The stakeholders that are not actors in the concept of operations will have agreed conditional 
acceptance of synchronisation measures.  The notice time will not be such that aircraft operators 
can be involve in the decision negotiation process but they should not otherwise find themselves 
subject to a measure without some form of pre-agreement.  It is believed that some operators will 
volunteer total or limited acceptance of Real Time Synchronisation if, for example, by their 
complicity they are not subject ground delay or the avoidance measures associated with over-
delivery. 



    

_____________________________________________________________________________________________________ 
Future ATFM Measures – Conceptual Basis- version1.1 

31 

4.4 Constraints 

• The concept of operations must maintain or improve the safety of the system. 

• The concept of operations must deliver a cost benefit or at worst no cost penalty to the system. 

• The concept of operations must maintain or reduce the complexity of the system. 

• Procedures considered for Real Time Synchronisation will be standard ATC operating 
procedures commonly used in the subject environment. 

• Procedures considered for Real Time Synchronisation will be thoroughly assessed for impact on 
the system in the context of the subject environment ahead of live use. 

• All actions will be acknowledged and accepted by all pertinent ACCs and all stakeholders will be 
informed. 

• Actions derived from negotiations would be initiated a minimum of 45 minutes ahead of the real-
time incidence of a predicted overload. 

• An institutional framework will be needed for the dynamic implementation of co-ordination 
measures. 

• Any airline operator already subject to a regulation which would result in a delay of requested 
departure time can not be subject to a Real Time Synchronisation, if it would bring about a further 
deviation from the requested flight plan, which is considered an unacceptable penalty by the 
operator. 

• The decisions and subsequent actions will be communicated to all stakeholders such that they 
are aware of deviations from schedule before the real time horizon of the deviation. 

• Any airline operator cannot be subject to a co-ordination measure, if it would bring about a 
deviation from the requested flight plan, which is considered an unacceptable penalty by the 
operator. 

4.5 Assumptions 

• Although, the concept of operations proposes that Real Time Synchronisation is limited to 
applying co-ordinated measures after the last opportunity for slot allocation has passed, 
candidate co-ordinated measures can be negotiated ahead of this watershed. 

• Real Time Synchronisation could operate on either regulated or unregulated traffic. 

• Real Time Synchronisation on regulated traffic could be employed to ease the management of a 
forecast tactical position overload, where an overload is identified after the action of CFMU slot 
allocation. 

• Real Time Synchronisation measures on unregulated traffic could be employed to ease the 
management of forecast tactical position overload, where an overload is identified after the last 
opportunity for CFMU slot allocation has passed but no regulation is applied. 
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4.6 Solution timeframes 

 
It is foreseen that the difficulty is organisational and institutional rather than technological.  The major 
challenge is therefore to provide concrete evidence of the operational worthiness of the concept and to 
ensure the buy-in of core actors and stakeholders. 
The time horizon to consider the implementation of the concept in the operational environment would be 
mid-term and therefore between 3 to 7 years from the FAM project launch in winter 2001. 
Prototype tools for Traffic Load Monitoring, Scenario Investigation and Decision Negotiation will be 
developed and tested in-house. The functionality and performance of these tools will be evaluated to an 
experimental level by the end of 2004. 

4.7 Conclusion 

 
The conceptual baseline presented herein is what could be concretely proposed to achieve the objectives 
pursued in FAM. The concept presented here essentially results in a qualitative analysis of the current 
operating system and perceived enhancement potentials offered by both ATFM and ATC know-how. The 
quantitative analysis should still be followed since many questions remain opened in the document as 
procedural validity, organisational evolution and technical requirements. 
Quantitative results are now targeted. Such results are expected to reveal feasibility limits, costs and 
benefits, which may be expected from the concept. But this could be achieved only with a stable 
conceptual basis. 
 
The major asset for short term implementation of the concept in Europe is the deployment of the ETFMS, 
a common monitoring system for the whole ECAC zone, which provides traffic predictions refreshed with 
radar data. 
Detecting last forming overload is henceforth affordable for any centre in Europe. Providing solutions to 
this type of overload is the next step, which is the main operational objective in FAM. Benefits are 
expected both in terms of safety (by reducing the risk of traffic load peaks in ATC sectors) and efficiency 
(by gaining fluidity at airspace bottlenecks thus saving capacity). Still achieving maximum operational 
benefits requires the active and collaborative involvement of the whole ATM community (Aircraft 
Operators, national ATC service and ATFM service providers). 
 
The concept still requires consolidation in various fields. The FAM project holds in EUROCONTROL 
Experimental Centre is working on it focussing on the provision of technical solutions and of clear 
procedural schemes to achieve rapid inter-ACC synchronisation reaction in response to late-forming risks 
of traffic overload. 
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