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Abstract
This document describes the operational concept, as of October of 2005, for the use of Airspace Flow Programs (AFP) to support severe weather avoidance programs. This concept has been designed by the Flow Evaluation Team (FET) subgroup of the Collaborative Decision Making (CDM) group. This operational concept and the procedures employed to support it are evolving, and later releases of this document will track changes in the plan as they are made.

The basic concept behind AFP is the integration of the Flow Evaluation Area/Flow Constrained Area (FEA/FCA) capabilities of the Tactical Situation Display (TSD) with the demand management capabilities of the Flight Schedule Monitor (FSM). AFP allows traffic managers to control demand in the airspace in ways similar to how arrival demand at an airport can be managed through Ground Delay Programs (GDPs).
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1 Background
The aviation community has long sought better tools and procedures for managing en route congestion on the National Airspace System (NAS).  Currently, a number of procedures are used to handle airspace congestion including en route spacing programs and miles in trail (MIT) restrictions.  These traffic management initiatives are often used to meter traffic into a specific volume of airspace.  More recently, the Flow Constrained Area/Flow Evaluation Area (FEA/FCA) capability has been added to the Traffic Situation Display (TSD) to identify areas of limited capacity with the hope of reducing demand through rerouting flights (voluntary or mandated).  
When severe weather avoidance over an extended region has been the challenge, multiple Ground Delay Programs (GDPs) have been issued with the goal of reducing overall demand in a constrained region of airspace by holding flights on the ground. This practice is known as issuing GDPs in support of Severe Weather Avoidance Procedures (SWAP). The advantage of using GDPs is that they are the only organized method available to hold flights on the ground when the airspace capacity is limited. The primary limitations of using airport GDPs to deal with en route severe weather are

· Airport GDPs are not aware of the route flights take to the airport, so flights going to the airports for which GDPs have been applied but not using the constrained airspace are nevertheless delayed. For instance, if a GDP is run at LGA to slow traffic for weather over Ohio, flights to LGA from Boston and Miami are still delayed. 
· GDPs can only be run at a limited number of airports, so most of the flights that are actually passing through the constrained airspace are not included in the program because they are not going to the airports selected for the GDPs. Even selecting the ten airports that contribute the most to an en route problem may capture less than a third of the traffic.

The specific disadvantages of using GDPs in support of SWAP are inefficiency, ineffectiveness, and inequity.  They are inefficient, as much if not most of the delay is applied to flights that are not part of the problem.  They are ineffective in that they control only a fraction of the flights in the problem area, so demand isn’t properly controlled, and additional measures such as GDPs and Ground Stops are needed later.  They are inequitable, as only flights bound for larger airports are ever affected, and so take a disproportionate share of the delay while other flights are unaffected.

The Collaborative Decision Making (CDM) community has recognized these limitations and has sought additional supplementary capabilities. In particular the community has long talked about having a method to systematically manage demand at a constrained en route resource by identifying the flights that are expected to use that resource and holding them on the ground until the airborne capacity to deal with them is available. 
This is the precise function that the Airspace Flow Program (AFP) is designed to provide. The AFP is an integration of the FEA/FCA flight identification capability with the demand management functions of the Flight Schedule Monitor (FSM). 

The responsibility for resolving operational details and identifying a feasible path to deployment for the AFP concept was given to the Flow Evaluation Team (FET), a newly formed subgroup in CDM combining the functions of the Integrated Route Team (IRT) and FCA/Reroute workgroups. This group has been working since spring of 2005 to define the system functional requirements to support AFPs as well as to design the Concept of Operations (ConOps), procedures, training, and other related issues.  This paper is written as the starting point for the AFP ConOps and will evolve over the next several months. The AFP ConOps will provide the FAA and the customers with a framework for the use of AFPs as an effective tool to strategically decrease the level of traffic through an identified area of airspace to a level manageable by the Traffic Management Specialists.

This document, Release 1 of the AFP ConOps, is the result of the first few rounds of Human-in-the-Loop tests (HITLs) to develop AFP procedures. These HITLs have involved traffic management specialist from the ATCSCC, airport towers and en route centers, and customer representatives from the airlines and the GA community. Several issues are still to be resolved and will be clarified in later releases of this document

2 Concept Overview

The AFP tools can potentially be applied to a wide range of capacity/demand balancing problems but the primary motivation for proceeding with the deployment of AFPs at this time was to develop an alternative to GDPs in support of SWAP. That task has been the focus of the FET and will be the target of the deployment in the spring of 2006. For that reason this document will restrict itself to that specific concept of operations.
Airspace Flow Programs unite the operations and the capabilities of the FEA/FCA function in TSD and the Ground Delay Program management tools in FSM. The steps for executing an AFP are all familiar to traffic managers already.

When convective weather forecasts suggest there will be major impact on traffic, particularly in the northeast, ATCSCC Traffic Management Specialists, in consultation with the field Traffic Management Coordinators and customers, will consider a set of predefined FCAs from a list in the TSD. The FCA most appropriate for the expected weather and traffic situation will be selected. 
Once this predefined FCA has been activated in the TSD specialists at the ATCSCC can designate the FCA as”FSM-eligible.” For any FCA that is designated FSM-eligible, ETMS will generate and distribute regularly updated Aggregate Demand Lists (ADLs), detailed information on all flights expected to be in the FCA for the next several hours. 
All active FSM-eligible FCAs will appear in a list in FSM. Selecting an FCA in FSM will bring up all the tools and displays familiar to FSM users, but here populated with the demand at the FCA rather than at an airport. 
The FSM bar chart will show the aggregate demand for each selected time period. When the demand in the FEA/FCA is projected to substantially exceed capacity, the Traffic Management Specialists at the ATCSCC, again after consultation with the TFM team, can issue an AFP for the FCA. This is analogous to issuing a GDP for an airport. The primary steps in the process are

· The specialists will specify a program rate (flights per hour), the duration of the program, and any appropriate flight exemptions (it is expected that few if any flights will be exempted for AFPs),

· FSM will generate a list of entry times, or slots, consistent with the specified rate, 

· These slots will be allocated to flights expected to enter the FCA in a manner consistent with the philosophy of Ration by Schedule (RBS), 

· For each affected flight, the estimated time from departure to entry into the FCA will be computed based on the current flight plan, 

· This transit time will be subtracted from the slot time to produce an Estimate Departure Clearance Time (EDCT) for the flight. 

· The EDCTs for each flight will then be sent to the centers and towers for action, to the operators of the flights for their schedule management, and to ETMS to maintain a consistent tactical picture.

Customers with flights controlled by an AFP will typically have the option to route out of the FCA, away from the congested area. In return the flight will have its EDCT lifted, and be allowed to depart on time. 
Flights that file or route into an AFP will be treated as popups, similar to popups in a GDP. They will be assigned an FA delay, which is the average delay received by other flights intending to enter the FCA at the same time as the popup, and will be issued an EDCT.

If a large number of flights drop out of the demand, through cancellations or rerouting, then the specialists can execute a compression through FSM. In a compression EDCTs for flights are moved earlier to compact the demand and reduce delay.
If the demand again substantially exceeds the capacity from many new flights entering the FCA or if the weather constraint worsens, then the specialists can revise the program through FSM.

In a revision EDCTs for flights are regenerated and reissued to return demand to the expected capacity.
When the weather abates and the controls are no longer needed then the program can be canceled, and all EDCTs for the program will be lifted.
Up to date information on AFPs can be found at

http://cdm.metronaviation.com/Workgroups/route_eval.html
3 Operational Concept

The basic flow for using the AFP capability involves creating an FSM-eligible FCA, deciding on and executing an AFP, and adjusting to conditions as they evolve. The particular steps in a typical application of AFP might be as follows:
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Figure 3-1. Basic Steps for Using AFP
More detail for each of these steps is provided below.
1. The ATCSCC creates an FEA to support a possible AFP.
a.  In consultation with the field traffic managers and the customers, the ATCSCC will identify a severe weather situation where en route traffic must be slowed and where an AFP may be useful.

b.  In the initial deployment it is expected that AFP usage will be based on prearranged ‘plays.’ Plays will be selected based on the expected weather and traffic situation.

i) AFP plays will use predefined FEA/FCAs designed for AFP use.
ii) AFP FEA/FCAs will be line segments designed to catch traffic flows into the northeast.
iii) A play may use a single FEA/FCA or multiple FEA/FCAs designed to catch different streams.
iv) Flight filters will be applied to the FEA/FCAs to avoid interfering with departures from the northeast airports and to avoid delaying flights at altitudes not affected by the weather.
c.  In consultation with the field and customers the ATCSCC will decide which play is best for the conditions.
d.  The FEA or FEAs for that play will be activated in the TSD.

i) FEAs can be used to examine demand and plan possible actions before an AFP is implemented

ii) For an FEA or FCA to be used for AFP it must be designated as ‘FSM-eligible’ by the ATCSCC in the TSD.
iii) ETMS will generate ADLs for each FSM-eligible FEA/FCA. The ADL contains detailed information about each flight expected to be in the FEA/FCA in the next several hours. These ADLs are updated every five minutes to reflect changes.
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2. Traffic Managers and others monitor the demand in the FEA.
a.  Anyone with access to FSM will be able to monitor the aggregate demand and individual flights in the FEA.
i) FSM-eligible FEA and FCAs will be selectable in FSM, much like airports in the current FSM.
b.  The FSM bar chart will show aggregate demand over one hour, half hour or 15 minute intervals.
c.  The FSM timeline will show when individual flights are expected to enter the FEA.
d.  The Flight List function will allow customers to create detailed lists of all of their flights that are part of the FEA and show when each flight is expected to enter.
e.  Traffic management specialists can apply conventional TMIs to try to control volume using the lease restrictive methods.

3. The traffic management team plans a program to deal with a pending problem.
a.  When the demand graph in FSM or other indications suggest that despite other initiatives an AFP will be necessary, the potential parameters to be used for the program will be explored.
b.  The start and end times of the program should cover the period when the demand level is expected to be above the capacity.
c.  The Area Arrival Rate, or AAR, which is the number of flights that can safely cross the FCA per hour, will be set collaboratively. 

i) Appropriate AARs for given AFP plays and weather conditions will be established initially through the HITL simulations and refined through experience.
ii) The AAR can vary over the course of the program, to match expected changes in weather conditions or to achieve other objectives.
iii) As an alternative to specifying a rate as flights per hour, a demand reduction factor can be given. For example, a traffic manager might decide that total demand needs to be reduced by 20%. When this option is exercised, FSM will compute the total number of flights expected to arrive during the time of the program and allocate the demand, with the requested reduction, smoothly throughout the program. For example, if 500 flights were expected to arrive during a five hour program, and a reduction factor of 20% was requested, FSM would allow 80 flights per hour.
iv) A power run over percent reduction factors will be available, to efficiently explore the impact of different decisions.
v) The AAR used should reflect the expected number of popup flights that will enter the FCA over the duration of the program. Guidance on applying popup factors will be provided.
d.  In some cases certain flights may be exempted from delay, such as flights departing from the west coast when the weather is uncertain. Any such flights will have a controlled departure time that must be adhered to and enforced, but the assigned time will impose no delay.
e.  Once a candidate set of parameters has been established, the parameters can be distributed to other FSM users through the ADL. Each such user can then consider the impact on his or her operation and provide comments and recommendations.

[image: image4]
4. The ATCSCC executes an AFP.
a.  When the best parameters for an AFP have been established, the ATCSCC can send out the program through FSM. If the AFP has been modeled using an FEA, the FEA must be converted to an FCA. AFPs can only be implemented using FCAs.

b.  When a program is sent out several things happen.
i) Flight delay information is sent to ETMS to be reflected in the decision support tools that use this information, including TSD and FSM.
ii) EDCTs are sent to the ARTCCs and on to the terminals to be printed on flight strips.
iii) Control times are sent to the customers, so they can adjust their operating schedules appropriately.
c.  If a particular AFP play involves more than one FCA, a separate program will be sent out for each.
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5. Customers respond to the AFP.
a.  When a customer receives delay information for its flights, he can accept the delays or react.
b.  If a flight is routed out of the AFP that issued the flight’s delay, its control time will be lifted and the flight will be free to depart without restriction.
i) An exception to this is if the new route for the flight passes through another AFP. The flight then will be treated as a popup in the second AFP and assigned an FA delay.
ii) If a flight is no longer controlled by any program and no longer has an active EDCT, the flight will be issued an EDCT at the tower with a departure time of 0900Z. This is an indication that any EDCT for the flight has been lifted.
c.  A customer may substitute flights in an AFP as in a GDP. All flights involved in such a substitution must be controlled by the same AFP. The ATCSCC may suspend substitution procedures as required to ensure the integrity of the program.
d.  Customers will retain substitution and compression rights for any flights in an AFP that are cancelled or airline delayed. 
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6. Traffic managers monitor demand in the AFP area and elsewhere

a.  Field service providers must use the TSD to monitor en route demand and FSM to monitor airport demand to ensure that no exceedences are expected.

b.  Additional FSM-eligible FEAs should be created to monitor demand in other areas, in particular to ensure that spillover from flights routing around an AFP do not overload adjoining areas.

c.  Any developing problems that are identified should be dealt with through adjustments to the AFP or through other initiatives, such as miles-in-trail.
7. Other Traffic Management Initiatives are applied to deal with changing demand patterns and other weather conditions.
a.  If conditions at an airport require that a GDP be applied, the control times assigned by the GDP will take precedent over any AFPs the flights may be involved with.

i) This may disrupt the flow in an AFP and traffic managers should inspect all AFPs after a GDP action to see if an adjustment to the AFP is required.

ii) Any AFPs imposed while a GDP is in effect will treat the GDP-controlled flights as exempt, and not change their delay status.
b.  If en route conditions elsewhere require that another AFP be imposed, any flights already controlled by an AFP or a GDP will be treated as exempt in the AFP and their delay status will not be changed.
i) An exception to this is if an “override” AFP is imposed. Override AFPs take precedence over existing AFPs and will be reserved for extreme conditions. If an override AFP is applied any EDCTs imposed by other AFPs will be ignored and flights will be controlled by the new AFP. Flights controlled by a GDP will not be changed.

8. The ATCSCC responds to changing conditions.
a.  If at any time the ATCSCC sees that demand is substantially over capacity, it should revise the program. There are several reasons this may be required.
i) New flights in the AFP, either through route changes or popups, can increase demand.

ii) Worsening weather can reduce capacity.

iii) Field facilities may report that, even with the program in place, demand is still too high and must be reduced further.

b.  If demand falls below capacity, the ATCSCC should respond to minimize unnecessary delay.
i) The preferred method of restoring demand to the level of capacity is through a compression. A compression can reduce delay while minimizing the number of EDCT changes.

ii) If a compression does not restore demand sufficiently (as might happen if many flights have routed out of the AFP), then the ATCSCC should run a revision. 

9. When the problem has dissipated the ATCSCC cancels the program.

a.  When the weather clears or demand drops below capacity the ATCSCC can cancel an active AFP.
b.  Flights that are controlled by the cancelled AFP and do not pass through any other active AFPs will have their EDCTs lifted and be free to depart without restriction. A lifted EDCT will be indicated by sending an EDCT of 0900 to the departure facility.
c.  Flights that are controlled by the cancelled AFP that do pass through other AFPs will become popups in those AFPs and assigned an FA delay based on the requested entry time into the new AFP.

4 Benefits

The principal goal of the AFP capability is to provide an additional tool to traffic managers that will enable them to more effectively and efficiently control demand in the airspace. The particular benefits of using AFPs as an alternative to GDPs in support of SWAP are

· There will be less unnecessary delay as controls can be applied exclusively to flights that are identified as part of the en route congestion problem, rather than the broad-brush application of delay to all flights into selected airports.
· Traffic managers will have better control of demand in the congested airspace because all flights in the constrained area can be selected and controlled, which will reduce the need for tactical corrections later.
· Unavoidable delays will be more equitably distributed among flights in the congested area, so all users of the airspace will assume their fair share of delay.
· Unavoidable delays will be distributed among a wider group of flights, resulting in lower average delay for each flight involved.

· Traffic managers will have to execute and monitor fewer programs to accomplish the same mission – one or two AFPs rather than a dozen GDPs – and customers will have fewer programs to manage.
· Customers will have more substitution options and better control of their schedules, as they may have 20 flights in a single AFP rather than 2 flights in each of 10 GDPs.

· In some cases customers will be able to avoid ground delays entirely by routing around constraints.

· Service providers and customers may have fewer EDCTs to process since fewer flights are unnecessarily controlled

· The workload for terminal service providers at congested airports such as LGA can be reduced since departures from these airports can be excluded from controls.
Other applications of AFP beyond SWAP support will have additional benefits.

5 Issues
The Airspace Flow Program capability is a major step in the FAA’s approach to traffic flow management, and as with any new technology there are still a large number of open issues. Some are being pursued and hopefully resolved through HITLs before deployment, some can only be resolved through experience gained in actual operations, and some may remain open for a while.

The principal issues identified to date include

· Training is considered the single biggest issue. Training will be needed for tower, en route and ATCSCC personnel, as well as for customer positions.

· An additional critical issue is finding the best way to serve the GA community and non-CDM participants, including access to AFP information and timely access to EDCTs

· The capacity of the airspace in the presence of disruptive weather has never been quantified, and the best way to translate sector capacity into AFP arrival rates remains unresolved.
· Terminals that have never had to enforce EDCTs will now be getting them. In some cases EDCTs will be applied to flights from non-towered airports. Will there be critical compliance problems for these flights?

· Will the demand be predictable enough to allow stable programs, or will the number of revisions and adjustments required generate an excessive workload for traffic managers and an excessive number of EDCT changes?
· Good methods for dealing with expected popup flights are not yet deployed, and further guidance to traffic managers on how to allow for popups when planning programs will be required.
· GDPs are built on the notion of Ration by Schedule and that same philosophy should extend to AFPs, but the concept of ‘schedule’ in the airspace is not well defined.

· The existing ETMS-supported classification of flights into those filtered out in the FCA definition, those exempted from delays in the AFP, and those subject to delays needs to be expanded to better support AFP planning.
· How should weather systems that are moving or change in extent be handled by the program?

· Controllers granting direct routes to pilots will disrupt the flow into AFPs.
· Multiple simultaneous AFPs may be difficult to manage.

Glossary 
AAR
Area Arrival Rate (for AFPs)
AFP
Airspace Flow Program

ADL 
Aggregate Demand Lists

ARTCC
Air Route Traffic Control Center
ATCSCC
Air Traffic Control System Command Center

CDM 
Collaborative Decision Making

ConOps
Concept of Operations

EDCT
Estimate Departure Clearance Time
ETMS
Enhanced Traffic Management System
FA
Fuel Advisory
FSM
Flight Schedule Monitor
FCA
Flow Constrained Area 
FEA
Flow Evaluation Area
FET
Flow Evaluation Team
GA
General Aviation
GDP
Ground Delay Program
HITL
Human-in-the-Loop
IRT
Integrated Route Team
MIT
miles in trail
NAS
National Airspace System
RBS
Ration by Schedule
SWAP
Severe Weather Avoidance Procedures
TSD
Tactical Situation Display
TMI
Traffic Management Initiative
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Figure 3-5: Flight List for Single Carrier





Figure 3-3: FSM Demand Graph before Program Execution





Demand exceeding expected capacity





Figure 3-4: Demand in FCA after AFP is executed





Provision made for future popup traffic





Figure 3-2: Potential “Playbook” AFP 
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