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FOREWORD

We are pleased to present this update to the attached document entitled “Strategic Plan for Oceanic Airspace Enhancements and Separation Reductions.” to the United States and international aviation community.  This document presents our near-term (2002), mid-term (2003-2006) 
and far-term (beyond  2007)) oceanic initiatives, commitments and plans.  Near-term initiatives include continued expansion of reduced vertical separation minimum (RVSM) in the North Atlantic (NAT) airspace, 50 nm lateral separation in Pacific (PAC) airspace, the introduction of Dynamic Aircraft Route Planning and user preferred routes in the South Pacific and RVSM in the West Atlantic Route System.  Mid-term initiatives include 50 nm longitudinal separation in the PAC, 30 nm lateral separation in the NAT and PAC airspaces, and 5 minutes longitudinal separation in the NAT.  Far-term initiatives include further reductions in separation and increased flexibility leading towards a free flight oceanic airspace environment.

This plan was developed as a result of extensive coordination within the Federal Aviation Administration (FAA), and throughout the U.S. domestic and international aviation community.  The primary purpose of this document is to communicate in a clear and consistent fashion, the FAA's plan for oceanic airspace and system improvement.

As our three organizations -- Air Traffic Services, Flight Standards Service and Research and Acquisitions Service -- are committed to this important endeavor, we have established clear priorities and created an organizational structure within the FAA that will ensure successful on-time delivery of the benefits described in the plan.  Additional information can be found on the FAA Air Traffic Operations web site (www.faa.gov/ats/ato/130.htm).

We look forward to working with all of you to make this plan a reality and ask for your continued support.

_________________________

_________________________

Bill G. Peacock


              Nicholas Sabatini

Director of Air Traffic


Director, Flight Standards Service

_________________________


Anne Harlan


Director, William J. Hughes Technical Center

EXECUTIVE SUMMARY

The goal of this plan is to convey the Federal Aviation Administration’s (FAA) strategy for implementing airspace enhancements in the oceanic environment.  The enhancements are based on a collaborative effort among the aviation community, including the FAA and industry.  Having the involvement of all facets of the aviation community ensures that future hardware and software development is congruent while maintaining today’s safety standards.

Recent advances made in modern transport aircraft and the use of the FAA’s enhanced ground-based automation have provided the basis for the FAA’s current initiative to improve the overall oceanic air traffic control (ATC) system.  These new technologies will transform the entire oceanic ATC system into an advanced oceanic air traffic management (ATM) system that will support airspace enhancements and the reduction of separation standards.

The FAA’s strategy for implementing the proposed airspace enhancements and separation reduction initiatives follows an evolutionary progression.  A key element of the strategy is built-in flexibility and responsiveness during the implementation process.  Flexibility allows for revisions and refinements during the implementation process as a more definitive understanding is gained through research, analysis, prototyping and flight trials.

In current oceanic operations, the International Civil Aviation Organization (ICAO) establishes standards and recommended practices while the United States is responsible for implementing prescribed procedures and separation standards for the large areas of oceanic airspace in which the United States has been delegated responsibility to provide ATC services.  The current oceanic ATC system is procedurally based, relying heavily on filed flight plan data.  Tracking the progress of aircraft through oceanic airspace is based on infrequent position reports sent by the aircraft.  The infrequency of position reports, coupled with limitations in navigational accuracy and communications, have resulted in the large separation standards that have been established.  Large separation minima limit the ability of controllers to grant preferred routes based on updated wind data or altitude profiles, as well as contribute to flow restrictions at peak hours.

The strategic goals of providing airspace enhancements, reducing separation minima, and providing benefits must conform to the overall oceanic ATM objective of efficiently managing the airspace while ensuring safe separation.  Since implementation of the Strategic Plan will involve significant resources, the derived benefits must be proportional.  Typically, reduced route complexity and associated reductions in on-ground and in-air delays, result in more efficient aircraft operation and utilization.  Similarly, reductions in fuel consumption and increases in aircraft utilization result in significant monetary benefits to the airlines and the flying public.  Paradoxically, the increased efficiency often results in increased demand for service.  For the services provided by the oceanic ATM system, an increase in demand without the technological capability to reduce separation minima will likely result in decreased efficiency and increased costs.

This document, Strategic Plan for Oceanic Airspace Enhancements and Separation Reductions, describes the FAA’s strategy to support the overall oceanic ATM system improvement concept, including separation reduction and other airspace enhancements.  Such an approach will ensure the proper employment of advanced technology, incorporate lessons learned, and ultimately provide consistent and measurable benefits to the FAA user community. 

The strategy consists of a number of staged initiatives as depicted below.  

                 Road Map to Implementation of Oceanic Enhancements/Initiatives
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The figure also depicts the impact on airspace structure associated with each intermediary step.  Current separation standards are based on air and ground system capabilities that were available at the time that each individual standard was implemented.  In the Near-Term (thru 2002), improved and increased utilization of equipment supporting in-trail aircraft altitude changes will aid in ATM.  Expanded use of avionics providing controller-to-pilot data links and improved navigation system performance will aid in reducing separation minima, as well as Dynamic Aircraft Route Planning (DARP) and user preferred routes.  Increased use of flexible tracks is also expected to replace the dependence on the fixed route system.

During the next three years of this century (2003-2006), experience gained with new procedures and expanded use of improved avionics will result in improved airspace management and increased overall capacity.  Coupled with the deployment of advanced ground automation, improved separation standards such as a reduction to 50 nautical miles (nm) longitudinal and 30 nm lateral and longitudinal in oceanic areas can be implemented.  Improved distribution of data on the ground will allow collaborative decision-making in support of user preferred routes (UPRs).  This will allow users to choose more desirable route profiles and utilize more flexible tracks.

The Far-Term vision (beyond 2007) is still evolving, but expansion of Near-Term benefits will continue with use of DARP and UPRs.  The Far-Term goal is to see full-scale use of the existing and developing communication, navigation, and surveillance (CNS) technologies, as well as ground and airborne automation display systems.  Such an environment will provide the framework for further reductions in lateral and longitudinal separation standards, expanded use of dynamic routings, and the migration towards oceanic free flight.

Implementation of oceanic airspace enhancements and reduced separation initiatives requires identification of requirements, analysis of benefits and costs, assessment of safety, and an assessment of the impact on air traffic operations.  Integral factors in the successful implementation of the Strategic Plan are detailed schedules and plans to achieve the goals stated in the Strategic Plan.  A schedule and expanded plan have been developed and documented in the Implementation Plan for Oceanic Airspace Enhancements and Separation Reductions [1].
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1.
INTRODUCTION AND BACKGROUND

1.1
The current oceanic air traffic control (ATC) system is a procedural system which primarily utilizes infrequent high frequency (HF) radio position reports to assure conformance with the filed flight plan and separation from other flights. The existing HF communications system utilized to disseminate the position reports is noise prone and subject to delays.  Due to the manual nature and system limitations, the current allowable inter-aircraft separations are restrictively large and vary as a function of flight information region (FIR), airspace structure, and ATC procedures.

1.2
In the future, automated and interconnected electronic flight data operations will be introduced.  An advanced oceanic automation system is being designed to assist the operators of the system through automation aids, as well as high-quality and reliable direct communications with the pilots and with adjacent facilities.  The combination of an advanced ground-based automation system, enhanced on-board flight management systems, “glass cockpit” map displays, satellite communications and navigation, advanced surveillance systems, and collision avoidance systems will transform the current oceanic ATC system into the modern oceanic air traffic management (ATM) system envisioned by the Federal Aviation Administration (FAA).  This system will allow better collaborative decision-making (CDM) and integrated operations between the FAA’s ATM system, neighboring air traffic service providers (ATSPs), airline operations centers (AOCs), and the aircraft.

1.3
The key components of the enhanced oceanic ATM system that support the pilots, airlines, controllers, and traffic management specialists are:

· Improved air/ground communications

· Enhanced automation aids

· Better interfacility communications and coordination

· Harmonized operating procedures

· Reduced separation standards

It is imperative that these system components are integrated to form an effective oceanic ATM system concept that is responsive to the needs of the users, air traffic and communication service providers, and the system maintainers, while providing user benefits.

1.4
The FAA is committed to the implementation of several initiatives that ensure the realization of the Future ATM System Concept [2].  As shown in Figure 1-1, the initiatives are fundamental in realizing the oceanic ATM system improvement concept.
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Figure 1-1.  Initiatives to Realize Oceanic ATM System Concept
1.5
Various FAA documents listed below describe the individual initiatives and conglomerate efforts towards future oceanic ATM system enhancements:

· Future ATM System Concept for Oceanic [2]
· The Future of the Oceanic Air Traffic System:  A Shared Vision [3]

· Air Traffic Service Plan, 1995-2000 [4]

· Report of the RTCA Board of Director’s Select Committee on Free Flight [5]

· Airline Operational Control Overview [6]

· Hybrid Air Traffic Management System Plan for the NAT Region [7]


This Strategic Plan and its companion document, Implementation Plan for Oceanic Airspace Enhancements and Separation Reductions, focus specifically on FAA airspace enhancements and separation reductions that are an integral part of the overall oceanic ATM system improvement concept. 

1.6 Since implementation of the Strategic Plan involves many resources, the Implementation Plan for Oceanic Airspace Enhancements and Separation Reductions was developed to identify the tasks, FAA organization(s) that are accountable for completion of the identified tasks, and the FAA resources necessary to ensure successful implementation of each initiative.  It is intended for use by individual FAA program managers in managing each of the identified airspace and separation initiatives, and will be frequently updated to reflect progress of each initiative. 

1.7
The remainder of this document is organized as follows:

· Section 2 presents a description of the current oceanic operational environment.

· Section 3 states the high-level objectives of the oceanic system and describes how the oceanic enhancements identified in this document meet those objectives.

· Section 4 presents an overview of the benefits associated with several oceanic system enhancements.

· Section 5 provides an overview description of each airspace initiative/enhancement.

· Section 6 details a high-level view of the strategy that the FAA is undertaking in order to implement airspace enhancements and separation reduction initiatives.

· Section 7 presents an overview of the generic FAA three-step process used to implement each initiative.

· Section 8 defines enabling ground and aircraft capabilities necessary for implementation of each initiative.

· Section 9 provides a description of the ICAO and industry coordination activities that are key to this plan.

· Section 10 presents information regarding FAA regulations and separation reductions.

· Section 11 discusses the FAA activities that will move the aviation community into the future oceanic airspace environment.

2.
CURRENT OCEANIC OPERATIONS

2.1
ICAO establishes standards and recommended practices (SARPS) governing international air traffic services (ATS).  ICAO has assigned the United States responsibility to provide oceanic ATC services within a portion of the western half of the North Atlantic Region, most of the Gulf of Mexico, and a large percentage of the Pacific Region.

2.2
The current oceanic ATC system is procedural in nature, using filed flight plans and position reports to track an aircraft’s progress and ensure separation is maintained. The progress of aircraft is monitored by ATC using position reports sent by the aircraft over HF radio or data link.  Position reports are infrequent (approximately one report per hour), and the accuracy of these reports depends on the accuracy of the aircraft’s on-board navigation system and timing accuracy.  As with position reports, winds aloft data are received by the FAA infrequently and are often inaccurate.  HF communication is subject to interferences, disruptions, and delays due to weather phenomena, sunspot activity, and because it requires that radio operators relay messages between pilots and controllers.  These deficiencies in communications, navigation, and surveillance necessitate large horizontal separation minima.

2.3
The separation minima currently in effect on many routes limit the ability of controllers to grant preferred wind efficient routes, or preferred altitude profiles during peak traffic periods.  Even on routes where flexible wind efficient tracks are generated on a daily or twice daily basis, the efficiency of the tracks is degraded by the need to maintain a large lateral separation minimum between tracks.

2.4
Flow restrictions placed on heavily traveled routes during peak hours are in part due to the large separation minima that are in place.  As a result, aircraft may not be permitted to fly their preferred routes if they travel during peak times.  Ground based restrictions are issued to reduce the delays at oceanic gateway fixes.  With the anticipated increase in air traffic congestion, the associated delays and lack of available desired routes will only escalate.

2.5
Current oceanic separation minima are defined by Oceanic and Offshore Procedures, Chapter 8, FAA Order 7110.65 Air Traffic Control [8].  These procedures are consistent with the ICAO Regional Supplementary Procedures.

2.6
North Atlantic (NAT) Oceanic Traffic Flows

2.6.1
The New York Oceanic Control Center controls a portion of four major traffic flows in the ICAO NAT Region.  The first major flow throughout the NAT is the Organized Track System (OTS).   As a result of seasonal variations in the North Atlantic wind patterns, a portion of these tracks often fall into U.S. airspace.  The dense air traffic in this region limits the allowable crossing situations, which results in a highly organized fixed traffic flow.  The main tracks are developed based on the forecasted winds aloft data that is available twice daily.  The OTS is within Minimum Navigation Performance Specification (MNPS) airspace.  MNPS airspace is that portion of NAT airspace between FL290 – FL410 
from latitude 27 degrees North to the North Pole, bounded in the east by the eastern boundaries of control areas (CTA) Santa Maria Oceanic, Shanwick Oceanic and Reykjavik, and in the west by the western boundary of CTA Reykjavik, the western boundary of CTA Gander Oceanic and the western boundary of CTA New York Oceanic excluding the area west of 60 degrees West and south of 38 degrees 30 minutes North.  Separation minima in effect in MNPS airspace are 60 nm lateral, 15 minutes longitudinal, 2000 feet vertical between FL290-FL310 and above FL390, and 1000 feet vertical from FL310-390.  Mach number technique can be used to reduce in-trail times (longitudinal separation) from 15 minutes to a nominal 10 minutes.  Figure 2-1 shows the major NAT traffic flows controlled by New York’s Oceanic Control Center.
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Figure 2-1.  Major Flows Through New York ARTCC Airspace

2.6.2
The second major flow is from the Iberian Peninsula to the Caribbean or South America.  A flex track system is utilized for this Europe-to-the-Caribbean traffic, which provides for better alignment with the winds aloft and better utilization of prime altitudes. 

2.6.3
The third flow in the NAT is between Europe and North America, which consists of random routes adapted to wind conditions.  These routes often require route crossings that add ATC complexity.

2.6.4
The portion of the Caribbean traffic controlled by New York is dominated by the West Atlantic Route System (WATRS).  The WATRS is a complex web of crossing fixed routes, which frequently experience high traffic volume.  Within the WATRS, the fourth and heaviest major traffic flow is north-south from the U.S. east coast to Puerto Rico.  Traffic on this route peaks in the morning due to the southern push and conversely during the late afternoon peaks from the northbound push. 

2.7
Pacific Oceanic Traffic Flows

2.7.1
The Oakland and Anchorage Oceanic FIRs cover more than 9% of the earth’s surface, which is approximately five times the area covered by the continental U.S. (CONUS) airspace.  Major Pacific Oceanic traffic flows are depicted in Figure 2-2.


Figure 2-2.  Major Pacific Ocean Traffic Flows

2.7.2
Traffic on the Pacific Organized Track System (PACOTS) flows between North America and Hawaii to Asia and Australia/New Zealand (Table 2-2).  The Oakland Air Route Traffic Control Center (ARTCC) Traffic Management Unit (TMU) and Tokyo Area Control Center develop and publish flexible tracks for these routes twice daily to take maximum advantage of changing wind forecasts.  The PACOTS tracks are used by airline operators for flight planning.

Table 2-1.  Pacific Organized Track System Track Designations
PACOTS 
Tracks
Origin/Destination

Track 1
Japan to Pacific Northwest

Track 2
Japan to San Francisco

Track 3
Japan to Los Angeles

Track 4
Japan to West Coast US

Track 8
Japan to Dallas

Tracks 11 & 12
Japan to Honolulu

Track 14 & 15
Taipei/Hong Kong to San Francisco/Los Angeles

Track 20 
Sydney to Los Angeles

Track 21
Auckland to Los Angeles

Tracks A&B 
Honolulu to Japan

Tracks C,D,E,F,G
West Coast US to Japan

Track I&K
West Coast US to Taipei/Hong Kong

Track L
West Coast US to Manila

Track M
Dallas to Japan

Track W
Los Angeles to Sydney

Track X
Los Angeles to Auckland

2.7.3
The nominal lateral separation minimum for the PACOTS north of 30 degrees North is 50 nm between aircraft approved for RNP-10 for the entire route of flight.  South of that latitude the nominal track spacing is 100 nm.  The standard longitudinal minimum is 15 minutes, though Mach number techniques can be used to reduce in-trail times from 15 minutes to a nominal 10 minutes.  Tracks are loaded at the gateway fix 20 minutes in‑trail with a 10-minute window, ensuring a minimum of 10 minutes spacing.  The vertical separation minimum is 1000 feet between flight levels (FL) 290 and FL 410 for aircraft approved for reduced vertical separation minimum (RVSM).  Aircraft not approved for RVSM may operate above FL 390, however, 2000 ft vertical separation will be provided.
2.7.4
The North Pacific (NOPAC) Route System consists of five fixed tracks and nine transition routes from Alaska to the rapidly growing Asian and Pacific Rim countries (e.g., Japan).  The long distances involved between city pairs on these routes make wind optimized routing and flight profiles for fuel economy a high priority for users.  Westbound flights from New York to Tokyo compete for northern routes, which, though slightly longer, may save significant time by avoiding the jet stream.  Flight profiles are equally important because flying a non-preferred altitude may be costly and can result in the aircraft not being able to reach its primary destination.  Figure 2-2 shows the geographic position of the NOPAC Route System.

2.7.5
The Central East Pacific (CEP) routes connect the U.S. West Coast to Hawaii using five interior fixed unidirectional tracks, generally dense in traffic, and two exterior bi-directional fixed tracks.  

2.7.6
The Central Pacific (CENPAC) traffic region consists of PACOTS traffic from Hawaii to Japan, Japan to Hawaii, Japan to the U.S. West Coast, and the U.S. West Coast to Japan.  The CENPAC region is characterized by long length tracks and complex weather situations.  The fixed tracks connecting the U.S. and Canadian Pacific Northwest to Hawaii cross the U.S. West Coast to Japan PACOTS tracks, and thereby create additional complexity for air traffic controllers.

2.7.7
The traffic flow between Hawaii and the South Pacific (SOPAC) utilizes fixed ATS tracks and random tracks.  SOPAC traffic is also characterized by long length tracks.  It includes the PACOTS tracks defined between the city pairs of Los Angeles and San Francisco to Sydney and Auckland.

2.7.8   
The area around Guam contains the last traffic flow from northeast Asia to the South Pacific.  Most aircraft in this region use fixed ATS tracks.  Routes are predominantly one way, converging, and dense with some opposite direction traffic.  Traffic from the Far East to Hawaii and the PACOTS cross this north-south traffic flow, which adds corresponding complexity for air traffic controllers responsible for this area.

2.8 Gulf of Mexico Traffic Flows

2.8.1



Aim: to provide communication, navigation, and surveillance services similar to domestic en route airspace.
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Figure 2-3.  Gulf of Mexico Traffic Flows          
2.8.2     Background

An area of approximately 60,000 square miles in the Central Gulf of Mexico currently lacks all but the most basic Communications, Navigation, and Surveillance (CNS) components.  Separation assurance is provided through the use of oceanic non-radar procedures, which employ cumbersome and inefficient separation standards.  

In the Gulf of Mexico, there are two major user communities: low altitude offshore operators and high altitude operators.  
2.8.3   Gulf of Mexico (GOMEX) Low Altitude Offshore Operations:

GOMEX low altitude offshore airspace is populated primarily by helicopter flights supporting the oil and gas industry.  The helicopter fleet consists of over 600 aircraft, which conduct an average of 6,000 flights per day (approximately 2.1 million operations per year) ferrying some 1.8 million passengers per year.  These operations are contained in an area 500 miles along the Texas, Louisiana, and Mississippi coasts, extending 125-150 miles into the Gulf.  These operations primarily support oil and gas exploration and production in the Gulf of Mexico, activities that account for 2-3% of the U.S. Gross Domestic Product.

The primary operational challenges are a lack of communications and weather reporting capability.  The majority of helicopter flights take place between 7,000 feet down and the surface.  There are currently 5 RCAG (Remote Communications/Air-Ground) sites located on platforms in the Gulf.  These sites, combined with a similar number of onshore sites, provide VHF coverage down to about 4500 feet across the helicopter operations area.  The absence of direct pilot/controller communications below 4,500 feet hampers operational efficiency.  When IFR conditions are prevalent, capacity is reduced nearly 95%.  The oil and gas industry estimates that such a reduction in capacity costs several million dollars per day in lost productivity and overtime.  

On IFR days, many operators are forced to cancel flights due to the absence of both en route and destination weather data.  Rapidly-forming weather phenomena such as sea fog and temperature inversions can impact the safety of operations because pilots can encounter these conditions with little or no warning while operating on flights that are at or near the aircraft’s maximum range.  Adverse weather conditions impact the region an average of one day out of four.  

2.8.4    Gulf of Mexico High Altitude Operations:

There are approximately 1,000 high altitude operations per day in the Gulf of Mexico.  Flights operating close to shore are covered by one of the many radars ringing the Gulf of Mexico, allowing them to safely operate with smaller, more efficient radar separation standards.  However, as one moves deeper into the Gulf, the similarities to domestic airspace end; approximately 300 flights per day transit Gulf oceanic airspace, with the numbers considerably higher during the busy spring and summer travel seasons. As with low altitude offshore airspace, the high altitude en route airspace of the Gulf is impacted by communications, surveillance, and automation deficiencies. Gaps in VHF coverage and lack of surveillance negatively impact capacity by forcing controllers to use larger separation standards between aircraft. Significant VHF communications gaps occur at and below FL 290.  Approximately 17% of the Gulf traffic operates below that level.

CNS deficiencies force aircraft operators to fly at lower, less efficient altitudes, fly longer routes, or take a delay on the ground.  Seasonally, the higher altitudes in the Gulf are subject to severe chop and turbulence, forcing more aircraft down into altitudes without VHF communications, further compounding the capacity problem. 

Approximately 40% of aircraft flying in Gulf non-radar airspace are denied requested altitude or route, a figure twice that of similar domestic airspace.  Gulf airspace is also home to some of the largest and busiest military training airspace in the world, the presence of which contributes to airspace complexity, and limits FAA’s ability to use dynamic flow control.  

The absence of automated flight data exchange between the U.S. and Mexico has a direct effect on controller workload; it is estimated that some 35-45% of an oceanic controller’s workload is related to manual coordination of flight data.

Gulf traffic has grown at over twice the global average over the last 12 years.  In today’s environment, the 300+ oceanic operations per day frequently push demand beyond capacity and generate en route or ground delays.  If traffic grows as projected, these delays will increase.

3.
HIGH-LEVEL OBJECTIVES

3.1
The Strategic Plan for implementing separation minima reductions falls within the context of an overall set of operational capabilities, Future ATM System Concept [2].  These operational capabilities are included in Figure 3-1.
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Figure 3-1.  Capabilities of the Oceanic ATM System
These top-level operational capabilities will be provided with the objective of ensuring global compatibility, interoperability, and acceptance. 

3.2
The operational objective most relevant to strategic airspace planning and separation reductions is to Manage Utilization of Airspace.  Operational objectives in support of this management include those defined in Figure 3-2.
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Figure 3-2.  Objectives in Support of Manage Utilization of Airspace

The FAA and airspace users are jointly responsible for minimizing the situations in which airspace resource demands exceed capacity.  Airspace management works to achieve this objective through both strategic and tactical means.  The FAA identifies system constraints and disseminates this information to airspace users, who then adjust their schedules or their planned flight paths to reduce the demand on the constrained resource.  In order to maintain or improve the safety of flight operations, the oceanic ATM system must evolve to increase resource capacity in proportion to increasing traffic demand, while addressing the need for cost effective operations by minimizing delays and system induced penalties.

3.3
The operational objectives to reduce horizontal and vertical separation minima follow from the objectives set forth in Section 3.2 and are logically subordinate to them.  Objectives at the same level as separation minima reductions must include: providing the controller with the automation tools necessary to control the increased number of aircraft which results from these minima, having the communications capabilities to rapidly respond to flight plan changes made enroute, and to provide increased operator involvement in decision-making.  (These objectives are met through the enabling capabilities described under each initiative in Section 8.) 

3.4
The drivers which determine the sequence and precedence of implementing reduced separation minima include: safety considerations, controller and user benefits, fleet equipage (current and projected), controller workload, and level of resources required to implement.  ATM initiatives outside the scope of this plan may affect the priority or implementation of these initiatives.  For example, creation of additional city pair tracks could reduce the need for increasing route capacity by reducing separation minima.

4.
BENEFITS OVERVIEW

4.1
As shown in Figure 4-1, reduced separation standards will result in benefits to the airspace users.  The enhancements should be possible as technological enhancements in the areas of navigation systems, ground and airborne automation and procedural enhancements are introduced.  Automation enhancements that support airspace initiatives result directly or indirectly in potential benefits such as: 

· Reduced ATC route complexity 

· Increased flexibility of aircraft operations

· Fuel savings

· Reduced ground and airborne delays

· Increased revenues due to increased payloads

· More efficient flight profiles

· Reduction in errors
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4.2
The FAA conducted several simulations and analyses for the Pacific and North Atlantic Regions in order to identify the potential user benefits of implementing airspace enhancements and reducing separation minima.  The simulations and analyses identified the overall magnitude of potential benefits that could result from a reduction in separation standards.  However, additional simulations and analyses are planned to consider each individual airspace/separation standard and its potential benefits.

4.2.1
The simulations and analyses discussed were effectively used to compare performance under different operating conditions (traffic levels, separation standards, etc.) and to measure relative differences.  However, since the results were obtained by taking into consideration a set of assumptions, some of the results should not be interpreted in an absolute sense.  Because it is impossible to model all the existing operational constraints for replicating real traffic situations in a simulation or in an analysis, a number of assumptions about the operational environment and constraints typically must be made.

4.3
Reduced Horizontal Separation in the Pacific Region.  As part of the Lead-the-Fleet Cost/Benefits Study for the FAA, Oceanic and Offshore IPT Program Baseline Brief to the Joint Resource Council (JRC) [9], an analysis was performed in the summer of 1996 to identify potential benefits to airspace users in the Pacific Region.  This analysis identified the impact of both reduced lateral and longitudinal separations and traffic growth associated with fuel penalties/savings for then existing PACOTS and CEP composite route system operations in the Oakland FIR.  The reduced separations examined were 50 nm lateral, 50 nm lateral/50 nm longitudinal, and 30 nm lateral/30 nm longitudinal.  Four timeframes were considered: 1996, 2000, 2005, and 2015 with a 6.7% traffic growth per year assumed.  The benefits to the airspace users were derived by comparing the performance of oceanic operations in a particular year using the existing separation criteria with the performance using reduced separations. 

· The benefits, identified in the FAA, Oceanic and Offshore IPT Program Baseline Brief to the Joint Resource Council (JRC) [9], were tied to a specific Oceanic System Development and Support (OSDS) automation upgrade for a timeframe of 1996-2015.  The fuel savings benefits were as follows:

· OSDS Upgrades - 1998 (50 nm lateral) - Approximately $357 Million    

      (M)

-     Advanced OSDS Upgrades - 2000 (50 nm lateral/50 nm longitudinal) – 

      Approximately $604M 

· Future OSDS Upgrades - 2005 (30 nm lateral/30 nm longitudinal) 

      Approximately $835M

· Comparable upgrades with similar benefits are planned as part of the Advanced Technology and Oceanic Procedures (ATOP) acquisition..

4.3.1
Reduced Vertical Separation in the Pacific Region 

4.3.1.1
According to the International Air Transport Association (IATA), the effect of reducing the vertical separation minimum (VSM) above flight level 290 had the dual results of increasing airspace capacity and allowing flight 2000 ft closer to optimum cruise levels.  Within the Asia/Pacific Region there is generally a lesser emphasis on the airspace capacity problem, but a greater emphasis on cruise flight efficiency.  So the economic and operational arguments for the introduction of 1000 ft VSM were far less obvious to the airspace users and managers.  

4.3.1.2
Airlines in the North Atlantic have consistently been quoted as saying the fuel burn in the cruise was reduced between 0.5% and 1.0 % annually by being able to always fly close to the aircraft’s optimum cruise level.  The North Pacific routes are approximately twice the flight time of the North Atlantic, but the flight numbers are about half therefore flight hours per annum in each of these airspace’s is approximately equal.  The fuel tonnage burned on the Pacific is however greater as the average aircraft size is significantly greater.  This occurs because of the predominance of the larger B747 in the Pacific Ocean operations.

4.3.1.3
One airline in the Asia/Pacific region did their own pre-1000’ VSM implementation study in 1997 and came up with the familiar 0.5% to 1.0 % reduction in fuel burn number for their fleet in Australasian operations, based on flight efficiency in the cruise, not airspace capacity reasons.  

4.3.1.4
IATA considered that using the North Atlantic and Australasian examples of a percentage fuel burn reduction using optimum flight levels to calculate a North Pacific economic result would probably be valid.  The fuel burn reduction would be applicable to the 203 average flights per day across the North Pacific where the average oceanic cruise flight times are approximately eight or nine hours.   This constitutes about 50% of the Pacific traffic.  The fleet fuel cost, at the current fuel price
 of jet fuel, would be reduced something like US $8.0 million per year for the modest 0.5% fuel burn reduction.

4.3.1.5
Of additional importance is the fact that reduced fuel burn also translates directly into reduced air pollution and that this should not be overlooked in reporting the benefit of implementing 1000 ft VSM in the region.

4.3.1.6
United Airlines reported to the tenth meeting of the ICAO Asia Pacific RVSM Implementation Task Force that the reductions in delays had been significant since the implementation of RVSM in the Pacific Region.  The delay reduction had reduced the number of missed connections for passengers at the hub airports.  United Airlines also advised that they have reduced fuel burn by reducing the number of re-routes for aircraft, particularly in the North Pacific (NOPAC).  With the ever-increasing cost of fuel, the savings amount to millions of dollars.  The most notable benefit was seen as the availability of 1000 ft climbs, particularly on the South Pacific routes.  In the same meeting, Air New Zealand noted that the availability of 1000 ft incremental flight levels had enabled the removal of the 10-minute spacing between aircraft departing Los Angeles for the South Pacific, which had been of considerable benefit.

4.4
North Atlantic Region. A cost/benefit analysis was also performed for the North Atlantic to determine the potential benefits of implementing RVSM in the NAT MNPS airspace.  The results of this analysis are documented in the Cost-Benefit Analysis of Reduced Vertical Separation Minimum Implementation in the North Atlantic Minimum Navigation Performance Specifications Airspace [10].  The benefits analysis covers years 1996 to 2015 and assumes the then existing vertical separation standard of 2000 feet.  The standard was reduced to 1000 feet for FL 290 through 410 within MNPS airspace.  This study is based on many projections including: 

· Three levels of traffic density: Optimistic (high), basic (medium) and pessimistic (low). Traffic projections for years 1996 to 2010 were based on the North Atlantic Traffic Forecasting Group’s (NAT TFG) report; projections for years 2000 to 2015 were extrapolated.

· Two levels of fuel prices were used: one upper bound and one lower bound. 

· Population of aircraft type and associated fuel consumption for each aircraft type were determined based on operational and airframe characteristics.

4.4.1
Benefits resulting from RVSM implementation in the NAT focused primarily on fuel consumption savings.  The average fuel savings per aircraft movement in 1996 was approximately 55.16 gallons.  The average fuel savings per aircraft movement in 2015 was projected to be approximately 44.32 gallons, which was a decrease in savings as compared to those associated with 1996.  This decrease was due in part to the use of more fuel-efficient aircraft and projected traffic density.  The annual fuel benefits based on high, medium, and low traffic density were respectively 14.2, 13.3, and 12.2 million gallons saved in 1996 and 18.2, 14.9, and 12.8 million gallons saved in 2015 for the overall commercial fleet.  These savings were initially determined in terms of gallons of fuel saved when more optimal flight levels were used.  Additional benefits may be possible through step climbs. 

4.4.2
Using fuel price projections and three traffic projections (high, medium and low), the total annual gallons saved were converted to total annual dollar savings.  The fuel price per gallon estimated for 1996 was $1.141 (high) and $0.743 (low), while for the year 2015, the fuel price per gallon was estimated at $3.342 and $3.239, respectively.  Using high fuel price projection, the 1996 dollar savings was approximately $15.8M (high traffic), $14.7M (medium traffic) and $13.6M (low traffic), and the expected dollar savings for 2015 was approximately $60.9M, $49.6M, and $42.7M, respectively.  Using low fuel price projections and traffic projections, the expected annual dollar savings was approximately $10.3M (high traffic), $9.6M (medium), and $8.8M (low) for 1996, and approximately $58.9M, $48.1M and $41.3M in 2015, respectively.  Translating the expected annual fuel savings into cumulative (1996 - 2015) dollar savings yielded an expected cumulative dollar savings in 2015 of approximately $578.6M (high traffic), $496.5M (medium traffic), and $430.7M (low traffic) (using low fuel price projections) and approximately $690.8M, $595.2M, and $517.5M respectively, assuming high fuel price projections. 

4.5
Summary of Benefits.  Table 4-1 provides a summary of the benefits discussed in this section.

Table 4-1.  Approximate Fuel Savings
REGION
MINIMA
SAVINGS

Calculations

(Fuel)

$(Low + High)M
2


COST SAVINGS

(Fuel) $M

NOTES

Pacific
50 nm lateral

$357
For 1996 through 2015


50 nm lateral/50 nm longitudinal

$604
For 1996 through 2015


30 nm lateral/30 nm longitudinal

$835
For 1996 through 2015


RVSM

$183                                              
For 2000 through 2014 (using 2000 traffic and fuel prices)







North Atlantic
RVSM
$(9.6+14.7)

2
$12.2
For 1996 (using med. traffic growth & average of low & high fuel price)



$(48.1+49.6)

2
$48.9
For 2015 (using med. traffic growth & average of low & high fuel price)



$(496.5+595.2)

2
$545.9
For 1996 through 2015 (using med. traffic growth & average of low & high fuel price)

4.5.1 Summary of NAT Implementation Management Group Cost/Effectiveness Programe (NICE) Task Force Report, October 1999, reported the following key results:

· A fuel burn savings for RVSM (reduced vertical separation minima, 1000ft vertical, 60 nm lateral, 15 minutes longitudinal) of approximately 0.5-0.8% based on automated re-clearance where an aircraft has a 4% probability of requesting step climbs (based on experience) and 0.2-0.3% based on the less restrictive operational input for resolving conflicts where all aircraft are assumed to request step climbs.

· A further fuel burn savings of approximately 0.03-0.1% for RHSM Phase 1 and 2 (reduced horizontal separation minima, 1000ft vertical, 60 nm, 7 minutes longitudinal, 10 minutes crossing).

· A 0.2% savings for RHSM Phase 3 (1000ft vertical, 30 nm lateral, 5 minutes longitudinal) over RVSM.

· For the pot-of-gold Free Flight scenario, a mean fuel burn savings ranging from 2.1% to 2.7% in the year 2010 when comparing to the current scenario where one aircraft has a 4% probability of requesting step climbs (automatic re-clearance logic); a mean fuel burn savings of 0.6-0.7% for the 2000-2010 when comparing to a current scenario where all aircraft will request step climbs (operational input).

5.
OVERVIEW OF OCEANIC AIRSPACE INITIATIVES

5.1
In order to enhance the level of service provided to airspace users, and to maximize benefits while maintaining or improving current levels of safety, the FAA has planned several airspace enhancements and separation reduction initiatives.  These initiatives are in various stages of implementation and include:

· Reduced Vertical Separation Minimum (RVSM)

· Reduced Horizontal Separation Minimum (RHSM)

· In-Trail Climb/In-Trail Descent (ITC/ITD)

· Dynamic Aircraft Route Planning (DARP)

· User Preferred Routes (UPR)

· Oceanic Free Flight

Enabling capabilities for each initiative are provided in Section 8.

5.1.1
Reduced Vertical Separation Minimum (RVSM).  The goal of RVSM is to reduce the vertical separation between FL 290 and FL 410, inclusive, from 2000 feet minimum to 1000 feet minimum, and to provide fuel savings and operational efficiencies for airspace users.  ICAO completed RVSM feasibility studies in 1988, and guidance material was published in 1991.  In early 1994, the FAA published Interim Guidance for RVSM Approval of Aircraft and Operators.  

5.1.1.1
Operational trials using 1,000 feet applied vertical separation in NAT MNPS airspace from FL330 to FL370, inclusive, began on March 27, 1997.  Initial feedback indicated that operational benefits were being achieved.   RVSM in the NAT would be implemented in phases, with the first being MNPS airspace, FL330 to FL370.  The next phase was implemented in October 1998 to include FL310 and FL390.  Additional phases may occur leading to full implementation that will include FL290 and FL410.

5.1.1.2
Pacific RVSM was implemented on February 24, 2000 from FL 290 to FL 390. The FAA has analyzed the feasibility of this initiative and performed safety and economic analyses.  Controller workload, associated procedures, and international agreements were established. At the request of both the operators and ATC, a safety assessment was conducted to expand the application of RVSM to FL410 in the Pacific Region.  Based on the outcome of this assessment, Pacific RVSM was expanded to FL 290 to FL 410, inclusive, on October 5, 2000.

5.1.1.3
The implementation of Pacific RVSM was pursued in several forums.  The Informal Pacific ATC Coordinating Group (IPACG) initially established an RVSM Task Force in June 1997 to consider application of RVSM in the North and Central Pacific airspace.  In January 1998, the Informal South Pacific ATS Coordinating Group (ISPACG), agreed to consider implementation of RVSM in the South Pacific airspace, in order to implement RVSM across the Pacific Ocean.

5.1.1.4
In August 1998, the Asia Pacific Air Navigation Planning and Implementation Regional Group (APANPIRG) established an ICAO RVSM Task Force to continue the work already underway by the informal groups, and to consider other areas in the Asia Pacific Region for which there was a benefit for the implementation of RVSM.  The FAA was invited to lead the ICAO RVSM Task Force for the Pacific implementation, and agreed, at the request of the ICAO Asia Pacific Regional Office, to continue to provide the leadership for this Task Force as the implementation of RVSM expands into Asia.

5.1.1.5
The Oceanic Work Group (OWG), co-chaired by the FAA’s Oakland Center and the Air Transport Association (ATA), took the U.S. lead for RVSM operational considerations in Pacific airspace.  

5.1.1.6
Each of these groups has evaluated operational concepts and benefits, aircraft and operator approval issues, and safety considerations for implementation of RVSM in the Pacific Region.

5.1.2
 Reduced Horizontal Separation Minimum (RHSM). RHSM initiatives include 50 nm lateral, 50 nm longitudinal, 30 nm lateral, and 30 nm longitudinal..  The FAA, along with States and operators has implemented a requirement for required navigation performance (RNP) as part of a worldwide ICAO effort to implement CNS and ATM concepts.  To support this effort, the IPACG implemented the application of 50 nm lateral separation on the NOPAC, CENPAC and the CEP routes, based on aircraft RNP-10 approval.  Application of 50 nm lateral separation for RNP-10 approved aircraft was implemented on April 23, 1998 in the NOPAC between FL310 and FL390.  Initially, 98-100% of the aircraft that flew in the NOPAC were RNP-10 approved.  Application of 50 nm lateral separation for RNP-10 approved aircraft in the CENPAC was implemented on December 3, 1998; and in the CEP on February 24, 2000.  On October 5, 2000, the floor of airspace where 50 nm lateral separation is applied was lowered to FL 290 in the Oakland and Anchorage FIRs.

5.1.2.1 The reduction from 100 nm to 50 nm lateral separation reduced the overall complexity of each of these systems from an ATC standpoint.  Each of these route systems contains major east/west traffic flows and the introduction of the 50 nm lateral separation minimum has reduced crossing traffic complexity as well as created the potential for more optimum routings on the minimum time and fuel tracks. In some areas that frequently encounter convective weather activity, an enhanced level of communication is necessary.  
5.1.2.2 The ICAO Separation and Airspace Safely Panel has established standards for the implementation of 30 nm lateral and longitudinal separation that call for direct controller-pilot communication via voice or datalink, aircraft navigation accuracy to RNP-4 (4 nm/95% probability) and ADS-A capability in the aircraft and at the oceanic center.
The Advanced Technology and Oceanic Procedures (ATOP) program will deploy ADS-A capability in airspace where the FAA provides oceanic air traffic services.  FAA oceanic centers currently offer Controller-Pilot Datalink Communications (CPDLC) service top equipped aircraft.

The ATOP system will enable the application (to properly equipped aircraft) of 50 nm longitudinal separation (extended use) and 30 nm lateral and longitudinal separation.  These reduced separation standards will increase oceanic capacity and aircraft time/fuel burn efficiency.  ATOP will also improve the safety of oceanic operations by giving controllers enhanced tools to tack aircraft progress and identify potential conflicts and problems.

Benefits, Performance Metrics
· Fuel/Time Savings.  Provides equipped users with fuel and time savings, more reliable and optimum routes and greater likelihood of timely granting of requests for clearance changes.

· Flow as Filed.  Percentage of flights cleared will increase.  As a result, fewer altitude changes or speed commands are needed because of the pilot’s ability to maintain spacing and the smaller separation “bubble” required around each aircraft.

· Route Efficiency.  The number of routes moved closer to great circle or minimal wind route are expected to increase, resulting in the reduction of fuel load as route reliability increases.

· Block Time Index. Lateral reductions have been shown to reduce fuel consumption, which has routinely been taken by carriers in the form of block time savings.

· Step Climbs.  Increase in user requests granted for procedures such as step climbs.

· Safety Benefit/Collision Risk Reduction.  Enhanced ATOP surveillance capabilities combined with CPDLC communication enhancements will enable controllers to detect and intervene when aircraft deviate from cleared track or altitude and mitigate the risk of conflict with other aircraft.

Scope and Applicability

· Enhanced Surveillance in FAA Controlled Airspace.  ADS-A will provide enhanced surveillance capability in Oakland, Anchorage, and New York oceanic airspace.  ADS-A will enable the FAA to apply 30 nm lateral and longitudinal separation in that airspace.

· Initial Goals/Dates.  Initial FAA goals are to implement 30 nm lateral and longitudinal (30/30) separation in Oakland controlled South Pacific airspace by 2005.  This will be expanded to additional FAA controlled airspace as ADS-A deployment plan progresses.

· Aircraft Fleet Equipage.  30/30 separation and enhanced surveillance will only apply to appropriately equipped aircraft.  Aircraft system requirements for 30/30 include CPDLC, RNP-4 approval, and ADS-A.

· Contingency Procedures.  Contingency procedures will be developed for the loss of communications, ADS-A or aircraft RNP-4 capability, aircraft system malfunction, and weather deviations.

Key Risks

· ADS-A System Deployment.  ADS-A system must progress without significant delay to IOC and Build II at Oakland ARTCC.

· ADS-a System Performance.  ADS-A system must perform at prescribed levels of reliability and availability.

· Staff Resources.  Availability of Flight Standards specialist resource to assess ADS-A system performance and capability ato mitigate collision risk and enable aircraft separation reduction.
· ICAO Requirements.  Final ICAO Requirements for 30/30 must be available by January 2002 for inclusion in ATOP Build II system requirements.

· 30/30 Implementation Requirements. Acceptance of adequacy of 30/30 implementation requirements such as safety analysis, ground and aircraft capabilities, and contingency procedures.

· Operator Commitment to Aircraft Equipage.  Cost/benefits and safety analysis to advocate fleet advanced CNS equipage beyond current approximate 20% level.

· Revision of ICAO Regional Policy Documents.  Publication of 30 nm lateral and longitudinal standards in ICAO Asia and Pacific Regional Supplementary Procedures.

· Aircraft Equipage Mandate.  Long term plan to mandate aircraft equipage with advanced CNS capabilities must be developed.
5.1.2.3   RHSM will be implemented in phases, beginning with 50 nm lateral separation and proceeding to 50 nm longitudinal in Pacific airspace.  In NAT airspace, various time-based longitudinal separation standards below 10 minutes are being evaluated.  Later phases will include 30 nm lateral separation in the Pacific and NAT Regions, 30 nm longitudinal separation in the Pacific Region, and further reductions in time-based longitudinal separation in the NAT Region.  Other areas, such as the Gulf of Mexico, are also being considered for application of RHSM.

5.1.3   
In-Trail Climb/In-Trail Descent (ITC/ITD). The ITC/ITD initiative makes use of the Airborne Collision Avoidance System/Traffic Alert and Collision Avoidance System (ACAS/TCAS), air-to-air very high frequency (VHF) communications, and HF communications.  ITC/ITD procedures are modeled after a non-radar separation rule in the ICAO Procedures for Air Navigation Services Rules of the Air and Air Traffic Services, (PANS) RAC Doc 4444, Part III.  The enabling legislation for the operational trials of the ITC/ITD procedure is based on an interpretation of the existing ICAO documents, and has been agreed by ICAO.  Operational trials have been conducted in Oakland and Anchorage FIRs since 1994 by United and Delta airlines.  Data collected from pilot and controller reports, archived pilot/controller communications, and operational interviews for the September 1994 to March 1996 timeframe indicated that the procedure was safe and was found to be useful by pilots and controllers.  Based on this data, the next phase of operational trials began with six additional airlines - American, Air New Zealand, Canadian, Cathay Pacific, Hawaiian and Singapore Airlines.  The operational trials will assist in the development of new requirements for Broadcast Automatic Dependent Surveillance (ADS-B) enhancements to Cockpit Display of Traffic Information (CDTI) necessary for future airspace enhancements.

5.1.4
Dynamic Aircraft Route Planning (DARP). DARP provides for the capability to update/revise the route of flight while an aircraft or a group of aircraft is enroute.  DARP allows an operator to take advantage of a more efficient trajectory once a revised forecast is available to the Traffic Management Unit and a new track is published.  An aircraft may take advantage of this trajectory for the remainder of its route, thus saving time and fuel.  In the Pacific, dynamic routing has been implemented for ATS supplied single group reroutes in the South Pacific.  Consideration of DARP is underway for the North and Central Pacific, although high traffic density in that airspace may preclude its application.

5.1.5
User Preferred Routes (UPR).  UPR are the most economical routes based upon the airlines’ own data as opposed to ATC published routes. UPR trials between Sydney and Los Angeles were conducted on a limited basis during the summer of 2000.  These UPR Trial routes were planned to avoid significant weather and restricted airspace.  These trials revealed training and workload issues for airline dispatchers and the need for clean databases.  Additional UPR trials were conducted during the fall of 2000. The proposed savings would offset these issues. It may be possible for UPRs to replace DARP in the Pacific by the Mid-Term timeframe.   

5.1.6
Oceanic Free Flight.  Oceanic Free Flight, as defined in the Final Report of RTCA Task Force 3: Free Flight Implementation [5], is a concept that is currently being refined and explored.  It includes the use of user-preferred trajectory definitions (with little or no restrictions on changes to flight plans) to capture wind efficient tracks or flight profiles, 
The concept provides flexibility in horizontal and vertical dimensions, given a flight path free of conflict or with known resolvable conflicts.  Simulations will be conducted by the FAA to validate the overall oceanic free flight concept.  Research and concept exploration of free flight will be conducted during the next five years.

6.
IMPLEMENTATION STRATEGY

6.1
This section provides a high-level view of the strategy that the FAA is undertaking to implement oceanic airspace enhancements and separation reduction initiatives within the overall context of the Future ATM System Concept [2].  The overall strategy is designed to provide consistent benefits to airspace users utilizing an evolutionary approach that incorporates technology advances and lessons learned.  One of the important features incorporated into this evolutionary approach is the flexibility to refine the steps as more definitive understanding is gained through research, analysis and prototyping.  Maintaining this flexibility increases the challenges to the management process, thereby necessitating a thorough understanding of how and when to implement each initiative.  In response, the FAA, as part of their program management process, has identified activities, accountable organization(s), and resources needed to implement each initiative.  The Implementation Plan For Oceanic Airspace Enhancements and Separation Reductions [1] is frequently updated to ensure safety, mission need fulfillment, relative priority, and overall benefit.

6.2
As shown in Figure 6-1, the evolutionary stages of the implementation strategy consists of the Current State, Near-Term (2002), Mid-Term (2003-2006) and Far-Term (2007 and beyond).  The Current State provides an overview of the separation standards used in the current oceanic environment.  The Near-Term consists of those initiatives for which the FAA has completed research and development (R&D), conducted an assessment of requirements, initiated various planning and preparation activities, and is nearing operational implementation.  This stage consists of the initiatives documented in the Implementation Plan For Oceanic Airspace Enhancements and Separation Reductions [1].

The Mid-Term consists of initiatives in which initial R&D activities have been conducted with some requirements identified.  Further evaluation, coordination, and preparation are still needed prior to the FAA to committing to an exact implementation date.  These initiatives could be implemented between 2003 and 2006.  However, the initiatives (as well as in the Far-Term) may change in priority or existence depending on a number of variables.

The Far-Term consists of initiatives that are in the conceptual stage of their life cycle.  These concepts still require further R&D, simulation, and evaluation. 

6.3       As shown in Figure 6-1, as each intermediate step is implemented, the airspace structure evolves.  A detailed narrative of this figure follows.             












6.4        Near-Term (2002).  RVSM has been implemented in the NAT MNPS airspace and in the Pacific Region.  Aircraft approved for RVSM operations in one Region are considered to meet the equipment requirements to operate using 1000 feet vertical separation worldwide.  Experience gained and lessons learned from the RVSM implementation in the North Atlantic and Pacific Regions will help the FAA to plan reduced vertical separation in the WATRS airspace and ease crossing situations.  

6.4.1
Since most ocean bound flights will be equipped to meet the enabling capability requirements for 50 nm longitudinal separation, and the necessary controller tools will be available in the ground automation, a reduction in longitudinal separation will also be offered.

6.4.2
It is expected that the majority of the routes will remain fixed in the Near-Term.  However, separation standards will be reduced for some of these routes.  However, a step towards more flexible tracks is expected in the Near-Term. 

6.5
Mid-term (2003-2006).  During the Mid-Term timeframe, the FAA will utilize experience gained and lessons learned from the implementation of those initiatives identified in the Near-Term stage.  Experience gained and lessons learned from the RVSM implementation in the North Atlantic, Pacific and WATRS airspace will help the FAA to plan reduced vertical separation in the Gulf of Mexico (GOM) airspace and ease crossing situations.  The resultant increase in available altitudes could be used either to increase overall capacity or to allow more aircraft to climb to their optimal cruising level.  At the same time, experience gained from ITC/ITD in the Pacific region will enhance the FAA’s ability to deploy this initiative in the North Atlantic.

6.5.1
Coupled with advanced ground and aircraft automation capabilities, horizontal separation standards for some airspace will be further reduced to 30 nm lateral/30 nm longitudinal.

6.5.2
UPR requests will be granted to aircraft during the flight planning stage, if the demand for the airspace is manageable by ATC.  Reduced separation standards and UPRs will allow users to choose the most desirable flight profile.  Therefore, use of both flexible tracks and UPR are expected to increase during the Mid-Term timeframe. 

6.6
Far-Term (2007 and beyond).  The vision for the Far-Term stage is still evolving.  However, plans allow for UPRs to become more prevalent.

6.6.1
Advances in technology and the use of Global Navigation Satellite System (GNSS) for both oceanic and domestic airspace during the Far-Term timeframe will allow distance-based separation, rather than procedure-based separation.  As a result of these advances, horizontal separation standards of 15 nm lateral/15 nm longitudinal should be an attainable goal provided contingencies and emergencies can be addressed adequately.  The Airborne Collision Avoidance System  (ACAS), an airborne alert and advisory system that permits the aircrew to monitor/observe traffic in their immediate airspace and take appropriate action, will contribute towards the attainment of these reduced separation goals. 

6.6.2
Furthermore, a common position reference point and time source from GNSS, coupled with more collaboration between AOCs, air traffic flow management agencies, ATC, and adjacent FIRs (domestic as well as foreign) will enable the operator to file an end-to-end preferred flight profile and fly from one FIR to another FIR seamlessly.

7.
IMPLEMENTATION APPROACH OVERVIEW

7.1
The approach leading to the implementation of oceanic airspace enhancements and reduced separation initiatives includes a generic three-step process (Figure 7-1).


Figure 7-1.  Process to Change Separation Standards
7.2
Step 1: Assessment and Requirements:

· Identify the need to enhance operational efficiency, air traffic management, and airspace capacity; consider and identify benefits to be gained, potential costs to airspace users, and potential impact on air traffic operations

· Determine the need for rulemaking and/or other regulatory documentation, and hence the need for a formal Regulatory Economic Evaluation - or cost/benefit analysis

· Establish project lead, coordinating organization(s) and determine additional resources required (e.g., staff).

· Assess the operational impact of contingencies and environmental conditions, such as weather, volcanic ash, and equipment failures

· Establish an agreed safety measure to assess operational safety 

· Consider the agreed safety measure or metric to assess operational safety and interviews of operational judgment to establish aircraft requirements -- navigation system performance and equipage, and communications and surveillance equipment requirements.  Establish capabilities necessary in the ATC ground automation system

· Assess the performance and capabilities of the existing aircraft population

· Coordinate with domestic and international airspace users 
7.3
Step 2: Planning and Preparation:

· Develop/coordinate an amendment to ICAO Regional Supplementary Procedures and other ICAO documents which contains the criteria to implement operational enhancement/reduced separation standard

· Establish the State approval process for aircraft and operators

· Establish a United States Rulemaking Project if deemed necessary in Step 1

· Advocate United States position in appropriate bodies (e.g., ICAO technical panels, regional planning groups)

· Develop or revise FAA and ICAO documents that standardize operating policies and procedures

· Develop documents that provide for investigating and tracking significant operational errors and incidents

· Establish the process to assess operational safety

· Develop a verification trial plan that includes the technical and operational data necessary to gain confidence that requirements and methods used to implement new standards are effective 

· Develop an implementation schedule that supports international implementation schedule and includes:

· coordination with and notification to States and operators

· adequate time for aircraft and operators to be approved

· adequate time for air traffic service providers to complete necessary tasks such as airspace and route planning, revision of ATC policy and procedures and controller training

· Track aircraft fleet approval.

· Update flight operations documents (i.e., aircraft, operational specifications).

· Coordination with Flight Standards District Offices.

7.4
Once all necessary tasks are completed in Steps 1 and 2, Step 3, Operational Implementation, shall commence.  During the operational phase of implementation it will be necessary to ensure that the appropriate organizations and States:

· Track and investigate large navigational errors and identify means to prevent their reoccurrence 

· Review incidents that affect operational safety and take steps to mitigate re-occurrence 

· Assess aircraft population performance against the selected safety metric 

· Obtain feedback from operators and controllers on the safe and effective use of operational procedures
8.
Enabling Capabilities
Each oceanic airspace enhancement and separation reduction initiative can be characterized by the enabling capabilities that are necessary for its implementation.  The following sections present the enabling capabilities that have been identified, evaluated and coordinated or are near full definition for both aircraft and ground systems.  Since some initiatives identified in this document are in the initial evaluation stages, enabling capabilities may not have been fully determined, evaluated and coordinated.  Those initiatives (e.g., Oceanic Free Flight) whose enabling capabilities need complete definition, coordination, or agreement are not included in this section at this time.  This document will be updated and redistributed as enabling capabilities for those initiatives are defined.

8.1
RVSM.  ICAO completed RVSM feasibility studies in 1988 and Guidance Material was published in 1991.  In early 1994, the FAA published the Interim Guidance for RVSM, Approval of Aircraft and Operators [13].  The enabling capabilities for RVSM focus primarily on aircraft altimetry and include the following:

Table 8-1. RVSM
Minima/Procedure Benefits
Enabling Capabilities

             Ground System                                  Operator/Aircraft

RVSM 

(1000 feet vertical)


Increased airspace capacity 


Increased likelihood of optimum altitude profile


Increased flexibility of strategic and tactical control


Transition procedures  (RVSM airspace to non-RVSM airspace)

Redundant altitude measurement systems that meet the RVSM approval requirements


Altitude reporting transponder


Altitude alert system


Automatic altitude control system

It should be noted that it is also recommended that the ATS provider have a situation display.  This display serves as a measure toward mitigating problems associated with visual perception of other aircraft passing at adjacent flight levels.  A means to display aircraft equipage is recommended to assist the controller to identify approved versus non-approved aircraft in a mixed environment.

8.2 RHSM.  RHSM enabling capabilities for the ground system and aircraft have been 

considered and evaluated for four initiatives in the Pacific Region: 50 nm lateral, 50 nm longitudinal, 30 nm lateral, and 30 nm longitudinal.  Enabling capabilities for 50 nm lateral have been fully defined.  50 nm longitudinal procedural has been defined and 50 nm longitudinal using ADS is near completion, 30 nm lateral, and 30 nm longitudinal are near full definition, but still require further coordination or agreement.  Therefore, enabling capabilities for these initiatives may change over time.

8.2.1
50 nm Lateral in the Pacific.  50 nm lateral separation will be implemented procedurally, and navigational performance will be verified by State of Registry or State of Operator for Required Navigational Performance (RNP-10) capabilities, FAA Order 8400.12A, RNP-10 Operational Approval [14].  Enabling capabilities are based upon Proposal for Amendment of ICAO Regional Supplementary Procedures (Doc 7030) [15] and will include the following: 

Table 8-2.  50 nm Lateral in the Pacific
Minima/Procedure Benefits
Enabling Capabilities

           Ground System                                             Aircraft

50 nm lateral

Capacity increase*


Fuel efficiency


Reduced delays


Time savings


More balanced flex tracks

*At peak hours for some routes
· Existing Oceanic System

· Enhanced communications  may be needed is some areas (e.g., severe weather)



HF voice


Enhanced communications  may be needed in some areas (e.g., severe weather areas)


RNP-10 approval



It should be noted that aircraft without RNP-10 approval receive 100 nm lateral separation in the Pacific.

8.2.2
50 nm Longitudinal in the Pacific. Amendment of ICAO Regional Supplementary Procedures (Doc 7030) [15] indicates the following enabling capabilities for 50 nm longitudinal (Limited) and 50 nm longitudinal (Extended).  50 nm longitudinal in low-density areas will be implemented upon controller discretion as traffic density allows.  Though near full definition, it should be noted that the procedural is defined for 50 nm longitudinal and that 50 longitudinal nm using ADS is near completion.

Table 8-3.  50 nm Longitudinal in the Pacific (Limited)

Minima/Procedure Benefits
Enabling Capabilities

               Ground System                                         Aircraft

50 nm longitudinal (limited)


Increased opportunities for altitude changes to achieve optimum altitude profile


Resultant economy of operation



Direct controller-pilot voice or  data link communications

· 30 minute position reports

Direct controller-pilot voice or  data link communications


RNP-10 approval

Table 8-4.  50 nm Longitudinal in the Pacific (Extended)

Minima/Procedure Benefits
Enabling Capabilities

                  Ground System                                      Aircraft

50 nm longitudinal (extended)


Increased opportunities for altitude changes to achieve optimum altitude profile 


Resultant economy of operation



Direct controller-pilot voice or  data link communications


Automatic Dependent Surveillance (ADS) with distance verification at 30 minute intervals    

ADS distance verification controller tools



Direct controller-pilot voice or  data link communications


RNP-10 approval


ADS-A 

8.2.3
30 nm Lateral in the Pacific.  The following enabling capabilities resulted from Review of the General Concept of Separation Panel (RGCSP) Working Group A, CNS Requirements for the Introduction of 30 nm Lateral Separation in Oceanic and Remote Airspace [16].  However, it should be noted that the enabling capabilities for 30 nm lateral are still under evaluation and may change over time. 

Table 8-5.  30 nm Lateral in the Pacific
Minima/Procedure Benefits
Enabling Capabilities

           Ground System                                              Aircraft

30 nm lateral


Capacity increase*


Fuel efficiency


Reduced delays


Time savings


More balanced flex tracks


    Direct controller-pilot voice or  data link communications


ADS


ADS Conformance Monitoring/Conflict Detection



Direct controller-pilot voice or  data link communications


RNP-4 approval


ADS



*Benefit realization dependent on controller workload levels with automation sufficient to reduce flight strips, multiple controllers per sector operations, or increased number of sectors during peak traffic to meet demand without delays.

8.2.4
30 nm Longitudinal in the Pacific.  The following enabling capabilities resulted from Analysis of Collision Risk Associated with the Introduction of Reduced Longitudinal RNAV Distance-Based Separation Standards [17].  Though initial evaluations have been conducted, and enabling capabilities identified, it should be noted that the enabling capabilities for 30 nm longitudinal are still under evaluation and may change over time. 

Table 8-6.  30 nm Longitudinal in the Pacific
Minima/Procedure Benefits
                                                      Enabling Capabilities

                  Ground System                                     Aircraft

30 nm longitudinal

Increased opportunities for altitude changes to achieve optimum altitude profile 


Resultant economy of operation



Direct controller-pilot voice or  data link communications


ADS with automated distance verification 21 ½ minutes


ADS Conformance Monitoring/Conflict Detection



Direct controller-pilot voice or  controller-pilot data link communications


RNP-4 approval


ADS

8.3
ITC/ITD in the Pacific.  Full use of ITC/ITD will be implemented procedurally using HF communications.  The following enabling capabilities resulted from the Draft Report of the Sixth through Tenth Meeting on ISPACG [18].

Table 8-7.  ITC/ITD in the Pacific
Minima/Procedure
Enabling Capabilities

            Ground System                                             Aircraft

ITC/ITD


Increased opportunities for altitude changes to achieve optimum altitude profile 


Resultant economy of operation



No automation requirements



ACAS/TCAS which meets minimum adequacy requirements


Air to Air VHF Communication


HF Communication

In addition to the enabling capabilities listed above, flight crew training is also necessary.

8.4
DARP in the South Pacific. The following enabling capabilities resulted from the Draft Report of the Sixth through Tenth Meeting on ISPACG [18].

Table 8-8.  DARP in the South Pacific
Minima/Procedure Benefits
                                                Enabling Capabilities

                 Ground System                                                   Aircraft

DARP

Fuel efficiency savings


Travel time savings



Controller-pilot data link communications


Timely weather forecast updates


ATS Interfacility Data Communications (AIDC)


Track generation

Controller-pilot data link communications


Flight Management System (FMS) Auto load


FANS-1 or equivalent

RNP-10 or RNP-4 approval is also considered an enabling capability for the aircraft and is dependent on the standard applied at the time of use.  It should be noted that AOC, controller, and flight crew training is necessary.

9.
INTERNATIONAL AND INDUSTRY COORDINATION

9.1
The coordination of separation reductions involves other ATS providers, governments, ICAO, U.S. and international trade/labor organizations, U.S. and foreign standardization organizations, and U.S. and foreign regulatory agencies.

9.2
International coordination typically involves extensive discussions over long periods of time because of the complex interrelationships of the cognizant organizations, agencies, and governments. 

9.2.1
An overview of the ICAO divisions providing oversight of the separation reductions mentioned in this plan is presented in Figure 9-1.  As can be seen from this figure, one of the primary duties of the Council is to adopt SARPS and incorporate these as Annexes to the Convention to achieve international uniformity/standardization and improve air safety, efficiency and regularity.  For example, the RNP concept was approved by the ICAO Council and was assigned to the Review of the General Concept of Separation Panel (RGCSP) for further  deliberations.  The RGCSP developed the concept further and documented the results in the Manual on Required Navigation Performance (RNP), ICAO Doc 9613-AN/937 [19].

9.2.2
The seven ICAO Regional Offices develop and implement regional aviation initiatives.  For example, the RVSM initiative has been coordinated extensively via the North Atlantic Systems Planning Group (NAT SPG).
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                                                  Figure 9.1
.  ICAO at a Glance
9.2.3
The FAA fulfills U.S. goals and objectives and advances its own regulatory and technical objectives through its work with ICAO.  Almost every FAA line of business participates directly in the ICAO process.  In general, initiatives for North Atlantic airspace are coordinated through NAT SPG; initiatives for Pacific airspace are coordinated through the APANPIRG.

9.3
The FAA works closely with airspace users.  Initiatives in this plan have been presented to and discussed with airspace users in forums such as Users’ Conferences, Air Traffic Control Association (ATCA) meetings, Communications/Surveillance Operational Implementation Team (C/SOIT) and RTCA Special Committees.  Airspace users are also actively involved in bi-lateral and multi-lateral informal groups such as IPACG and ISPACG.

9.4
The FAA works closely with military airspace users through the forums described above.  In addition, the FAA has worked with the Department of Defense (DoD) regarding retrofit of their aircraft to meet the requirements enabling them to operate in exclusive airspace requiring enhanced equipage and to benefit from planned reductions to separation minima.  As part of the implementation process to support the Strategic Plan, the FAA coordinates all necessary documentation through the U.S. Interagency Group on International Aviation (IGIA).

10.
FAA REGULATIONS FOR REDUCED SEPARATION

10.1
The FAA developed a regulatory package in the form of (NPRM) for Part 91.706 entitled RVSM in Oceanic Airspace.

10.2
It was agreed that a formal rule would not be necessary until RNP-10 was required in all dense Pacific airspace. 

10.3
The FAA will establish changes to the Code of Federal Regulations for full implementation (i.e., mandated equipment carriage) for all other appropriate implementation programs.

11.
MOVING TOWARD THE FUTURE OCEANIC ENVIRONMENT

11.1
The overall strategy undertaken by the FAA to implement oceanic airspace enhancements and separation reduction initiatives within the overall context of the Future ATM System Concept [2] is designed to provide airspace capabilities and user benefits in progressive steps/stages.  The initiatives in each stage will be fully evaluated, as part of the FAA implementation approach, to ensure safety, mission need fulfillment, relative priority to other initiatives, and overall benefits.

11.2
In this document, the FAA has identified several Near-Term initiatives, which include:

· RHSM: Pacific 50 nm longitudinal 

· RHSM: NAT 

· RVSM:  WATRS

These initiatives have been evaluated and the FAA is fully committed to the implementation of the initiatives during 2001
.  FAA resources have been committed to the implementation of these programs.

11.3
The Mid-Term and Far-Term stages of the strategy consist of initiatives that are currently being explored and evaluated to ensure that they mitigate the limitations and difficulties associated with the current system and move the aviation community towards the future ATM concept that includes flexible routes, improved collaboration, and user preferred routes. 

11.4
Exploration and evaluation by the FAA of these initiatives include such activities as prototyping and simulation, cost/benefit analyses, alternatives analyses, operations and performance assessments, safety assessments, and other R&D and concept exploration activities.  In addition, the FAA is examining other airspace concepts not included in this document to determine if they provide greater benefits to the aviation community.

11.5
It is intended that the FAA will update this document as initiatives are implemented, operations change, or as a more definitive understanding is gained through the results of the concept exploration and R&D activities being conducted associated with the Mid-Term and Far-Term initiatives. 
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                     Figure 6-1.  Road Map to Implementation of Oceanic Enhancements/Initiatives











� Singapore December 2000 average





�PAGE \# "'Page: '#'�'"  �� Should we revise these dates?


�PAGE \# "'Page: '#'�'"  �� I think the definition of MNPS was changed a few years ago to be FL285-415.  Robbie (or Roger Kiely) should be able to confirm.


�PAGE \# "'Page: '#'�'"  �� Not sure what this means…  “meet” certification standards?


�PAGE \# "'Page: '#'�'"  �� Not sure if this is what you’re trying to say, but something was missing as written.


�PAGE \# "'Page: '#'�'"  �� I revised the groups under APANPIRG.  IPACG and ISPACG have NO formal ICAO status.  The APANPIRG subgroups are ATS/AIS/SAR, COM/MET/NAV/SURV, and CNS/ATM Implemention Coordination (IC)


�PAGE \# "'Page: '#'�'"  �� Dates??





vi
STRATEGIC_PLAN.DOC

V01-2002 v.1.0


_1027762091.doc



_1054449492.doc


Future Oceanic







ATM







System Concept







   New Oceanic







Initiatives/Enhancements







Generates







•







Ground Automation







•







Operational Procedures







•







Separation and Airspace







Enhancements







•







Traffic Flow Management







•







Collaborative Decision-Making












_1054746645.doc


The







Secretariat







The







Council







Regional







Offices







Air Navigation







Commission







APANPIRG







NATSPG/







IMG







Five







Other







Regions







The







Assembly







Panels







ATS/AIS/



SAR/SG







CNS/ATM IC SG







CADAG







SASP







ATNP







OPLINKP







GNSSP







Other Panels







STATES







NAT EUR







ASIA PAC







RSSIG







ATMG







Math







•







Separation







•







Procedures







•







Technology







•







Standards







CNS/MET/ SG












_1027762090.doc
�



U.S. Department







of Transportation







Federal Aviation







Administration
















