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SUMMARY

The Air Traffic Management Operational Concept Panel (ATMCP) was
created by the ICAO Air Navigation Commission to develop and describe, in
sufficient clarity and detail, a gate-to-gate air traffic management (ATM)
operational concept, that would facilitate the evolutionary implementation of
an integrated ATM system. The version of the operational concept attached to
this working paper was developed by the ATMCP and presented at ATMCP/1
(18 to 28 March 2002). Following this, the concept was circulated to States
and international organizations for review and to provide comments for
improvement. The ATMCP then reviewed the comments and updated the
operational concept in line with the Commission’s instructions. The
Commission decided that the operational concept should be presented for
assessment to the Eleventh Air Navigation Conference (AN-Conf/11), which
isto be held in Montreal from 22 September to 3 October 2003.

Action by the APANPIRG isin paragraph 3.

1. INTRODUCTION

11 In follow-up to the Tenth Air Navigation Conference (Montreal, 5 to 20 September
1991), ICAO, at the globa level, States, international organizations, and al ICAO planning and
implementation regional groups (PIRGs) embarked on communications, navigation, surveillance/air
traffic management (CNS/ATM) planning and implementation programmes intended to improve aviation
operations by making use of CNS/ATM technologies. However, it was recognized that technology was
not an end in itself, and that a comprehensive concept of an integrated and global ATM system, based on
clearly-established requirements, was needed. This concept, in turn, would form the basis for the
coordinated implementation of CNS/ATM technologies.
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12 To develop an ATM operational concept, the ICAO Air Navigation Commission, on
12 March 1998, agreed to the establishment of the Air Traffic Management Operational Concept Panel
(ATMCP) to undertake specific studies with a view to developing Standards and Recommended Practices
(SARPs), procedures and, where appropriate, suitable guidance material necessary for the evolutionary
implementation of an integrated air traffic management system.

13 The ATMCP was established with a primary work programme element of developing and
describing, in sufficient clarity and detail, a gate-to-gate ATM operational concept that would facilitate
the evolutionary implementation of a seamless, global ATM system. The work programme also required
that the ATM operational concept:

a) bevisionary in scope;
b) not belimited by the present level of technology;
c) leadto realization of all the benefits expected from CNS/ATM systems; and

d) provide the basis for cost-benefit analyses associated with the introduction of ATM
systems.

14 The operational concept contained in the Appendix addresses the critical element of the
work programme described above. The operational concept presents the results of progress achieved by
the ATMCP toward development of avision of an integrated, harmonized and interoperable ATM system.
This vision, presented in the form of an operational concept, was presented to the Commission in follow-
up of the first meeting of the ATMCP (18 to 28 March 2002). After the Commission’s review, the
operational concept was circulated to States and international organizations for assessment and to make
recommendations for improvement.

15 The comments received from States and international organizations were reviewed by the
ATMCP in accordance with the instructions of the Commission. This led to several changes. The
Commission then reviewed the revised operational concept and the way in which the ATMCP acted on
each of the comments and agreed that the concept should be presented to the Conference for assessment.
The Commission agreed to take further action on the ATM operational concept on the basis of the results
of the Conference.

2. THE GLOBAL ATM OPERATIONAL CONCEPT
I ntroduction
2.1 Early in itswork, the ATMCP recalled Article 1 to the Convention on International Civil

Aviation dealing with sovereignty. In this context, the operational concept clearly states that global
implementation of a seamless ATM system through the provision of CNS/ATM facilities and services
shall neither infringe nor impose restrictions upon States' sovereignty, authority or responsibility in the
control of air navigation. Therefore, even though the operational concept envisages airspace that is
organized globally, it acknowledges sovereignty.
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2.2 The planning horizon used for development of the operational concept is up to and
beyond the year 2025. The baseline against which the significance of the changes proposed in the
operational concept may be measured is the global ATM environment in the year 2000.

2.3 In progressing its work, the ATMCP was unanimous that safety must continue to be the
highest priority in planning and implementation of the future ATM system and the role of the ATM
system in enhancing safety must be fully realized. At the same time, the ATMCP agreed that recognition
of the ATM community’s expectations of the future ATM system would be fundamental to the
acceptance of the operational concept.

24 While the operational concept is considered visionary, many of the current practices and
processes will continue to exist through the planning horizon. In this sense, the operational concept
document should be seen as evolutionary. Therefore, nothing precludes immediate movement toward
implementation of parts of the concept where thisis appropriate.

25 The operational concept was developed, to the greatest extent possible, in a technology-
independent manner. This was done on the basis that within a planning horizon of more than twenty
years, much of the technology that exists or isin development today may change or cease to exist.

2.6 Emerging technologies are capable of expanding the possibilities for more efficient and
environmentally sustainable flight operations by supporting a variety of system designs and
implementation options and configurations. The operational concept recognizes that technology alone is
not a solution unto itself. The implementations of the various CNS/ATM technologies must be based on
well-devel oped plans that take into account the specific requirements and objectives of ATM.

Scope of the operational concept

2.7 An operational concept is a statement of “what” is envisaged. It asks and answers the question of
what outcomes are required in the case of the ATM system of the future. It isavision statement. It isnot a
technical manual or blueprint nor does it detail “how” the concept elements will be enabled; that liesin a
lower document in the hierarchical structure, which may include concepts of operation or use, technical
standards and strategic plans.

2.8 The operational concept describes the services that will be required to operate the global
air traffic system up to and beyond 2025. It addresses what is needed to increase user flexibility and
maximize operating efficiencies in order to increase system capacity and improve safety levels in the
future ATM system.

Scalability and adaptability

2.9 In many areas, simple solutions based on regional harmonization or cooperation across
homogeneous areas may provide satisfactory short- or medium-term responses to the requirements of this
operational concept, whilein other areas, sophisticated ATM systems may be required.

Expected changes

2.10 The operational concept outlines a range of conceptual changes that will evolve through
the planning horizon. Key to the philosophy adopted within the operational concept is the notion of global
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information utilization, management and interchange. This is seen as the enabler of significant change in
the roles of all participants within the ATM system which should then facilitate enhancements in safety,
economy and efficiency across the ATM system. It is envisaged that this goal will be supported by
evolution to a holistic, cooperative and collaborative decision-making environment, where the
expectations of the members of the ATM community will be balanced to achieve the best outcome and in
line with the ATM community’ s expectation of “equity and access”.

211 The ATM environment is driven by safety and increasingly by commercial or personal
outcome expectations. While there are standards in place for global interoperability, many States’ systems
have evolved within a standards framework that sustains only their individual requirements; however,
they now struggle or fail to meet the ever-growing user expectations of global harmonization and
interoperability. These limitations are outlined in the operational concept.

Benefits

212 The ATM operational concept seeks to bring benefits to the international civil aviation
community. From an airspace user perspective, greater equity in airspace access, greater access to timely
and meaningful information for decision support and more autonomy in decision-making including
conflict management, will provide the opportunity to better deliver business and persona outcomes,
within an appropriate safety framework. In particular, system harmonization and integration will provide
high levels of assurance of predictability to airline operators and their customers.

213 From a service provider perspective, including that of airport operators, the ability to
operate within an information-rich environment, with real-time data, as well as system trend and
predictive data, fused with a range of automated decision-support or decision-making tools, will enable
optimization of services to airspace users.

2.14 From a regulator perspective, safety systems are envisaged to be robust and open,
allowing safety not only to be more easily measured and monitored, but also compared and integrated on
aglobal basis.

Concept components

2.15 This operational concept defines seven “concept components’. These can be seen as
building blocks, or services, that are integrated to form the ATM system. They are: airspace organization
and management, aerodrome operations, demand and capacity balancing, traffic synchronization, conflict
management, airspace user operations, and ATM service delivery management. The “glue” that binds
these components together is the management, utilization and transmission of data and information,
generically referred to in the operational concept as information management. These seven components
should be seen as being integrated into one system, and not as independent elements.

Common themes and guiding principles

2.16 The ATM system is based on the provision of services. This service-based framework
considers all resources, inter alia, airspace, aerodromes, aircraft, humans, etc. to be part of the ATM
system. The primary functions of the ATM system will enable flight from/to an aerodrome into airspace,
safely separated from hazards, within capacity limits, making optimum use of all system resources. The
description of the concept components is based on realistic expectations of human capabilities and ATM
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infrastructure at any particular time in the evolution to the ATM system described by this operational
concept and is independent of reference to any specific technology.

Pace of change

217 The operational concept describes the components and, in general terms, their
interdependencies, in a global sense. However, the concept also recognizes that reaching the “end-state”
cannot be achieved by revolution — rather, it will be an evolutionary process, with the ultimate goal of
globa harmonization not later than the concept horizon of 2025. This alows States and regions to plan
the significant investments that will need to be made, and the time frame for those investments, in a
collaborative decision-making environment, and within a framework of safety and business case.
Differing regional expectations

2.18 The expectations enunciated within any one particular region will be different to an
adjacent or distant region, in the initial stages of evolution to the ATM system described in this
operational concept. The concept allows that different emphasis can be placed on the various concept
components to derive identified operational benefits. However, any such emphasis must still recognize
that each component is a standard and a uniformly understood “building block”, that facilitates the
movement of aircraft through regions with little or no change to equipment or procedures. Ultimately, the
goal isto achieve global harmonization and interoperability.

Regional coordination

2.19 Recognizing that not all States or regions can be expected to immediately implement the
ATM system described in this concept, the operational concept contains details on an expected planning
and evolutionary process within the ICAO framework.

2.20 The implementation of the concept is provided for by strategic plans, inter aia, the
Glaobal Air Navigation Plan for CNSATM Systems (Global Plan, Doc 9750), regional plans and State
implementation plans, which also describe the progressive intermediate steps toward that goal. The plans
of all States need to be aligned to ensure, to the greatest extent possible, that solutions are internationally
harmonized and integrated and do not unnecessarily impose multiple reguirements for equipment carriage
inthe air or for aproliferation of ground equipment requirements.

Future work

221 The operational concept provides the vision to achieve an interoperable air traffic
management system. The development and eventual implementation of such a system requires a
multitude of design, specification, planning and assessment activities. This process began with the
conception of an operational concept and should progress through the various levels.  As part of its future

work, there are plans to develop transition strategies and ATM requirements which will lead to
development of SARPs and Procedures for Air Navigation Services (PANS) as well as changes to the
Globa Plan. Regional air navigation plans will also be amended to reflect the changing requirements for
facilities and services as these are agreed to. This body of work will guide development and
implementation of the global ATM system.
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2.22 The operational concept and the future work toward implementation of a system based on
the concept must have a strong performance orientation in order to ensure that expectations are being met
and that, as systems are increasingly integrated and new operational procedures are introduced, the system
will continue to achieve agreed levels of safety. Therefore, the operational concept addresses ATM
system performance and safety management. Further work on measuring performance must therefore be
undertaken. Thisis addressed under Agenda Item 3 of the Conference.

Conclusion

2.23 The operational concept provides a vision that will allow States and regions to align their
planning processes, alow system solution engineering to be directed toward a harmonized and
interoperable outcome, allow airspace users and service providers to share data and information to best
mutual outcome, and enhance levels of safety, economy and efficiency, for the good of all members of the
ATM community.

3. ACTION BY APANPIRG

31 The meeting isinvited to note, in the Appendix to this paper, the global ATM operational
concept which will be presented to AN-Conf/11 for its review and assessment.
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APPENDIX

ATM OPERATIONAL CONCEPT DOCUMENT

FOREWORD

Theair transport industry playsamajor rolein world economic activity and remains one of
thefastest growing sectors of theworld economy. In every region of theworld, States depend on the aviation
industry to maintain or stimulate economic growth and to assist in the provision of essential servicesto local
communities. Inthislight, civil aviation can be seen asasignificant contributor to the overall well-being and
economic vitality of individual nations as well as to the world in general. Because of the continued growth
in civil aviation, in many places, demand often exceeds the available capacity of the air navigation system
to accommodate air traffic, resulting in significant negative conseguences not only to the aviation industry,
but also to general economic health. One of the keysto maintaining the vitality of civil aviation isto ensure
that asafe, secure, efficient, and environmentally sustainable air navigation systemisavailable, at theglobal,
regional and national levels. Thisrequirestheimplementation of anair traffic management systemthat allows
maximum use to be made of enhanced capabilities provided by technical advances.

Inthe 1980’ s, thel CA O Council considered the steady growth of international civil aviation,
taking into account the emerging technologies, and determined that a thorough assessment and analysis of
procedures and technologies serving civil aviation wasin order. It was generally recognized at the time that
the existing approach to the provision of air traffic services (ATS) and the air navigation system waslimiting
continued aviation growth and constraining improvements in safety, efficiency and regularity. In 1983, the
ICAQO Council established the Special Committee on Future Air Navigation Systems (FANS) to develop
recommendationsfor the future development of air navigation for civil aviation over aperiod of the order of
twenty-fiveyears. In 1991, asecond FANS Committee was established to monitor and coordinate transition
planning for the future air navigation system. In September 1991, the Tenth Air Navigation Conference
endorsed the FANS Concept. After acceptance by the ICAO Council, it came to be known as
“communications, navigation, and surveillance/air traffic management (CNS/ATM) systems.”

In order to progressimplementation of CNS/ATM systems, aplan of action wasneeded. The
first such effort was the Global Co-ordinated Plan for Transition to ICAO CNSATM Systems (Global Co-
ordinated Plan). In 1996, the ICAO Council determined that CNS/ATM systems had matured and a more
concrete plan was needed which would include all developments and possible technical solutions, while
putting the focus on regional implementation. In light of this, ICAO revised the Global Coordinated Plan as
a “dynamic” document, comprising technical, operational, economic, environmental, financial, legal and
ingtitutional elements, also offering practical guidance and adviceto regional planning groups and States on
implementation and funding strategies. Hence, the revised document, now known as the Global Air
Navigation Plan for CNSATM Systems (Global Plan, Doc 9750) was devel oped as a strategic document to
guide the implementation of CNS/ATM systems.

Foreword
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In the intervening years since the FANS Committees completed their work, several States
and al ICAOQO regions embarked on ATM implementation programmes intended to improve aviation
operations by making use of CNS/ATM technologies. However, it was later recognized that technology was
not an end in itself, and that a comprehensive concept of an integrated and global ATM system, based on
clearly-established operational requirements, was needed. Thisconcept, in turn, would form the basisfor the
coordinated implementation of CNS/ATM technologies based on clearly-established requirements. To
develop the concept, the ICAO Air Navigation Commission established the Air Traffic Management
Operational Concept Panel (ATMCP).

The operational concept contained herein, is intended to guide the implementation of
CNS/ATM technology by providing a description of how the emerging and future ATM system should
operate. This, inturn, will assist theaviation community to transition fromtheair traffic control environment
of the 20th century to the integrated and collaborative air traffic management system needed to meet
aviation’ sneedsinthe 21st century. Thiseffort should be seen asthe next step in an evolutionary processthat
began with the FANS Concept — the goal being an integrated, global ATM system. This document presents
the operational concept that is intended to meet the needs of the ATM community (Appendix A providesa
description of the ATM community) into the foreseeable future. Explanation of terms used specifically for
describing the operational concept have been placed in Appendix B.

Foreword
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Chapter 1

GENERAL

1.1 ATM operational concept

111 Theglobal air traffic management (ATM) operational concept presentsthe |ICAO visionfor
anintegrated, harmonized and globally interoperable, ATM system. The planning horizonisupto and beyond
theyear 2025. The baseline against which the significance of the changes proposed in the operational concept
may be measured isthe global ATM environment in the year 2000.

Vision Statement

To achieve an interoperable global air traffic management system for all users during all
phases of flight that meets agreed to levels of safety, provides for optimum economic
operations, is environmentally sustainable, and meets national security requirements.

112 While the operational concept is visionary and even challenging, many of the current
practices and processes will continue to exist through the planning horizon. In this sense, the operational
concept document should be seen as evolutionary.

113 A key point to note is that the operational concept, to the greatest extent possible, is
independent of technology; that is, it recognizes that within a planning horizon of more than twenty years,
much of thetechnology that exists or isin development today may change or ceaseto exist. Thisoperational
concept has therefore been devel oped to stand the test of time.

Air Traffic Management

Air traffic management isthe dynamic, integrated management of air traffic and airspace—
safely, economically, and efficiently — through the provision of facilities and seamless
servicesin collaboration with all parties.

1.2 Operational concept and the ATM system

121 An operational concept is a statement of “what” is envisaged. It asks and answers the
guestion of what outcomes are required in the case of the ATM system of the future. It isavision statement.
Itisnot atechnical manual or blueprint, nor doesit detail “how” things will be enabled; that liesin alower
document in the hierarchy, which may include concepts of operation or use, technical standardsand strategic
plans.

Chapter 1
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122 The ATM system is a system that provides ATM through the collaborative integration of
humans, information, technology, facilities and services, supported by air, ground and/or space-based
communications, navigation and surveillance.

1.3 Scope of the concept

131 Thisoperational conceptisadescription of themannerinwhichthe ATM systemwill deliver
services and benefits to airspace users by the year 2025. The operational concept details how ATM will act
directly on the flight trajectory of a manned or unmanned vehicle during all phases of flight and the
interaction of that flight trajectory with any hazard.

Scope

Thisair traffic management operational concept describesthe servicesthat will berequired
to operate the global air traffic system up to and beyond 2025. The operational concept
addresseswhat isneeded to increase user flexibility and maximize operating efficienciesin
order to increase system capacity and improve safety levels in the future air traffic
management system.

1.4 Guiding principles

141 The ATM system is based on the provision of services. This service-based framework
considersall resources, inter alia, airspace, aerodromes, aircraft, humans, etc. to be part of the ATM system.
The primary functions of the ATM system will enable flight from/to an aerodrome into airspace, safely
separated from hazards, within capacity limits, making optimum use of all system resources. The description
of the concept componentsis based on realistic expectations of human capabilitiesand ATM infrastructure
a any particular time in the evolution to the ATM system described by this operational concept, and is
independent of reference to any specific technology. Based on these considerations the elements are
predicated on these guiding principles:

Guiding Principles

Safety. The attainment of asafe systemisthe highest priority in air traffic management and,
a comprehensive process for safety management is implemented that enables the ATM
community to achieve efficient and effective outcomes.

Human. The human will play an essential — and where necessary, central — role in the
global ATM system. The human is responsible for managing the system, monitoring its
performance, and intervening, when necessary, to ensure the desired system outcome. Due
consideration of human factors must be given in al aspects of the system.

Chapter 1
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Technology. The ATM operational concept addressesthefunctionsneeded for ATM without
referenceto any specifictechnology andisopen to new technology. Surveillance, navigation
and communication systems, and advanced information management technol ogy, are used
to functionally combine the ground-based and airborne system elements into a fully
integrated, interoperable, and robust ATM system. This allows flexibility across regions,
homogeneous areas or magjor traffic flows to meet the requirements of the concept.

Information. The ATM community will depend extensively on the provision of timely,
relevant, accurate, accredited and quality-assured information to collaborate and to make
informed decisions. When shared on a system-wide basis, information will allow the ATM
community to conduct its business and operations in a safe and efficient manner.

Collaboration. The ATM system is characterised by strategic and tactical collaboration in
which the appropriate members of the ATM community participate in the definition of the
types and levels of service. Equally important, the ATM community collaborates to
maximize system efficiency by sharing information leading to dynamic and flexible
decision-making.

Continuity. The realization of the concept requires contingency measures to provide
maximum continuity of service in the face of magjor outages, natural disasters, civil unrest,
security threats, or other unusual circumstances.

15 Driversfor change

151 The ATM environment, like so many other environments today, is driven by safety and
increasingly by commercial or personal outcome expectations. While there are standardsin place for global
interoperability, many States' systems have evolved within a standards framework to levelsthat are able to
sustain their individua requirements; however, they now struggle or fail to meet the ever-growing user
expectations of global harmonization and interoperability. Thereisno doubt that the ATM system of theyear
2000 had many limitations, and these are outlined in Appendix C.

152 In the year 2000, arange of factors, including cogt, efficiency, safety and national interest,
drove change in the ATM system. Now, however, the driver for change must be ATM user expectations,
withinaframework of safety case, cost/benefit analysisand business case. The operational concept identifies
arange of user expectations; however, it is recognized that within the planning horizon, the set of solutions
to provide expected benefits may change, and thiswill beidentified and implemented through the safety and
business case process.

153 The ATM community’s expectations should guide the development of the future ATM
system. The ATM operational concept will guide theimplementation of specific ATM technology solutions.
It iscrucial that the evolution to the global ATM system be driven by the need to meet the expectations of
the ATM community and enabled by the appropriate technologies. These expectations are further described
in Appendix D.

Chapter 1
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1.6 Expected benefits

16.1 This ATM operational concept seeks to derive benefits for all members of the ATM
community.
16.2 From an airspace user perspective, greater equity in airspace access, greater accesstotimely

and meaningful information for decision support and more autonomy in decision-making including conflict
management, will provide the opportunity to better deliver business and individual outcomes, within an
appropriate safety framework.

16.3 From aservice provider perspective, including that of airport operatorsthe ability to operate
withinaninformation-rich environment, withreal-timedata, aswell assystemtrend and predictivedata, fused
with arange of automated decision-support or decision-making tools, will enable optimization of services
to airspace users.

164 From aregulator perspective, safety systems will be robust and open, alowing safety not
only to be more easily measured and monitored, but also compared and integrated on aglobal basis not for
its own sake, but as a platform for continuous improvement.

165 These expected benefits are described in Appendix E.

1.7 ATM system performance

171 Members of the ATM community will have differing performance demands of the system.
All will have either an explicit, or implicit expectation of safety; although in the year 2000, thiswas difficult
tomeasureand/or assure. Somewill have explicit economic expectations, othersefficiency and predictability.
For optimum system performance, each of these someti mes competing expectationswill need to be balanced.
Furthermore, explicit saf ety outcomeswill need to bemet and demonstrated. The operational concept outlines
atotal system performance framework, including asystem safety approach whichwill support both the“end-
state” concept, and the various evolutions to that “end-state.” A more detailed description of ATM system
performance is located in Appendix F.

1.8 Concept components

181 Thisoperational concept definesseven interdependent concept componentsthat areintegrated
to form the future ATM system. They comprise Airspace Organization and Management, Aerodrome
Operations, Demand and Capacity Balancing, Traffic Synchronization, Conflict Management, Airspace User
Operations, and ATM Service Delivery Management. The ordering of these componentsimpliesno priority.
The management, utilization and transmission of dataand information are vital to the proper functioning of
these components. Detailed explanations of these concept components are described in Chapter 2.

Chapter 1
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1.9 Significant changes

191 This operational concept outlinesarange of conceptual changesthat will evolvethrough the
planning horizon. Key to the philosophy adopted within the operational concept is the notion of global
information utilization, management and interchange and with that, an enabling, in an evolutionary way, of
significant changein theroles of all participants within the ATM system, thereby facilitating enhancements
in safety, economy and efficiency acrossthe system. This philosophy is supported in large part by evolution
to aholistic, cooperative and collaborative decision-making environment, where the diverging expectations
and interests of all members of the ATM community are balanced to achieve equity and access.

192 Air Traffic Management (ATM) considersthe trgjectory of amanned or unmanned vehicle
during all phases of flight and manages the interaction of that trajectory with other trajectories or hazardsto
achieve the optimum system outcome, with minimal deviation from the user-requested flight trgjectory,
whenever possible.

1.10 Evolution tothe operational concept

1.10.1 The operationa concept describes the components, and in genera terms, their
interdependencies, in a global sense. However, the concept also recognizes that reaching the “end-state”
cannot be achieved by revolution; rather, it will be an evolutionary process, with an ultimate goal of global
harmonization not | ater than the concept horizon of 2025. Thisallows States, regionsand homogeneousareas
to plan the significant investments that will need to be made, and the timeframe for those investments, in a
collaborative decision-making environment within a framework of safety and business case. The ATM
operational concept also provides the basis from which the ATM operational requirements, objectives and
benefitswill be derived, thereby providing the foundation for the devel opment of regional and national ATM
implementation plans. This evolution is described in more detail in Appendix G and the planning processis
described in more detail in Appendix H.

1.11 Scalability and adaptability

1111 Theoperational concept isadaptabl eto theoperational environment of all Statesand regions,
and is scalable to meet their specific needs. This recognizesthe fact that while there are urgent requirements
toimplement ATM changesto meet arange of needs, inter alia, the growing traffic demandsin certain areas,
or alack of infrastructure in other areas, the appropriate solutions may differ.

1112 In many areas, simple solutions based on regional harmonization or cooperation across

homogeneous areas may provide satisfactory short or medium term responses to the requirements of this
concept document, while in other areas, sophisticated ATM systems may be required.
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1.12 Different regional expectations

1121 The expectations enunciated within any one particul ar region will be different to an adjacent
or distant region, intheinitial stages of evolution to the ATM system described in this operational concept.
The concept alows that different emphasis can be placed on the various concept components to derive
identified operational benefits. However, any such emphasis must still recognize that each component is a
standard and uniformly understood “ building block”, that facilitatesthemovement of aircraft through regions
with little or no change to equipment or procedures. Ultimately, the goal isto achieve global harmonization
and interoperability.

1.13 Regional coordination

1131 Recognizing that not al States or regions can move immediately to the ATM system
described in this concept, the operational concept contains details on an expected planning and evolutionary
process, within the ICAO framework.

1.13.2 Theimplementation of the concept is provided for by strategic plans, inter alia, the Global
Air Navigation Plan for CNS/ATM Systems, regional plans and state implementation plans, which also
describe the progressive intermediate steps toward that goal. The plans of all States need to be aligned to
ensure, to the greatest extent possible, that solutions are internationally harmonized and integrated, and do
not unnecessarily impose multiple equipment carriage requirements in the air components of the ATM
system, or multiple systems on the ground.

1.14 Scenario development
1141 To better understand the interactions of the ATM components in the future, it is necessary

to provide some illustrative examples on how the ATM components may be applied consistent with the
concept. One particular interpretation has been developed and can be found in Appendix I.
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Chapter 2

ATM OPERATIONAL CONCEPT COMPONENTS

2.1 Introductiontothe ATM concept components

211 The ATM system will be based on the provision of integrated services. However, to better
describe how these services will be delivered, seven concept components, together with their expected key
conceptual changes, arefirst described in capsule form and further elaborated upon in Sections2.2t02.8in
this chapter. In addition to the seven concept components, Section 2.9 on information services describes the
exchange and management of information used by the different processes and services. The ATM system
needs to be disaggregated to understand the sometimes compl ex interrel ationshi ps between its components.
The ATM system cannot, however, function without any of its components which must be integrated. The
separate componentsform one system. Figure 2-1 depictstheinterrel ationship of the system componentsand
the convergence into a single system.

2.1.2 Airspace organization and management
2121 Airspaceorganizationwill establish airspace structuresin order to accommodatethedifferent
types of air activity, volume of traffic, and differing levels of service. Airspace management is the process
by which the airspace options are selected and applied to meet the needs of the ATM community. Key
conceptual changes:
a) all airspace will be the concern of ATM and will be a useable resource;

b) airspace management will be dynamic and flexible;

c) any restriction on the use of any particular volume of airspace will be considered
transitory; and

d) al airspacewill be managed flexibly. Airspace boundarieswill be adjusted to particular
traffic flows and should not be constrained by national or facility boundaries.
2.1.3 Aerodrome operations
2131 As an integral part of the ATM system, the aerodrome must provide the needed ground
infrastructureincluding, inter alia, lighting, taxiways, runway and runway exits, precise surface guidanceto
improve saf ety and to maximize aerodrome capacity in all weather conditions. The ATM system will enable
the efficient use of the capacity of the aerodrome airside infrastructure. Key conceptual changes:

a) runway occupancy time will be reduced;

b) the ability to safely manoeuvre in all weather conditions whilst maintaining capacity;
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c) precise surface guidance to and from arunway will be required in al conditions; and
d) the position (to an appropriate level of accuracy) and intent of all vehicles and aircraft
operating on the manoeuvring and movement areas will be known and available to the
appropriate ATM community members.
2.1.4 Demand and capacity balancing
2141 Demand and capacity balancing will strategically evaluate system-wide traffic flows and
aerodrome capacities to allow the airspace users to determine when, where and how they operate, while
mitigating conflicting needs for airspace and aerodrome capacity. This collaborative process will allow for
the efficient management of theair traffic flow through the use of information on system-wideair traffic flow,

weather and assets. Key conceptual changes:

a) through collaborative decision-making at the strategic stage, assetswill be optimized to
maximize throughput thus providing a basis for predictable allocation and scheduling;

b) through collaborative decision-making, when possible, at the pre-tactical stage,
adjustmentswill be madeto assets, resource all ocations, projected trajectories, airspace
organization, and allocation of entry/exit timesfor aerodromes and airspace volumesto
mitigate any imbalance; and

C) at the tactical stage, actions will include dynamic adjustments to the organization of
airspaceto ba ance capacity; dynamic changestotheentry/exit timesfor aerodromesand
airspace volumes; and adjustments to the schedule by the users.

2.1.5 Traffic synchronization

2151 Traffic synchronization refersto thetacti cal establishment and maintenanceof asafe, orderly
and efficient flow of air traffic. Key conceptual changes:

a) therewill be dynamic 4-D tragjectory control and negotiated conflict-free trgjectories;
b) chokepointswill be eliminated; and

c) optimization of traffic sequencing will achieve maximization of runway throughput.

2.1.6 Airspace user operations

216.1 Airspaceuser operationsrefer tothe ATM-rel ated aspect of flight operations. Key conceptual
changes:

a) accommodation of mixed capabilities and worldwide implementation needs will be
addressed to enhance safety and efficiency;
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relevant ATM data will be fused for an airspace user’s general, tactical and strategic
situational awareness and conflict management;

relevant airspace user operational information will be made available to the ATM
system,

individual aircraft performance, flight conditions, and available ATM resources will
alow dynamically-optimised 4-D trgectory planning;

collaborative decision-making will ensure that aircraft and airspace user system design
impacts on ATM are taken into account in atimely manner; and

aircraft should be designed with the ATM system as a key consideration.

2.1.7 Conflict management

2171 Conflict management will consist of three layers. strategic conflict management through
airspace organization and management, demand and capacity balancing and traffic synchronization;
separation provision; and collision avoidance.

21.7.2 Conflict management limits, to an acceptablelevel, therisk of collision between aircraft and
hazards. Hazards that an aircraft will be separated from are: another aircraft, terrain, weather, wake
turbulence, incompatible airspace activity and when the aircraft is on the ground, surface vehicles and other
obstructions on apron and manoeuvring area. Key conceptual changes:

a)

b)

strategic conflict management will reducethe need for separation provisionto adesigned
level;

the ATM system will minimize restrictions to user operations; therefore, the
pre-determined separator will bethe airspace user, unless safety or ATM system design
requires a separation provision service;

the role of separator may be delegated, but such delegations will be temporary;

in the development of separation modes, separation provision intervention capability
must be considered;

the conflict horizon will be extended as far as procedures and information permit; and

collision avoidance systems are part of ATM safety management, but are not included
in determining the calculated level of safety required for separation provision.
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2.1.8 ATM service delivery management

2181 ATM service delivery management will operate seamlessly from gate-to-gatefor all phases
of flight and acrossall serviceproviders. The ATM service delivery management component will addressthe
balance and consolidation of the decisions of the various other processes/services, aswell asthetimehorizon
at which, and the conditions under which these decisions are made. Flight trajectories, intent and agreements
will be important components to delivering a balance of decisions. Key conceptual changes.

a) servicesto bedelivered by the ATM service delivery management component will be
established on an as-required basis subject to ATM system design. Where services are
established they will be provided on an on-request basis;

b) ATM system design will be determined by collaborative decision-making and system-
wide safety and business cases;

c) serviceswill bedelivered by the ATM servicedelivery management component through
collaborative decision-making, balance and optimise user-requested trgectories to
achieve the ATM community’ s expectation; and

d) management by trajectory will involve the development of an agreement that extends
through all the physical phases of the flight.

2.1.8.2 The seven ATM concept components introduced above are described in more detail as
follows.

The ATM System needs to
be disaggregated to
understand the sometimes A Holistic Entity
complex interrelationship
between its components.

ATM System:

Disaggregated for
discussion and role
understanding

v Complex v v Interaction v V v
ATM
DCB A T M AUO
| sou [ [ oce || a0 || w2 || ow || o || g |
A A

Information Management

All components must be
present in the ATM

System The ATM System cannot,
however, function without
. any one of its components.
ATN! syStem_' The components must be
A Holistic Entity re-integrated.
AOM — Airspace management CM — Conflict management
DCB — Demand/capacity balancing AUO — Airspace user operations
AO — Acrodrome operations ATM SDM — ATM service delivery management
TS  — Traffic synchronization
Figure2-1
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2.2 Airspace organization and management

221 All airspace will be the concern of ATM and will be a useabl e resource. The organization,
the flexible allocation and the use of airspace will be based on the principles of access and equity. On this
basis, any restriction on the use of any particular volume of airspace will be considered transitory. The
airspacewill be organized and managed in amanner that will accommodate all current and potential new uses
of airspace, inter alia, unmanned airborne vehicles, and transiting space vehicles.

222 Whileacknowl edging sovereignty, airspacewill beorganized globally. HomogeneousATM
areasand/or routing areaswill be kept to aminimum and consideration will be given to consolidating adjacent
areas. Theconcerned membersof the ATM community will undertake strategic planning for any defined area.
The ATM service provider managing that airspace will effect tactical changesin specific airspace.

223 The coordinated planning between adjacent areas will be conducted with the objective of
achieving a single airspace continuum. The airspace within that continuum will be free of operational
discontinuities and inconsistencies. Airspace will be organized to accommodate the needs of the different
types of users on atimely basis. Transition between areas will be transparent to the users at all times.

224 Airspace organization and management will providethefirst layer of conflict management.
Effective airspace organization and management will enhance the ability of the ATM service provider and
airspace users to accomplish conflict management and also increase ATM system safety, capacity and
efficiency.

2.2.5 Airspace organization

2251 Theairspace organi zation functionwill providethestrategies, rulesand procedures, by which
the airspace will be structured to accommodate the different types of air activity, volume of traffic, and
differing levels of service and rules of conduct. The principles of organization will be applicable from the
most complex to the least complex airspace. The organizational principles underlying these strategies, rules
and procedures include the following:

a) airspace management will be dynamic, flexible and based on services demanded.
Airspace organizational boundaries, divisions and categories will be adapted to traffic
patterns and changing situations, and will support the efficient operation of the other
ATM services identified in this chapter. Flexibility within airspace organization will
include regular strategic planning processes and will allow actual operations to dictate
amore optimum configuration;

b) airspace will be organized to facilitate seamless handling of flights and the ability for
flightsto be conducted al ong optimum flight traj ectoriesfrom gateto gate without undue
restriction or delay;

¢) airgpaceplanning will be based on accommodating dynamicflight traj ectorieswhenever

practicable. Structured route systemswill only be established in areaswherethe demand
for dynamic trajectories cannot be accommodated; and
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d) airspacewill beorganizedto be easily learnable, understandable, and used by the ATM
community as appropriate.

2.25.2 Airspace organization will be based on the principle that all airspace is managed, and al
related activity within airspacewill beknowntothe ATM systemin varying degrees. “ Managed” meansthat
astrategic or tactical decision asto thelevel of serviceto be provided will have been taken by the appropriate
authority.

2253 Although there will generally be no permanent/fixed constrained airspace, certain airspace
will be subjected to service limitations including access over an extended period, motivated by national
interests or safety issues and appropriately considered in coordination with the ATM community.

2254 There will always be airspace that is primarily used or organized for a specific purpose
(e.g. trajectory-oriented airspace, high density airspace, specia useairspace). However, aircraft not operating
in that particular mode nor equipped accordingly for such airspace will be accommodated by the system
where deemed safe and appropriate. Accommodation will be made without constraining the primary use of
that airspace.

2255 Priority for use of any specific airspace will not be constrained by the primary usage or
eguipage on a routine basis. It is recognized that airspace designation is useful but that it should not be
organized inamanner that permanently precludesthe possibility of mixed usage/mixed equipage operations.

2.2.6 Airspace management
2.26.1 Airspace management is the process by which the airspace organization options and other
optionsin the provision of serviceswill be selected and applied to best meet the needs of the airspace users.
Competing interests for the use of airspace will make management a highly complex exercise, necessitating
a process that equitably balances those interests.

2.2.6.2 The management of airspace will follow these guiding principles and strategies:

a) all airspacewill bemanaged flexibly. Airspace boundarieswill be adjusted to particular
traffic flows and should not be constrained by national or facility boundaries;

b) the airspace management processes will accommodate dynamic flight trajectories and
provide optimum system solutions;

¢) when conditions require that different types of traffic be segregated by airspace
organi zation, the size, shape and time regulation of that airspace will be set to minimize
the impact on operations;

d) airspaceusewill be coordinated and monitored in order to accommodate the conflicting
legitimate requirements of al users and to minimize any constraints on operations;

€) airspace reservations will be planned in advance with changes made dynamically
whenever possible. The system will a'so accommodate unplanned requirements;
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f) structured route systemswill be applied only where required to enhance capacity or to
avoid areas where access has been limited or where hazardous conditions exist;

g) uniform airspace organization and management principles will be applicable to all
regions. Global principleswill be applicable at all levels of density and will affect total
traffic volume. Complex operations may limit the degree of flexibility; and

h) areasthat should strivefor the earliest and shortest implementation are those where the
ATM community expectations are not being met.

2.3 Aerodrome operations

231 Aerodrome operationsdescribetheaerodromefunctionality withinthe ATM systeminterms
of such factors as information acquisition and delivery, facility access, demand on airspace and limits on
usability. Therewill be adependency onlandside operationswhereimprovementswill be needed to optimise
aerodrome capacity.

232 Aerodrome operations will be considered from an en-route to en-route perspective in
determining its role within the ATM system.

233 The principal challenge to aerodrome operators will be to provide sufficient aerodrome
capacity, while the challenge to the ATM system will be to ensure that al available capacity is fully and
efficiently utilized.

234 Aerodrome operation principles include the following:
a) runway occupancy time will be reduced;
b) theability tosafely manoeuvreinall weather conditionswhilemaintaining capacity; and

c) any activitiesthat take place on the manoeuvring area or apron upon which aircraft (and
vehicles) move, will be considered as having adirect influence on ATM.

235 Where required, runway geometry will permit runway entry and exit at any location along
its length, minimizing runway occupancy time and reducing holding areas.

2.3.6 Precise surface guidanceto and from arunway will berequiredinall conditions. The position
(toan appropriate level of accuracy) and intent of all vehicles and aircraft operating on the manoeuvring and
movement areas will be known and available to the appropriate ATM community members.

237 Landsideactivitiesnot directly related tothe ATM systemwill haveanimpact on aerodrome
operations. These activitiesinclude, inter alia, customs, security, baggage handlers, fuel supply, etc. and will
be optimised through the collaborative exchange of information.

238 Environmental issues such as noise, gaseous emissions and visua intrusions will be
considered in the design, development and operation of aerodromes. Restrictions on airside operations may
occur due to environmental constraints and public concern.
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2.39 Flight parameters will be available to the ATM system, allowing for dynamic spacing and
sequencing of departing aircraft thereby minimizing wake vortex constraints on runway capacity.

2.4 Demand and capacity balancing

24.1 The function of demand and capacity balancing will be to minimize the effects of ATM
system constraints. Demand and capacity balancing will be capable of evaluating system-wide traffic flows
and capacitiesin order to implement necessary actionsin atimely manner. A collaborative processwill allow
for the efficient management of the air traffic flow through the use of information on system-wide air traffic
flow, weather and assets.

24.2 Demand and capacity balancing will allow airspace usersto optimise their participation in
the ATM systemwhilemitigating conflicting needsfor airspace and aerodrome capacity. Collaborative usage
of decision support toolswill ensurethe most efficient use of airspace resources; providethe greatest possible
accessto airspace resources; provide equitable accessfor all airspace users; accommodate user preferences,
and, ensure that demand on an airspace resource will not exceed its capacity.

24.3 Demand and capacity balancing will be integrated within the ATM system. Demand and
capacity balancing will be undertaken at the strategic, pre-tactical and tactical stages, defined as follows:

a) Strategic stage. At the strategic stage, demand and capacity balancing will respond to
the fluctuations in schedules and demands, including the increasing globalization of
traffic patterns, as well as the seasonal changes of weather and major weather
phenomena. This stage will begin as soon as practicable. Through collaborative
decision-making, assets will be optimised to maximize throughput, thus providing a
basis for predictable scheduling.

b) Pre-tactical stage. At the pre-tactical stage, demand and capacity balancing will
evaluate the current allocation of ATM service provider, airspace user and aerodrome
operator assets and resources against the projected demands. Through collaborative
decision-making, when possible, adjustments will be made to assets, resource
allocations, projected trajectories, airspace organization and allocation of entry/exit
times for aerodromes and airspace volumes to mitigate any imbalance.

c) Tactical stage. At the tactical stage, demand and capacity balancing will focus more
closely on demand management to adjust imbalances. It will consider weather
conditions, infrastructure status, resource alocations, and disruptionsin schedulesthat
would causeanimbalanceto arise. Through collaborative decision making, theseactions
will include dynamic adjustments to the organization of airspace to balance capacity;
dynamic changes to the entry/exit times for aerodromes and airspace volumes; and
adjustments to the schedules by users.
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24.4 Demand and capacity balancing principles include the following:
a) the difference between user-requested trgjectories and actual tragjectories will be
optimised by the system to be as small as possible for individual flights;
b) recognition of deficiencies and optimization of assets will ensure maximum capacity
through the balancing of operations against available assets;
¢) baancingtechniqueswill begenerally based on system predictability; however, systems
must be able to accommodate unplanned situations,
d) the balancing of demand and capacity will be performed from gate to gate;
e) system-widebalancingtechniqueswill also beusedtoresolveloca demand and capacity
balancing problems;
f) dtrategic initiatives will require tactical flexibility to provide optimal airspace
availability; and
g) demand and capacity balancing will take into account information about current and
predicted airspace conditions and projected demand aswell as past performance. Tools
to strategically identify areas and times of higher density will also be available.
245 Advance demand and capacity balancing information will be made availableto all airspace

users and service providers, including aerodrome operators, to establish a common understanding of needs
and capabilities. Thiswill alow the development of collaborative strategies that will be more responsiveto

the situation.

2.4.6 In any ATM environment there will be intrinsic factors that impact the decision-making
processes with respect to demand and capacity balancing. These include, inter aia:

a)

b)

d)

Limitation of r eal-timeoper ational decision-making. Intrying to balance demand and
capacity, decisionswill be made based on available information that may be constantly
changing, often as decisions are being made.

Limited window of opportunity. Decisions made in balancing demand with capacity
will often be made quickly asthe opportunity to achieve asolution isusually associated
with a brief window of opportunity.

I naccur acy of prediction. Decisionswill be made regarding future states of the system
that can only be estimated based on current data. For example, weather, which often
reduces the capacity of airspace resources, cannot be accurately predicted, nor can its
precise impact on airspace resources be known in advance.

Stochastic nature of air traffic patterns. The pattern of air traffic is highly complex.
The effect of any one action on the overal flow of traffic cannot be modelled with
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certainty. Therefore, decision-makers will have to take actions, the effects of which
cannot always be precisely predicted.

2.5 Traffic synchronization

251 Traffic synchronization refersto thetactical establishment and maintenanceof asafe, orderly
and efficient flow of air traffic. Traffic synchronization is inter-related with both conflict management and
demand and capacity balancing and will befully integrated with these, | eading to a continuous and organized
flow of traffic.

252 Traffic synchronization isencompassed within both theground and theairbornepart of ATM
and will constitute a flexible mechanism for capacity management by allowing reductionsin traffic density
and adjustments of capacity to variations in demand.

253 Traffic synchronization will make use of integrated and automated assistance to surface,
departure, arrival and en-route management to ensure an optimum traffic flow. The objective will be to
eliminate chokepoints and ultimately to optimise traffic sequencing to achieve maximization of runway
throughput.

254 Traffic synchronization, together with the other ATM components, will contribute to the
efficient handling of traffic from gate to gate. There will be dynamic 4-D trajectory control and negotiated
conflict-free trgjectories. These techniqueswill reduce the need for traditional path stretching in high traffic
density areas and will reduce the adverse impact this has on economy and efficiency.

255 Traffic synchronization will be applicableand tailored to al airspace and aerodromeswhere
the optimized ordering and sequencing of traffic is critical to accommodate demand.

25.6 Traffic synchronization principles include the following:

a) the ability to tactically and collaboratively modify sequences to optimise aerodrome
operations including gate management and/or airspace user operations;

b) evolution into 4-D control where a flight is given atime profile to follow to optimise
throughput;

¢) delegation of maintenance of spacing to the flight deck to increase traffic throughput
while reducing ground system workload; and

d) wake vortex will continue to be a determinant of minimum spacing. Flight parameters

will be available to the ATM system, allowing for dynamic spacing and sequencing of
arriving and departing aircraft.
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2.6 Airspace user operations
26.1 Airspace user operations refer to the ATM-related aspect of flight operations.

26.2 The ATM system will accommodate diverse types of airspace user missions. These are
expected to encompass, but are not limited to, air transport, military missions, business, aerial work and
recreation. These missionswill have differencesin planning horizons; from scheduled well in advanceto just
prior to flight.

2.6.3 The ATM systemwill accommodate diversetypesof vehicle characteristicsand capabilities.

264 Both manned vehicles and unmanned aerial vehicleswill form part of the ATM system. The
ATM system will accommodate the limited ability of some vehiclesto dynamically change trajectory.

2.6.5 The evolution of ATM services will provide operational benefits and incentives
commensurate with aircraft capabilities. It will have to be recognized, however, that the degree to which
benefits and incentives can be realized may continue to differ with respect to the types of users. The
development of ATM system and aircraft capabilities based on globa standards, will ensure global
interoperability of ATM systems and airspace user operations.

2.6.6 Aircraft design, including avionics, and operational characteristicshaveaninfluenceonATM
performance (e.g. wake vortex, environmental considerations, aerodrome requirements, etc.). The
interrel ationship and interdependencies of aircraft design with ATM performance isakey consideration for
aircraft and ATM system design.

2.6.7 Airspace user operations principles include the following:

a) relevant ATM datawill be fused for an airspace user’s general, tactical and strategic
situational awareness and conflict management;

b) relevant airspace user operationa information will be made available to the ATM
system; and

¢) individua aircraft performance, flight conditions, and available ATM resources will
allow dynamically optimised 4-D trajectory mangement.
2.6.8 Mission planning
26.8.1 Mission planning is performed by airspace users as a collaborative exercise with airspace

organization and management, aerodrome operations and demand and capacity balancing as appropriate to
ensure that the ATM system will be able to accommodate their mission.
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2.6.9 Operational control

2.6.9.1 Operational control is afunction exercised by airspace users with respect to an individual
mission and means the exercise of authority over initiating, conducting and terminating a mission.

2.6.9.2 Operational control activities are extended over the diverse types of airspace user missions.
They incorporate a number of elements including management of mission, management of the individual
flights, and collaboration with ATM.

2.6.10 Flight operations
2.6.10.1 Aircraft capabilities consistent with the applicable airspace management requirements will
alow airspace usersto fly user-preferred trajectories.

2.7 Conflict management

2.7.1 Function
2711 The function of conflict management will be to limit, to an acceptable level, the risk of
collision between aircraft and hazards.
2.7.2 Relevant terms

2721 Conflictisany situationinvolving an aircraft and hazard in which the applicable separation
minima may be compromised.

2722 Conflict horizon is the extent to which hazards along the aircraft's future trgjectory are
considered for separation provision.

2723 Hazards that an aircraft will be separated from are: another aircraft, terrain, weather, wake
turbulence, incompatibl e airspace activity and when the aircraft is on the ground, surface vehicles and other
obstructions on apron and manoeuvring area.

2724 Separation minima are the minimum displacements between an aircraft and a hazard that
maintain the risk of collision to an acceptable level of safety.

2.7.25 Separation mode is an approved set of rules, procedures and conditions of application
associated with separation minima.

2.7.2.6 Separation provisionisthetactical processof keeping aircraft away from hazards by at |east
the appropriate separation minima.
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2.7.3 Conflict management layers

2.7.3.1 Conflict management is applied in three layers, comprising:

a) dstrategic conflict management;

b) separation provision; and

c) collision avoidance.
2.7.3.2 Theconflict management process can be applied at any point a ong theconflict horizon, from
flight formulation stage or schedule preparation well in advance of flight, to actual flight in real time.

2.7.4 Strategic conflict management
2.7.4.1 Strategic conflict management is the first layer of conflict management and is achieved
through the airspace organization and management, demand and capacity balancing and traffic
synchronization components.
2.7.4.2 The term “strategic” is used here to mean “in advance of tactical”. This recognizes that a
continuum exists from earliest planning of the user activity through to the latest avoidance of the hazard.
Strategic actions will normally occur prior to departure; however, they are not limited to pre-departure,
particularly in the case of longer duration flights. Changes to the trgjectory (whether on request of the user
or by the service provider) will result in selection of the best means of conflict management, which may be
strategic.
2.7.4.3 Strategic conflict management measures aim to reduce the need to apply the second layer —
separation provision — to an appropriate level as determined by the ATM system design and operation.
2.7.5 Separation provision

2.75.1 Separation provision is the second layer of conflict management and isthetactical process
of keeping aircraft away fromhazardsby at | east the appropri ate separation minima. Separation provisionwill
only be used when strategi c conflict management — i.e. airspace organi zation and management, demand and
capacity balancing and traffic synchronization — cannot be used efficiently.

2.75.2 Separation provision is an iterative process, applied to the conflict horizon. It consists of:

a) detection of conflict, whichis based on the current position of the aircraft involved and
their predicted trgjectoriesin relation to known hazards,

b) formulation of solution, including selection of the separation modes, to maintain
separation of aircraft from all known hazards within the appropriate conflict horizon;
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c) implementation of the solution by communicating the solution and initiating any
required trajectory modification; and

d) monitoring the execution of the solution to ensure that the hazards are avoided by the
appropriate separation minima.

2753 Where anew trgjectory isbeing considered then the new trajectory should be checked to be
freefrom conflictswithin aconsidered conflict horizon. In order to minimize changesto aircraft trgjectories,
the conflict horizon will be extended as far as procedures and information permit. It is recognized that the
conflict horizon may be reduced to solve near-term conflict when required.

Separation modes

2754 Separation mode is an approved set of rules, procedures and conditions of application
associated with separation minima.

2.755 The separation mode will takein account, inter alia: the safety level required; the nature of
the activity and hazard; the qualifications and roles of the actors; and other conditions of application, if
applicable, such as weather conditions and traffic density.

Separator

2.75.6 Theseparator isthe agent responsiblefor separation provisionfor aconflict, and can beeither
the airspace user or a separation provision service provider.

2757 The separator must be defined (that is pre-determined) prior to the commencement of
separation provision; however the role of separator may be delegated.

Pre-determined separator

2.75.8 Before the commencement of separation provision, it isessential that there is no ambiguity
as to the agent responsible for keeping an aircraft separated from hazards. This agent will be caled the
pre-determined separator, as this role is determined prior to any need for separation provision. For any
airspace user activity, the pre-determined separator must be defined for all hazards, however different
pre-determined separators may be defined for different hazards. For exampl e, in some cases, the airspace user
may be the pre-determined separator in respect of weather and terrain, and the separation service provider
will be the pre-determined separator in respect of other hazards.

2759 Therole of separator may be delegated. When del egation occurs, the term separator applies
to the agent currently responsible for separating the aircraft from delegated hazards (the agent who has
accepted the delegation). The term pre-determined separator refers to the agent that the responsibility will
ultimately transfer back to after the condition that terminates al delegations.

2.75.10 The ATM system will be designed to minimize restrictions to user operations and, in
particular will be designed to avoid, where possible, tactical changes to trgectories; therefore, the
pre-determined separator will bethe airspace user, unless safety or ATM system design requires aseparation
provision service.
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Self separation

27511 Self-separation isthe situation wherethe airspace user isthe separator for their activity from
one or more hazards.

2.75.12 Full self-separation iswhere the airspace user isthe separator for their activity in respect of
al hazards. In this case, no separation provision service will be involved; however, other ATM services,
including strategic conflict management services, may be used.

Distributed separation

2.75.13 Distributed separation iswhen, for an airspace user’ s activity, there are different separators
for different hazards. This can be because different pre-determined separators have been defined or because
delegation of separation has occurred.

Cooperative separation

2.75.14 Cooperative separation is when the role of separator is delegated. This delegation is
considered temporary and the condition that terminates the del egation will be known. The delegation can be
for types of hazards or from specified hazards. If the delegation is accepted, then the accepting agent is
responsible for compliance with the delegation, using appropriate separation modes.

Note— Participation in separation provision does not necessarily mean cooperative
separation. Cooper ative separation refersto the del egation of the role of separator, not simple compliance
with instructions or suggestions.

Separation provision service
2.75.15 A separation provision service will be available when safety or ATM design requires.

2.75.16 Full separation provision serviceiswhen the service provider isthe separator for an airspace
user’ s activity from all hazards.

Separation provision intervention capability

2.75.17 Inthe devel opment of separation modes (i ncluding determination of separatorsand minima),
separation provision intervention capability must be considered. This capability isexpected to have different
values depending on whether intervention is from a separation provision service, by a user, or by an
automated system. This capability will take into consideration human factors principles. Humans may
rationalize complex separation minimato a particular value for application.

2.75.18 Theseparation provisionintervention capability refersto the quality of human and/or system
to detect and to solve aconflict, to implement and to monitor the solution. The surveillance, communication,
and navigation performance, complex situation assessment and problem solving capabilities are inputsin
determining the intervention capability.
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2.7.6 Collision avoidance

2.76.1 Collision avoidance is the third layer of conflict management, and must activate when the
separation mode has been compromised. Collision avoidanceisnot part of separation provision, and collision
avoidance systems are not included in determining the calculated level of safety required for separation
provision. Collision avoidance systems will, however, be considered part of the ATM safety management.
The collision avoidance functions and the applicable separation mode, although independent, must be
compatible.

2.8 ATM service delivery management

2.8.1 Process

2811 The function of ATM service delivery management will manage the balance and
consolidation of the decisions of the various other processes/services, as well as the time horizon at which,
and the conditions under which these decisions are made. Services to be delivered by the ATM service
delivery system will be established on an on-request basis subject to ATM system design. ATM system
design will be determined by collaborative decision-making and system-wide safety and business cases.

28.1.2 When ATM services have been requested, the processwill consist of building an agreement
on the flight trajectory based on the user wishes and preferences, the constraints and opportunities related to
the other services, and the information available on the operational situation. The agreement will then bethe
subject of monitoring. A significant deviation from the agreement, as it can be observed or inferred from
information available, will trigger arevision to the agreement or awarning to draw attention on the need to
revert to the agreement.

28.1.3 ATM service delivery management will manage the distribution of the responsibilities for
the various services and their seamless performance, including the designation of pre-determined separator
for separation provision. This function will be important to ensure that the services delivered by the ATM
service delivery system will, through collaborative decision-making, balance and optimise user-requested
trajectories to achieve the ATM community’ s expectations.

2814 To maintain situation awareness, ATM service delivery management will monitor awide
range of non-flight-specific infrastructure and traffic demand information.
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2.8.15 ATM service delivery management principlesinclude:

2.8.2 Tragectory, profile, and aircraft or flight intent

2821 The future ATM system based on this concept, will rely on explicit and unambiguous
information and on wide information exchange within the system. Key information relates to the future
position of aircraft, and to the meaning and status of that information.

2822 System-delivered trajectories will take into account aircraft performance characteristics.

2.8.23 The notification of intent will be a means for airspace users to specify their request for
services and the nominal capabilities available during the flight.

2824 The notification of intent will satisfy the gate-to-gate, collaborative decision-making and
network management requirements.

2.8.3 Management by trajectory and notion of clearance

2.83.1 Management by trg ectory will invol vethe devel opment of an agreement that extendsthrough
al the physical phases of flight. The trgjectory will never be allowed to have an open-ended vector, which
means every manoeuvre will be reflected as an update to the agreement. Management by traj ectory does not
mean that every aspect of a flight, including arriva profile, runway, taxi path and gate needs to be
predetermined and captured in detail in the agreement at the time of departure. The agreement and the
management of that agreement will have the detail required by the traffic management phasesthat the flight
is subject to at the time the initial agreement and subsequent updates are made.

2.8.3.2 Clearances will allow the incremental delivery of the trgjectory by the ATM system based
on the assignment of traffic. Therefore, although the flight deck and the ATM system will have entered into
a“gate-to-gate” agreement, that agreement will be actively affirmed by the delivery of each portion of the
trgjectory as aclearance.

2.9 Information services
291 Thefunction of information servicesdea swith the exchange and management of information
used by the different processes and services. It will ensure the cohesion and linkages between the seven
concept components described above.
2.9.2 Information management
2921 Information management provides accredited quality-assured and timely information used

to support ATM operations. | nformation management will also monitor and control the quality of the shared
information and provide information-sharing mechanisms that support the ATM community.
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2.9.2.2 I nformation management will assembl e the best possibleintegrated picture of the historical,
real-time and planned or foreseen future state of the ATM situation. Information management will provide
the basis for improved decision-making by all ATM community members. Key to the concept will be the
management of an information-rich environment.

2.9.23 I nformation management will contributeto the expectationsof the ATM community through
al operational services. Itsmoredirect contribution to improvement inthe ATM systemwill beinthe quality
of theinformation that will, inturn, provide significant additional benefits. In particular, thewide avail ability
of high quality, relevant aeronautical data presented to all airspace usersin a usable format will contribute
to increased aviation safety.

29.24 The ATM community will depend on information management, shared on a system-wide
basis, to makeinformed collaborative decisionsfor best businessand operational outcomes. Withinthe ATM
system based on this operational concept, it will be theinformation itself that will be of significance and not
the technology that supportsit.

2.9.25 For the ATM system to operate at its full potential, pertinent information will be available
when and where required.

2.9.2.6 ATM data has temporality and will change over time but to varying degrees in terms of
frequency or magnitude, varying fromalmost static to very dynamic. I nformation management will recognize
and accommodate this temporality of data. Thiswill impact the organization and issuance of data.

2.9.2.7 Information may be personalized and filtered, and accessed as needed. Theinitial quality of
theinformation provided will betheresponsibility of theoriginator; subsequent handlingwill not compromise
its quality.

2.9.2.8 The information management function will allow al participants to adjust information
sharing to mitigate any proprietary concerns. Sensitivitieswith regard to some datawill continueto exist and
will be managed within the information management function. Oncean ATM community member agreesto
release information, the datawill be available to the extent required and will be made accessibleto specified
parties.

2.9.29 Information management will achieve a seamless transfer of relevant information between
partiesin aflexible, adaptable and scalable information environment.

2.9.2.10 Information management will use globally harmonized information attributes.

2.9.3 Aeronautical information

2931 The scope of information management includes all types of information, in particular the
aeronautical information. Sincethearchitecture and organization of information servicesareimplementation
issues, this operational concept does not describe the traditional notion of aeronautical information services
(AIlS) asthey arein 2000. Neverthel ess, in addition to theintrinsic characteri sticsof information management,
servicing information will incorporate the following basic concepts.
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Temporality and issuance

2.9.3.2 Temporality of theinformation dependsonits nature. Some data can be prepared in advance
and are valid for a rather long period; other data change in real-time and are obsolete immediately. As a
principle, any valid and relevant information will be made available as soon as it becomes available.

2.9.33 In order to satisfy the requirements of all information users and to avoid waste of resources
and the risk of information overload, information management will use a variety of information issuance
concepts in relation to the application using it and the media used to carry it. Typicaly, the information
relevant to aflight will be tailored and filtered, and accessible dynamically as the flight is planned and then
progresses. Intelligent information management will be used to redlise virtually “unlimited” access to
information with “limited” bandwidth, and optimise the transfers of information.

Media

2934 The reference medium for aeronautical data will be a fully electronic and networked
environment, with printouts used only as needed for reference, temporary memorization and visualization
support to human operators.

2.9.35 Information will use avariety of channels on the ground (and space-based segments). The
best information routing will be selected for use on the basis of quality of service and economic criteria,
possibly in real-time.

2.9.4 Meteorological information

2941 The provision of meteorological information will be an integrated function of the ATM
system. The information will be tailored to meet the ATM requirements in terms of content, format and
timeliness.

2.9.4.2 The main benefits of the meteorological information for the ATM system will be related to
the following:

a) improved accuracy and timeliness of meteorological information will be used to
optimize the flight trgjectory planning and prediction, thus improving safety and
efficiency of the ATM system;

b) increased availability of shared meteorological information on board the aircraft will
alow the preferred trgjectory to be refined in real-time;

C) better identification, prediction and presentation of adverse weather will alow the
management of its effects more efficiently, thereby improving safety and flexibility, for
example, by providing accurate and timely information on the need for diversion or
rerouting;

d) improved aerodrome reports and forecasts will facilitate the optimum use of available
aerodrome capacity;
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increased availability of meteorological information (air-reports) from on board
meteorological sensorswill contribute to improve forecast meteorological information
and the display of real-time information; and

meteorological information will contribute to minimizing the environmental impact of
air traffic.

Performance management will beanimportant part of the quality assurance of meteorological

2.9.5 Other essential services

There are other essential activitiesthat the ATM systemwill provideinformation to, or may
receive information from. These include the following:

a)

b)

0)

d)

€)

Air defence systems and military control systems will need timely and accurate
information on flights and ATM system intents. They will be involved in airspace
reservations and notification of air activities and in enforcing measures related to
Ssecurity.

Search and rescue organizations will need timely and accurate search and rescue
information on aircraft in distress and accidents as such information plays an important
rolein the quality of the search function.

Aviation accident/incident investigation authorities will need to exploit recordings of
flight trgjectory and ATM actions.

Law enforcement (including customs and police authorities) will need flight
identification and trgjectory data, as well as information about traffic at aerodromes.

Regulatory authoritieswill needtoimplement theregulatory framework withinthelegal
powers given to them and to monitor the safety status of the ATM system.

These entities have a defined relationship with the ATM system and all will impose
requirements on the system.
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APPENDIX A

THE ATM COMMUNITY
The ATM community is presented in alphabetical order rather than in any order of importance or priority.
Aerodrome community
The aerodrome community includes aerodromes, aerodrome authorities, and other parties involved in the
provision and operation of physical infrastructure needed to support thetake-off, landing and ground handling
of aircraft. The numerous aerodrome activitiesnot directly related to aircraft flight operations (e.g. passenger
processing, baggage handling, catering services, customs and immigration) were determined to be outside
the scope of the ATMCP and were not considered in developing the ATM Operational Concept.
Airspace providers
Thetermairspace provider generally refersto the Contracting Statesintheir capacity of airspace ownerswith
the legal authority to allow or deny access to their sovereign airspace. It may also apply to organizations of
States that have been assigned responsibility for establishing the rules and guidelinesfor the use of airspace.
The airspace provider is responsible for addressing and resolving issues such as airspace sovereignty,
diplomatic clearance, and national security (e.g. air defence) requirements. The airspace provider has an
important rolein achieving the benefits of collaborative ATM by ensuring that the airspace is organized and
managed for both the safety and efficiency of service.
Airspace users

The term airspace users mainly refersto the organizations operating aircraft and their pilots. In developing
the ATM operational concept, three classifications of airspace users are considered.

a) ICAO compliant manned flight operations (the largest segment by far);
b) 1CAO non-compliant manned flight operations; and
c) flight operations of unmanned aerial vehicles (UAVS).

ICAO compliant manned flight operations are those conducted in accordance with ICAO provisions
(e.g. SARPs, PANS-ATM). The ICAO-compliant airspace users include:

a) al civil aircraft operators (i.e. those engaged in commercial air transport (passenger,
mail and cargo services), aerial work, air taxi operators, business aviation, private air
transport, sporting and recreational aviation, etc.; and

b) the portion of States' users operating State aircraft using civil air traffic rules.

ICAO non-compliant manned flight operations are those conducted by State aircraft which cannot comply
for operational or technical reasons.
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Flight operations of unmanned aerial vehicles (UAVS) — a growing segment of airspace users — include
both defence UAV sand civil applicationsof UAV technology. In certain situations, UAV technology isseen
as a more cost-effective solution than the use of conventional aeroplanes or helicopters.
In somecircumstancesusing UAV sissimply safer and it may also bethe only possibleway to get aparticular
job done. However, the emerging requirement for non-segregated operationsof civil UAVsistotally new and
no regulatory framework for such operations currently exists.
ATM service providers
The ATM service providers comprise all those organizations and personnel (e.g. controllers, engineers,
technicians) that are engaged in the provision of ATM services to airspace users. ATM service provider
responsibilities include CNS/ATM facility planning, investment, and implementation; procedure
development; training; and ongoi ng system operation and maintenance of seamlessCNS/ATM services. ATM
service provider organizations include:

a) State agencies,

b) State-owned self-financing corporations;

c) privatised ATM service providers,

d) regional ATM service providers; and

€) independent private sector ATM service providers of ground and space-based
CNS/ATM services.

ATM support industry
The ATM support industry comprises al those organizations that offer systems and services used by ATM
service providers to provide CNS/ATM facilities and seamless services that achieve the ATM operational
concept vision. In particular, the support industry includes:

a) information service providers;

b) equipment manufacturers,

¢) research and development (R& D) organizations; and

d) aviation standards devel opment organizations.
Information service providers are government or private sector organizations that are not ATM service
providers per sebut who areengaged in the collection and dissemination of air navigation related information
of an operational nature. Thisincludesenvironmental information (e.g. maps, navigation databases), ground,

airborne and space-based weather observation and aviation weather forecasting.

Equipment manufacturers are typically private sector corporations that are engaged in the development,
production, implementation, testing, and support of equipment used by ATM service providers, airspace
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users, aerodromes, and meteorological service providers, among others. This segment includes: airframe
manufacturers, avionics manufacturers, CNS/ATM equipment manufacturers (e.g. computers and
telecommunications equipment), engine manufacturers, satellite manufacturers and operators, systems
integrators, and industry associations.

R&D organizations are engaged in the planning, funding and execution of R&D programmes aimed at
progressing the state of the art in the field of aviation in general, and ATM in particular. R&D topics of
interest directly related to the ATMCP Operational Concept include;

a) datalink communications;

b) satellite navigation and augmentation;

¢) enhanced surveillance using aircraft provided information;

d) controller decision support tools;

€) cockpit and controller shared situational awareness; and

f) human factors evaluations of new concepts of use for CNS/ATM technologies.
Aviation standards development organizations alow the ATM community to cooperate and develop
consensus on the many technical and operational details needed to implement the global, interoperable ATM
system defined by ICAO.
I nternational Civil Aviation Organization (ICAQ)
ICAO is the only international organization in a position to effectively coordinate global ATM
implementation activitiesleading to therealization of aseamless, global ATM system. The ATM Operational
Concept vision has therefore been stated as follows:

To achieve an interoperable global ATM systemfor all usersduring all phases of flight that

meets agreed to levels of safety; provides for optimum economic operations; is

environmentally sustainable, and meets national security requirements.
Theaimsand objectives of ICAO in accordance with Article 44 of the Convention on International Aviation
are to develop the principles and techniques of international air navigation and foster the planning and
development of international air transport. ICAO ensures the safe and orderly growth of international civil
aviation throughout the world. Recognizing the limitations of the present terrestrial-based system, ICAQO,
working with its Contracting States, international organizations and other community members devel oped

the communications, navigation and surveillance/air traffic management (CNS/ATM) systems concept to
serve the interests and the objectives of civil aviation throughout the world.
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In accordance with its obligations under the Convention, ICAO continues to carry out its responsibility
concerning the adoption and amendment of relevant international SARPs and procedures. These SARPsand
proceduresare continually being reviewed and updated while new ones are being devel oped to accommodate
CNS/ATM systems requirements. This continuing practice supports the principle of universal accessibility
without discrimination by ensuring the highest possible degree of uniformity inall mattersconcerning safety,
regularity and efficiency of air navigation.

Finally, ICAO hasdevel oped thisoperationa concept document, working throughthe CNS/ATM community,
in an attempt to establish avision, with clearly stated objectives and benefits of aseamlessand global ATM
system.

Regulatory authorities

Regulatory authorities are responsible for certain aspects of the overall performance of the aviation
industry — most significantly, aviation safety — and other areas including environmental impact, and
international trade. Regulatory authorities plan the desired performance through safety standards; pilot,
controller, and system certification; and environmental regulations, to mention just afew. They then monitor
the aviation system results and investigate accidents, incidents and other unexpected occurrences and make
recommendations and implement new regulations and standards to improve aviation system performance.

The aviation regulatory authoritiesinclude: aviation safety regulators, certification authorities (e.g. aircraft,
systems, pilots, controllers, maintenance technicians), standardization organizations, environmental
regulators, and independent accident/incident investigation authorities, among others.

States

Global implementation of aseamlessATM systemthroughtheprovisionof CNSATM facilitiesand seamless
services shall neither infringe nor impose restrictions upon States' sovereignty, authority, or responsibility
in the control of air navigation and the promulgation and enforcement of safety regulations. Furthermore, in
pursuing the ATM operational concept vision, States should make optimum use of existing organizational
structures, wherever possible, and ATM servicesshould bedeliveredinaccordancewith existinginstitutional
arrangementsand regul ations. Where modifi cation becomes necessary, thiswill beaccomplished throughthe
aready established international mechanisms.

Implementation should be sufficiently flexibleto accommodate existing and future servicesin an evol utionary
manner. It is recognized that a globally coordinated implementation, with full involvement of ICAQ, the
States, and other community members — including the rationalization, integration and harmonization of
CNS/ATM facilities, where appropriate — is the key to the realization of full benefits from collaborative
ATM.

For the five decades after the founding of ICAQ in 1944, the Contracting States were generally responsible
for acting as the regulatory authority, airspace provider, and ATM service provider for aviation activities
within their sovereign airspace and in the flight information regions for which they are responsible. Within
the past ten to fifteen years many Contracting States have established innovative institutional arrangements
(e.g. multi-national regulatory organizations, harmonized airspace planning and organization across several
States, and autonomous ATM service providers) to meet their aviation responsibilitiesand needs. Therefore,
while the Contracting States remain members of the ATM community per se, the role of some members of
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the ATM community who complete activities or provide services that were traditionally the responsibility
of Contracting States have evolved and are listed below:

a) regulatory authority;
b) airspace provider; and

¢) ATM service provider.
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APPENDIX B

EXPLANATION OF TERMS

The explanations of terms contained herein are used in association with those terms in the context of this
ATM operational concept. Except where indicated, they have no officia statuswithin ICAO. Whereaterm
isused differently from an ICAO formally-recognized definition, thisis noted.

Airside. The contiguous area within and extending to the aerodrome perimeter prepared, intended, and set
aside for the movement, servicing, and loading of aircraft or where aircraft can otherwise be situated.

Air traffic management (ATM).* The dynamic, integrated management of air traffic and airspace — safely,
economically, and efficiently — through the provision of facilitiesand seamless servicesin collaboration
with al parties.

Air traffic management system. A system that provides ATM through the collaborative integration of
humans, information, technology, facilities and services, supported by air, ground and/or space-based
communications, navigation and surveillance.

Aircraft intent. Information on the planned future aircraft behaviour that can be obtained from the aircraft
systems (avionics). It isassociated with the commanded trajectory, and will enhance airborne functions.
Theaircraft intent dataeither correspond to aircraft trgjectory datathat directly relateto thefutureaircraft
trg ectory asprogrammed insidetheavionics; or aircraft control parameters, asmanaged by theautomatic
flight control system. These aircraft control parameters could be either entered by the flight crew, or
automatically derived by the flight management system.

Airspace management. The process by which the airspace options are sel ected and applied to meet the needs
of the ATM community.

ATM operational concept. This ATM operational concept is a high-level description of ATM services
necessary to accommodate traffic at a given time horizon; a description of the anticipated level of
performance required from, and the interaction between, the ATM services, aswell as the objects they
affect; and a description of the information to be provided to agentsin the ATM system and how that
information is used for operational purposes. The operational concept is neither adescription of the air
navigation infrastructure, nor atechnical system description nor adetail ed description of how aparticular
functionality or technology could be used.

ATM community. The aggregate of organizations, agenciesor entitiesthat may participate, collaborate, and
cooperatein the planning, devel opment, use, regulation, operation and maintenance of the ATM system.
(Appendix A refers)

! Thel CAQdefinition containedinthe Proceduresfor Air Navigation Services—Air Traffic Management (PANS-ATM, Doc 4444)
is different from the explanation given herein.
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Availability. Theability of asystemto performitsrequired function at theinitiation of theintended operation.
It is quantified as the proportion of the time the system is available to the time the system is planned to
be available.

Benefit. Reduced cost to the user (to the ATM community asawhole), in the form of savingsin time and/or
fuel or increased revenue, and/or an improvement to safety.

Capability. Theability to provideaserviceor perform afunction that, either onitsown or with other services
or functions, can deliver a definable level of performance provided by a system. This level of
performance is measurable within aframework of performance indicators and safety regquirements.

Capacity. The maximum number of aircraft that can be accommodated in a given time period by the system
or one of its components (throughput).

Conflict. Any situation involving an aircraft and hazard in which the applicable separation minima may be
compromised.

Conflict horizon. The extent to which hazards along the aircraft’s future trajectory are considered for
separation provision.

Constraint. Any limitation to the implementation of an “operational improvement”.

Continuity. The probability of asystem to perform its required function without unscheduled interruptions
during the intended period of operations.

Cooperative separation. Delegation of therole of “ separator”. The delegation can befor aparticular type of
hazard or from nominated hazards. If the delegation is accepted, then the accepting party isresponsible
for compliance with the delegation, using appropriate separation modes.

Delay. The difference between actual block time and ideal block time.

Demand. The number of aircraft requesting to use the system in a given time period.

Efficiency. Ratio of the cost of ideal flight to the cost of procedurally constrained flight.

Enablers. Initiatives, such as (new) technologies, systems, operational procedures, operationa or
socio-economic developments, etc. which facilitate the implementation of operational improvements or
of other enablers.

Equity. The first aircraft ready to use the ATM resources will receive priority, except where significant
overal safety or system operational efficiency would accrue or nationa interests dictate providing
priority on adifferent basis. Equity isensured for all airspace usersthat have access to a given airspace

or service by the global ATM system.

Flight deck. Term encompassing flight crew and/or aircraft systems.
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Flight intent. The future aircraft trajectory expressed as a 4-D profile until destination, taking account of
aircraft performance, weather and terrain, ATM services constraints, calculated and “owned” by the
aircraft FMS, agreed by the pilot.

Gate-to-gate. Where the air traffic operations of the members of the ATM community are such that the
successive planning and operational phases of their processes are managed and can be achieved in a
seamless and coherent way.

Hazards. Those things [objects, elements] that an aircraft can be separated from. These are: another aircraft,
terrain, weather, wake turbulence, incompatibl e airspace activity and, when theaircraft ison the ground,
surface vehicles and other obstructions on apron and manoeuvring area. For any hazard (i.e. any
conditions, event or circumstances which could induce an accident) a risk can be identified as the
combination of the overall probability or frequency of occurrence of a harmful effect induced by the
hazard and the severity of that effect. (Accident and Incident are defined in Annex 13).

Homogeneous ATM area®. An airspace with a common air traffic management interest based on similar
characteristics of traffic density, complexity, air navigation system infrastructure requirements, or other
specified considerations, wherein acommon detailed plan will foster theimplementation of interoperable
CNS/ATM systems.

Note— Homogeneous ATM areas may extend over Sates, specific portions of States, or
groupings of smaller Sates. They may also extend over large oceanic and continental en route areas.
They are considered as areas of shared interest and requirements.

Landside. That portion of the aerodromethat isnot considered airside. It consists primarily of passenger and
cargo terminals, including appurtenances that may extend onto the airside, and those other facilities not
located within the area defined by the airside.

Link. A direct connection between an operational improvement and an enabler, between operationa
improvements, between enablers or between lines of action. In “road-mapping” a link defines a
pre-requisite or an enabler to an operational improvement, another enabler or aline of action.

Major traffic flow?. A concentration of significant volumes of air traffic on the same or proximate flight
trajectories.

Note— Major traffic flows may cross several homogeneous ATM areas with different
characteristics.

Operational concept. For the purposes of this document, an operational concept is defined as:

a) ahigh-level description of ATM services necessary to accommodate traffic at a given
time horizon;
b) adescription of the anticipated level of performance required from, and the interaction

between, the ATM services, as well as the objects they affect; and

2 Asused in the Global Air Navigation Plan for CNSATM Systems (Doc 9750).
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C) adescription of the information to be provided to agentsin the ATM system and how
that information is used for operational purposes.

The global ATM operational concept differs from “architecture” and * concept of use’. “ Architecture”
includestheinfrastructure and atechnical system description that includes specific technologies and the
functions of personnel. The operational concept describes how the air traffic management system will
operate and identifies the services that will be required. Identification of what specific technologies are
implemented to deliver these servicesis defined by an “architecture’ to be developed by planning and
implementation regional groups(PIRGs) and States. Thus, an operational concept drivesthearchitecture.
AnATM “concept of use” isamore detailed description of how a particular functionality or technology
could be used. An operational concept portrays an ideal state in the future, to be reached progressively
through a number of discrete change steps from the current situation. For the global ATM operational
concept, the year 2025 was sel ected as a point in which the mgjority of expectations described could be
realized. Descriptions of intermediate stages were done through scenarios, combining elements of the
current global situations and target concepts.

Note.—Theoperational concept isneither a description of theair navigationinfrastructure, nor
atechnical systemdescription nor a detailed description of how a particular functionality or technology
could be used.

Operational concept vision. To achieve an interoperable global ATM system for all usersduring all phases
of flight that meets agreed to levels of safety; provides for optimum economic operations; is
environmentally sustainable, and meets national security requirements.

Operational control.® Used generically with respect to aflight meansthe exercise of authority over initiating,
conducting and terminating a mission. It will use sophisticated flight planning, flight following, and
automation tools.

Operational requirement (OR). A statement of the operational attributes of asystem needed for the effective
and/or efficient provision of air traffic servicesto users.

Option. Wherean operational concept (or atechnical concept) can berealized through varioussolutions, each
of these sol utionsisseen asan option. Selecting/retai ning an option requiresinvestigated cost-benefit and
other analyses. In some cases, only one option can beretained. In other cases, severa options can beleft
to the choice of implementers.

Predictability. Isameasure of delay variance against a performance dependability target. Asthe variance of
expected delay increases, it becomes avery serious concern for airlines when developing and operating
their schedules. Conceptually, predictability metrics should be a comparison of the actual flight timeto
the scheduled flight time, since the scheduled time includes the amount of expected delay at atargeted
dependability performance.

® Thel CAOdEefinition containedinthe Proceduresfor Air Navigation Services—Air Traffic Management (PANS-ATM, Doc 4444)
is different from the explanation given herein.
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Required ATM performance (RASP). RASP is the set of criteria, expressed in the form of performance
parameters, and val ues of these parameters, that the ATM system needsto meet with agiven probability,
in order to support the approved quality of service specified for a particular environment.

Note 1.—RASP does not mean that the system performance can be expressed by a singlefigure,
or that performance figures have to be unique globally. Lower performance bounds for the ATM system
will be defined at the global level. RASP refersto a requirement; however, initiative and choice will be
left to implementers. Planning activitieswill respond to the difference between the current performance
andthedesired futuretargets. “ Target” isunderstood to betheminimumthat isrequired at a given point
intimeor at a given period and may also address the present.

Note 2.— Probability refersto the fact that whatever the performance parameter that must be
met, it will always relate to certain traffic conditions, or to infrequent possible events, the realization,
or absence of realization, of which does not constitute proof of meeting or failing the requirement.

Required total system performance (RTSP). RTSP is the aggregate of criteria, expressed in the form of
performance parameters (operational and technical), that the ATM system needs to meet in order to
deliver the approved quality of service and RASP specified for a particular environment.

Note 1.— Theterm RTSP isretained for the internal performancewith “ total” to contrast with
elements of the system addressed by specific required enabler performance parametersrelating to their
outputs (e.g. required communications performance for the communication systems).

Note 2.—*“ Required” implies something that is mandated, or must be achieved, presumably to
give some degree of assurance that something has or will be done. It gives no guidance as to the scope
of application —only the sense of importance or urgency. In context, it may also imply a minimum |level
of action or service.

Risk management. The systematic application of management policies, proceduresand practicesto thetasks
of establishing the context of, identifying, analysing, evaluating and treating risks, monitoring the
implementation of treatments and communicating on risk.

Routing area.* A defined area encompassing one or more mgjor traffic flows for the purpose of developing
adetailed plan for the implementation of interoperable CNS/ATM systems.

Note—Arouting areamay crossseveral homogeneousATM areaswith different characteristics.
A routing area specifies common inter ests and requirements among under lying homogeneous ar eas, for
which adetailed plan for theimplementation of CNSATM systemsand procedureseither for theairspace
or for the aircraft will be specified.

Safety case. Both the argument and the document that contend the level of safety attained will satisfy the
safety requirements. It intelligently and coherently argues the degree of safety achieved at any point of
asystem’ slife cycle by making rational and coherent reference to the documented results of the system
safety approach defined above.

4 Asused in the Global Air Navigation Plan for CNSATM Systems (Doc 9750).
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Separation minima. The minimum displacements between an aircraft and a hazard that maintain the risk of
collision to an acceptable level of safety.

Separation mode. An approved set of rules, procedures and conditions of application associated with
separation minima.

Separation provision. Thetactical process of keeping aircraft away from hazards by at |east the appropriate
separation minima.

Separation provision intervention capability. The quality of human and/or system to detect and to solve a
conflict, to implement and to monitor the solution. The communication, navigation, surveillance
performance, complex situation assessment and problem solving capability areinputsin determining the
intervention capability.

Separator. Agent responsible for separation provision for a conflict, being either the airspace user or a
Separation provision service provider.

Note.— Therole of the separator may be delegated; however, a pre-determined separator must
be defined prior to the commencement of separation provision.

Spacing. Any application of a distance or time between an aircraft and a hazard at or above separation
minimain order to maintain an orderly flow of traffic.

System safety approach. A systematic and explicit approach defining all activities and resources (people,
organizations, policies, procedures, time spans, milestones, etc.) devoted to the management of safety.
This approach starts before the fact, is documented, planned and explicitly supported by documented
organizational policies and procedures endorsed by the highest executive levels. The system safety
approach uses systems theory, systems engineering and management tools to manage risk formally, in
an integrated manner across all organizational levels, across all disciplines and all system life cycle
phases.

State aircraft. Aircraft used in military, customs and police services.

Strategic action. A “strategic action” describes “actions’, i.e. initiatives of a general nature, which shall be
launched in order to support one or several strategic objectives.

Traffic synchronization. Traffic synchronization concerns the management of the flow of traffic through
merging and crossing points such as traffic around major airports or airways crossings. It currently
includes management and provision of queuesboth on ground and intheair. Thetraffic synchronization,
asafunction, isclosely related to both demand/capacity balancing and separation provision and may in
the future be indistinguishable from these. It is also clear that the traffic synchronisation also concerns
the airport “service” part of the concept.

Trajectory, or profile. Thisisthe description of movement of an aircraft, both in the air and on the ground,
including position, time, and at least via calculation, speed and accel eration.
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Unmanned aerial vehicle (UAV). Anunmanned aeria vehicleisapilotlessaircraft in the sense of Article8
of the|CAO Convention whichisflown without apilot-in-command on board and is either remotely and
fully controlled from another place (ground, another aircraft, space) or programmed and fully
autonomous.
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APPENDIX C

LIMITATIONS

1. EXISTING LIMITATIONSTO THE PROVISION OF
AIR TRAFFIC SERVICESIN 2000

11 The ATM system has limitations that may occur at different times and places. These
limitations include but are not restricted to:

a)

b)

c)

d)

f)

9)
h)

disparate services and procedures resulting from differing systems and limited system
and decision support toals;

a reliance on increasingly congested voice radio communications for air-ground
exchanges,

rigid airspace divisions and route structures which do not allow the totality of ATM
resources to be used to best effect;

limited collaborative planning between ATM, aerodrome operating authorities and
aircraft operators,

less than optimum use of scarce resources such as airspace and aerodrome airside
capacity;

limited facilities for real-time information exchange between ATM, aerodromes and
aircraft operators, resulting in less than optimal responses to real-time events and
changesin the users' operational requirements;

the limited ability to maximize benefits for aircraft with advanced avionics; and

the long lead-timesinvolved in developing and deploying improved systemsin aircraft
fleets or in the ground infrastructure.

12 The limitations of the current ATM system results in inefficient aircraft operations. These
inefficiencies include but are not limited to the:

a)
b)
0)
d)
€)

f)

requirement to fly circuitous departure and arrival procedures,

exclusion of civil air traffic from airspace reserved for defence purposes;

indirect fixed routes between destinations;

excessive system related ground and en-route delays;

operation of aircraft at inefficient atitudes, speeds, and in unfavourable winds; and

insufficient flexibility to permit optimum management of weather-rel ated disruptionsto
airline operations.
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APPENDIX D

EXPECTATIONS

Key to the operational concept is a clear statement of the expectations of the ATM community. The
expectations for the global ATM system have been discussed among the ATM community in general terms
for many years. These expectations stem from efforts to document ATM “user requirements.” The
expectations hereafter areinterrelated and cannot be considered inisolation. Furthermore, while safety isthe
highest priority, the expectations are shown in aphabetical order asthey would appear in English.

Access and equity

A global ATM system should provide an operating environment that ensuresthat all airspace users havethe
right of accessto ATM resources needed to meet their specific operational requirements; and ensuresthat the
shared use of the airspacefor different airspace users can be achieved safely. Theglobal ATM system should
ensure equity for all airspace usersthat have accessto agiven airspace or service. Generally, thefirst aircraft
ready to use the ATM resources will receive priority, except where significant overall safety or system
operational efficiency would accrue or national defence considerations or interests dictate by providing
priority on adifferent basis.

Capacity

Theglobal ATM system should exploit theinherent capacity to meet airspace user demand at peak timesand
locations while minimizing restrictions on traffic flow. To respond to future growth, capacity must increase,
along with corresponding increasesin efficiency, flexibility, and predictability while ensuring that there are
no adverseimpactsto safety giving due consideration to the environment. The ATM system must beresilient
to service disruption, and the resulting temporary loss of capacity.

Cost effectiveness

The ATM system should be cost-effective, while balancing the varied interests of the ATM community. The
cost of serviceto airspace users should aways be considered when eval uating any proposal toimprove ATM
service quality or performance. ICAO guidelines regarding user charge policies and principles should be
followed.

Efficiency

Efficiency addresses the operational and economic cost-effectiveness of gate-to-gate flight operations from
a single-flight perspective. Airspace users want to depart and arrive at the times they select and fly the
trajectory they determine to be optimum in all phases of flight.

Environment

The ATM system should contribute to the protection of the environment by considering noise, gaseous
emissions, and other environmental issuesin the implementation and operation of the global ATM system.
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Flexibility

Flexibility addresses the ability of al airspace users to modify flight trajectories dynamically and adjust
departure and arrival times thereby permitting them to exploit operational opportunities as they occur.

Glaobal interoperability

The ATM system should be based on global standards and uniform principles to ensure the technical and
operational interoperability of ATM systems and facilitate homogeneous and non-discriminatory global and
regional traffic flows

Participation by the ATM community

The ATM community should have acontinuousinvol vement in the planning, implementation, and operation
of the systemto ensurethat the evol ution of the global ATM system meetsthe expectations of the community.
The ATM community is more fully defined in Appendix A.

Predictability

Predictability refersto the ability of the airspace usersand ATM service providersto provide consistent and
dependable levels of performance. Predictability is essential to airspace users as they develop and operate
their schedules.

Safety

Safety isthe highest priority inaviation, and ATM playsanimportant part in ensuring overall aviation safety.
Uniform safety standards and risk and safety management practices should be applied systematically to the
ATM system. In implementing elements of the global aviation system, safety needs to be assessed against
appropriate criteria, and in accordance with appropriate and globally standardized safety management
processes and practices.

Security

Security refersto the protection against threats which stem from intentional (e.g. terrorism) or unintentional
(e.g. human error, natural disaster) acts affecting aircraft, people or installations on the ground. Adequate
security isamajor expectation of the ATM community and of citizens. The ATM system should therefore
contributeto security, andthe ATM system, aswell asATM related information, should be protected against
security threats. Security risk management should bal ance the needs of the members of the ATM community
who require access to the system, with the need to protect the ATM system. In the event of threatsto aircraft
or threats using aircraft, ATM shall provide responsible authorities with appropriate assistance and
information.
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APPENDIX E
EXPECTED BENEFITS
1 The operational concept presupposes that the ATM community will work together to

continually improve ATM performance, especially in relation to safety and in achieving the expectations of
the ATM community.

2. Improved safety management processes will ensure that safety performance remains the
highest priority. Business caseswill ensure efficient and cost-effective ATM devel opments and operations.
Collaborative decision-making and system-wide ATM information will enable airspace user participationin
balancing demands on the ATM system, thereby providing flexibility and predictability.

3. Specifically, these expected benefits include:

a)

b)

c)

d)

f)

9)

h)

)

K)

Appendix E

al airspace will be available as a useable resource resulting in improved access;
increased opportunity for user preferred trgjectories and, through community
cooperation, increased capacity;

improved surface management of the aerodrome will provide predictable departure and
gate-arrival times, thereby improving overall ATM system predictability and subsequent
capacity. In particular, improved runway design together with improved operational
procedures will increase capacity;

improved information exchange and cooperation within the ATM community will
maximize system capacity;

improved all westher operations will maintain maximum capacity;
the use of simulation, modelling and options evauation tools will alow various
management strategies to be considered and will provide flexibility in managing the

overall ATM system while accommodating airspace user preferences;

improved information on demand and system capabilitieswill prevent system overloads
ensuring manageabl e workloads;

management by tragjectory and the exchange of information between airspace users and
the ATM system will improve conflict management and facilitate user-preferred
trajectories;

using an extended conflict horizon and expanding the definition of hazards will enable
more stable user trajectories;

new separation modes will improve ATM capacity;

the provision of accredited quality assured and timely information will allow an
informed decision-making process; and

the ATM community will contribute to the protection of the environment by taking into
consideration the consequences of airspace activities.
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APPENDIX F

ATM SYSTEM PERFORMANCE

1. GENERAL

11 A key tenet of the operational concept is performance orientation. Appendix D set the
expectations of the users of ATM services. Chapter 2 defined the components that would be required to
satisfy these expectations. This appendix comprises two main parts:

a) it gives a special emphasis to safety and safety management, which are the primary
concern from concept inception and early design phases through to operations; and

b) it makes afirst attempt to link the performance of the components to the expectations
(including safety) through the concept of required total system performance (RTSP).
However, it must be realized that the concept of RTSPistill initsinfancy and requires
much morework beforereaching thelevel of maturity suitableto determineitsviability.

12 The ATM system performance requirements should aways be based on the key
understanding that the ATM system is the collective integration of services, humans, information, and
technology.

2. MANAGEMENT OF SAFETY

2.1 Introduction

211 Safety will remain the highest priority in aviation and the safety of air traffic will continue
to be the most important consideration in all phases of the life cycle of the ATM system, from concept,
through to design, development, operation and maintenance.

212 The system safety approach outlined below is holistic, applying across the spectrum of the
ATM system, wherethe systemwill be considered toinclude people, proceduresand technol ogiesperforming
specific tasks in a given environment.

2.1.3 The purpose of this section is not to define detailed ICAO requirements for safety
management systems. It is to provide the minimum description required to ensure that the holistic approach
will be an integral part of the concept and of the ensuing life cycle activities. It will be subsequently refined
as normative documents are produced. The acceptance of the ATM operational concept will be directly
related to the evidence that can be provided on the ability for ATM to operate safely within the context of the
operational concept.

214 The terms in this section may differ from other references. It is emphasized that the

characteristics listed below are essential to the concept and that only a sufficient application of these can
ensure safety requirements are actually met.
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2.2 System safety approach

221 Maximum effectiveness and efficiency of actions can be obtained by activities undertaken
in the early phases of any system’ s life cycle since correcting problems during requirements definition and
designis generally the most effective. The following diagram describes this process for the ATM system as
awhole. It describeshow, starting from the conceptual level and even during operation, different playersand
disciplines make decisions against different criteria— including safety. These decisionswill progressively
definethe ATM system (i.e. theway in whichiit is organized and in which people, procedures, technologies
and information interact to perform atask).

Replace diagram from Version SL 02/56 with
the following diagram:

SYSTEM SAFETY APPROACH

IDEA
v L N N

Decision Criteria

Nal
/
(o]

Players Disciplines

Salety
Opera tio,

Design

integrate across
Life Cycle Phase

Operation \ \ \ \
& Maintenancg/_/ /' _/

Manufacturers
Service Providers
Regulators
Human Factors
Air Traffic Control
Engineering

integrate across players, disciplines, decision criteria, people, procedures, technologies and information

® decision points

The system safety approach will ensure, in particular, that appropriate safety management
techniques are used at every decision point

222 Thisapproach stemsfromthefollowing reasonsthat ATM shareswith many other activities:

a) safety will not betheresult of individual system components, but rather of the working
together of those components as an integrated whole;

b) anumber of important past accidentsandincidentsacrossseveral industriesdemonstrate

that organizations as a whole will need to adopt this systematic and traceable way of
conducting safety business;

Appendix F



223

d)

APANPIRG/14-1P/3
A-49 Appendix

as accident rates diminish, the search for systemic causes will be increasingly difficult,
and acommon and systematic method will be necessary to build arobust framework for
anaysis,

as the pace and novelty of developments increase it will be neither sufficient nor
possible to rely solely on the application of codes built on past knowledge and
experience; and

current regulatory trends will recommend strongly the application of system safety
generdly, including inthe ATM domain. Thisisbecauseit will be a cost-effective way
to maintain effectual safety regulatory oversight, whilefacilitating the best exploitation
of innovative developments.

This approach implies, inter alia, the following:

a)

b)

d)

f)

al safety practices and processes will be explicit, and will comply with the safety
requirements and standards of ICAQ, State regulatory authorities and other appropriate
parties;

each element of the ATM system, wherever implemented (aircraft, ground, space, etc.)
will be subject to specific safety analysis, asanindividual element, and asacomponent
of the larger integrated system. The implementation of any element of the system will
be subject to appropriate safety assurance processes;

where a change to a system implies a departure from * currently approved operational
boundaries,” it will not be possible to determine a priori, without analysis, whether it
will impact safety or not. Therefore, for any change, a clearly defined and explicit
change management process will be used, supported by a safety case or equivalent,
including the analysis of all the necessary routine and foreseeable emergency
configurations,

clear accountabilities for all aspects of safety must be defined, and the roles and
responsibilities for the management and integration of system elements must be
explicitly stated. This includes clear definition of roles and responsibilities in the
application of the elements of the ATM system such as allocation of separation
responsibility, flow management, pilot responsibilities in various airspace, controller
coordination responsi bilities, system expectations, failure mode management and so on;

wheretarget levels of safety have been defined, they will form the basis for assessment
of therisk tolerability within asystem, or component of the system. Wheretarget levels
of safety have not been defined, contemporary safety principles or comparative studies
may be used, but will ensure global consistency;

the system safety approach will be applied across the entire ATM system. It will focus

particularly on ATM processes in relation to human factors and human machine
interfaces; and
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g) assessment and reviews will occur during the full life cycle, including during the
planning and implementation phases.
2.3 Levelsof safety

231 The acceptable or tolerablelevel of safety will be determined from the perception of safety
needs by the society and the international community. Acceptable safety will be related to the trust required
fromthe ATM system.
232 The target level of safety will be the minimum level of safety to be achieved in any case.
Possibly enforced by regulation, it will be equal to or better than the acceptable level of safety. The target

level of safety will be based on risk assessment and acceptance criteria.

233 The observed level of safety is that which will be measurable. The observed level could
produce results in a defined range without compromising acceptable and target levels of safety.

234 These levels of safety could be specified in qualitative and/or quantitative terms, often but
not exclusively viaindicators related to safety occurrences. Examples of the latter include:

a) amaximum probability of an undesirable event, such as collision, loss of separation or
runway incursion;

b) amaximum number of accidents per flight hour;
¢) amaximum number of incidents per aircraft movement; and

d) amaximum number of valid short-term conflict alerts (STCA) per aircraft movement.

2.3.5 Cadculating risk versus accepting risk

2351 In spite of all its complexity and limitations, calculating safety risk is a scientific activity
which attempts to achieve atrue measurement, but deciding on safety risk acceptability will involve avalue
judgement where consensus cannot always be reached easily as it calls on sociological perceptions, with
decisions generally made in the political domain. While utilitarian (i.e. cost-benefit) approaches could
contribute positively to the management of safety risk, they can cause legitimate disagreements on safety
matters. It will therefore be important to address safety with a clear distinction of the facts and the values.

2.3.6 Expressing risk, measuring safety performance, consistency
2361 Thedifferent ways of expressing risk and measuring saf ety performance, aswell asthe need

for consistency, will be of paramount importance in ascertaining levels of safety and constructing safety
Cases.
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2.3.7 Expressing risk

2371 There are anumber of ways of presenting risk and very significant conceptual differences
between them, (e.g. by flight hour, number of operations, time period, for a passenger, flight crew member
or the average citizen). It will be desirable to express risk in a stable manner that provides a reference over
aperiod of timein spite of system changes. The best way to expressrisk will depend on its acceptability by,
and distribution among, the population; on its costs, benefits and distribution; on the way it is managed and
communicated; and on how it evolves with traffic volume.

2.3.8 Measuring safety performance

2381 To satisfy specific requirements as part of the implementation of a safety management
system, ICAQ Contracting States have agreed to the collection, evaluation and review of safety-related data.

2.3.8.2 To maximizethebenefits, suchamajor task should takeinto account that simply “ measuring”
safety will not be an effective way to identify whether safety is satisfactory because it provides too little
evidence on the underlying causes and effects, and thus will have little value as a means to prevent future
accidents or serious incidents. A better approach will be to analyse the various causes. Their investigation
across many accidents and especially recorded incidents will allow the determination of:

a) therelative importance of the various causes,

b) the contribution by the various components of the ATM system;

c) thedeficienciesto be corrected;

d) amorerobust idea of the current and future safety situation; and

e) useful feedback from experience on the validity of risk mitigation measures.
2.3.83 The exchanging of safety information across organizations and States alows for effective
collective learning thus adding significant value to all parties.

2.3.9 Consistency

2391 The goal will be to develop a consistent approach that can be applied over time and across
segments of the industry for the purpose of making informative comparisons.

2.39.2 Therefore, asthe goal will beto prevent future accidents, investigations must be carried out
on multiple hierarchical levels including technical, human, organizational, and regulatory. Since
accident/incident models will influence what causes are ascribed and what countermeasures are taken, the
model itself will affect very significantly the preventive capabilities. Thus, causation/prevention models
should in particular:

a) bevalidated:;
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b) have good preventive value and link causes with ATM system components and actual
preventive measures at multiple hierarchical levels including technical, human,
organizational, and regulatory (i.e. a set of meaningful safety indicators which warn of
potentially deteriorating situations);

C) useobjective, accredited and quality-assured datain sufficient number. Thiswill be of
utmost importance to ensure correct analysis conclusions; and

d) encourage the reporting of objective data.

2.393 Appropriate models(e.g. causation/prevention model s) and acceptability criteria(e.g. safety
risk (severity/frequency)) will be applied in a consistent manner and supported by quality assurance
principles within the States' area of responsibility. Their consistent application, over the widest possible
geographical areaand period, will multiply dramatically the value of the information collected. Thus, asthe
new ATM concept is adopted globally, the regional sharing of models, criteriaand datawill become a pre-
requisite for further improvements in safety and will likely be supported by ICAO.

2.4 1CAOQO Universal Safety Oversight Programme

241 The uniform application of ICAO Standards and Recommended Practices (SARPs) are
recogni zed respectively asnecessary and desirablefor the safety and regul arity of international air navigation.
As signatories to the Convention, States have agreed to respectively comply and endeavour to comply with
them.

24.2 Compliancewith ICAO SARPsand PANSwill be oneelement in the management of safety.

24.3 The ICAO Universal Safety Oversight Programme incorporates as its core function safety
oversight assessment(s) of States by ICAO, on amandatory basis, with the objective of offering follow-up
advice and technical assistance as necessary to enable States to implement ICAO SARPs and associated
procedures (ICAO Safety Oversight Assessment Handbook). The programme also covers ATM.

244 The ICAO Universal Safety Oversight Programme is consistent with the system safety
approachinthat it usesbefore-the-fact systematic management tools(i.e. audits) during the“ operationa” life
of the SARPs to manage the exposure to risk presented by potential non-compliance. However, the ICAO
Universal Safety Oversight Programmeis only part of system safety.
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2.5 Measuring performance, and the concept of Required Total System Performance (RTSP)

25.1 Background
2511 In any system, it is necessary to set and measure performance outcomes to:

a) design, develop, operate and maintain a system that can meet the expectations of its
users,

b) determine that the system is operating in accordance with its design; and

¢) determinewhen and where actionisto betaken to enhance performancelevelswhenthe
system is not meeting, or is predicted not to meet, expectations.

2512 Thisisalso applicabletothe ATM system, whichischaracterized by havingto meet stringent
minimum levels of performance and by the overriding consideration of safety.

2.5.2 From expectations to performance targets

2521 Atthehighest level, expectations correspond to an external perception of air transport by the
travelling public and the society, and, after proper analysis, can also be expressed as the external perception
of ATM by the ATM community. These expectations apply to the entire ATM system.

2522 A distinction would be made between the general description of aparticular expectation, e.g.
to have asafe system, and amore objective way of measuring itsactual or forecast levelsand comparing them
tolevelsto beachieved. Itiscritically important to realize that, even today, there is always aneed to balance
Expectations agai nst each other and against thelikelihood to be ableto realiseasystem that can achievethem.

2523 Performance measurements would need to be pragmatic and recognize contemporary
practice. The definition of the most appropriate measuresisadelicateissue. Nevertheless, thisisabasic task
to make user expectations clear and be able to verify that concepts and planned services can meet them.

2524 It may well bethat Expectation levelswill vary over time. At thelevel of thisconcept which
is primarily focussed on the situation to be achieved in around 2025, Expectations should be defined and
considered for that time horizon and used to challenge concept statements and proposed features, and as a
yardstick for a first validation. The expectation levels to be set by Regions and States for actual
implementation may differ from those used to prepare the global concept, while contributing to ensure the
global cohesion. These may also vary asafunction of time depending on the volume of aviation activity and
the enhancement of ATM services.

2525 The Expectationsare not independent. For exampl e, therewill alwaysbe conflictsof interest
between individual airspace usersfor accessto the same airspace/runway at the sametime, and the economic
impact of meeting all needs may trand ate into unrealistic costs. Trade-offsare, therefore, necessary between
Expectations. However, safety isalwaysthe highest priority in aviation. Therefore, oncethe acceptablelevel
of safety has been established, it is not subject to trade-offs.

Appendix F



APANPIRG/14-1P/3
Appendix A-54

2.5.3 Measurement of performance

2531 Careshould betaken that the metricsfaithfully reflect the nature of the expectations. Metrics
should be measurable directly by the ATM Community and should be SMART (specific, measurable,
accurate, reliable and timely).

2532 It will be critical that the metrics be applied uniformly across the total system. That is, that
in aseries of linked systems — regions, homogeneous aress, etc. — they will be the same, while the actual
required level of performance may be variable.

2.5.4 Meeting performance requirements

254.1 The ATM System is complex and its behaviour is characterised by a collection of metrics
with varying properties (e.g. statistical vs. deterministic, range vs. binary, lag vs. lead, etc.).

2542 Therefore, temporary aberrationsin performance do not necessarily mean that the systemis
intrinsically unsafe, uneconomic, inefficient, etc. It can mean that the system is circumstantially not being
operated correctly, or that further improvement isrequired. Asan example, accidents or incidents may occur
not directly as aresult of atotal misconception or inadequacy of the system, but as a result of operating a
system element incorrectly. Thisis the source of a significant proportion of the recorded fatal accidentsin
aviation.

2543 Regulators, service providersand service users may choose, for instance, to attack the saf ety
problem at several layers, and arrive at, or agree on a set of values that should not be breached, either in
isolation or ssimultaneousdly. It is this, among other things, which would determine the usefulness of the
metrics. Without these preset limits, there may be a “self justification mode” allowing limits to dlide.
Therefore any performance management system must not only set rules for performance measurement, but
aso for performance maintenance, performance management and performance enhancement. In relation to
performance assessment, the difference shoul d be made between thelevel sto be achieved and the monitoring
of its achievement, which may lead to specific actionsin the case of observed non-compliance.

255 RASP and RTSPin perspective

2551 The distinction would be made between the notion of external performance (outcome) to
which corresponds the expectations and the internal performance (output) that relates to the functionality of
ATM componentsasthey contribute and deliver collectively therequired levels of the externa performance.
The requirements for the former would be expressed as aRequired ATM System Performance (RASP), and
for thelater asaRequired Total System Performance (RTSP).By contrast with the expectations, RTSPwould
addressaninternal perception: what functionality of which quality ATM services, infrastructure, procedures,
systemsand resources should have and/or aircraft and crews should meet (i.e. impact ontherequired airborne
equipment and crew qualification). If properly implemented and used through the actions of all ATM
Community members, achieving RTSP would allow delivery of the RASP.

255.2 RTSP would incorporate al system capability aspects. It has been historically seen as a

compound of required communication, surveillance or navigation performance, for the communication,
surveillance and navigation parts, but the proposed definition differs significantly from that view. The
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following aspects would seem important (subject to confirmation by subsequent work): ATM Services and
information requiredinagiven airspace, theinteroperability of systemsand procedures, and theinterfacewith
human operators and associated procedures.

2553 Thefigurebelow illustrates apotential hierarchy of performance requirements. It showsthe
transition from RASP to RTSP and then to individual enabling systems and ultimately technologies. It also
shows that each transition from one layer to the next would imply changing the nature of the discussion and
of the proposed solutions, and a change in representation and level of abstraction. One would migrate from
expectations to services by defining services that contribute to RASP. Individual enabling systems, like
communications, would servegenerally several services. Candidatetechnol ogieswould be practical solutions
to realise a particular enabling system.

2554 Thefigure is asimple expression of amore complex reality of interactions that have to be
considered when addressing ATM performance and trying to achieve requirements with actual systems.

Layered Performance Concepts

Expectations: RASP |

ATM component functionality: RTSP

Systems:

Technologies: m ﬂ

| Descriptive criteria, metrics

Denotes a change in representation / level of abstraction

2.5.6 Expressing and selecting an RTSP
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256.1 The RTSP for a given airspace would be defined by considering the most demanding
characteristics of the components for that airspace. This would be accomplished by taking into account the
different flight phases, homogenous and routing areas, and traffic density and pattern, aswell asthe effects
of particular environments or situations.

2.5.6.2 Neverthel ess, the sel ection of aparticul ar operational concept featurefor the consideredtime
horizon would not be totally independent from the availability of adequate technical solutions. In addition,
it should not lead to radically different solutions for different traffic/geographical environments. In other
words, thedetermination of RASPand RT SPisnot ablind top-down processignoring subjacent technol ogies,
and there is a need for interaction between designers of the overall ATM concept and of its more detailed
components.

2.5.6.3 ATM can beviewed asaseries of layers, from strategic planning to tactical real-time action,
which involve various components applied as successivefiltersto ensure that traffic is safely managed. The
layers progressively approach real time decisions, requiring increasing accuracy and critical data. Conflict
management, along with the tactical aspects of aircraft navigation and flight management, carry the most
stringent requirements and would likely drive the RTSP.

25.6.4 RTSPwould be expressed as a specific combination of component requirements that would
be individually addressed and determined by input from relevant groups or panels and whose collective
ability to deliver the expectations should be validated by suitable means.

2.5.7 Elements of the RTSP
General

2571 The exact services to be provided will remain a national/provider issue. The service level
should be adapted to the needs of the users. A commercial passenger airline does not necessarily have the
same requirements as ahang glider pilot. So, several servicelevel agreement levels (e.g. ranging from those
for commercial airliner to those for uncontrolled air activity) could be defined.

25.7.2 Although not all aspects of ATM would necessarily be subject to common requirement on
awide scale, there would nevertheless be a minimum set of characteristics that would have to be specified,
in particular as they impact on the ability to satisfy the various Expectations. For example, to ensure that
continually changing flight and service provider crews, easily and routinely satisfy Interoperability and Safety
expectations, common operational procedures would need to be implemented globally. To satisfy
Interoperability, systemswould need to be standardised globally at afunctional level; but to simultaneously
maximize Cost Effectiveness, they would need to be standardised also at technological one.

2573 The following potential aspects, inter alia, could be the subjects of required performance:
a) safe separation minima;

b) ATM serviceddivery time: Thetimelinessof itsdelivery, and the effectiveness of what
is provided, gauge the performance of an ATM service;
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strategies for demand and capacity balancing and traffic synchronisation in a given
airspace (level of service integration for demand and capacity balancing; strategies to
handle network effects);

level of integration of information management service; it is probable that a required
information performance could be defined;

quality of meteorological data;
airspace types; need to provide which ground ATM services;
data services/applications for air-ground exchanges;

flight notification conditions/processes: use of airspace, central or multipleaddressesfor
flight notification filing, required advanced notice, data quality.

flexibility of the system (e.g. reaction to weather);

coordination levels (ground-ground), with flight data to be exchanged and ground-
ground communications;

possibility to make use of area navigation capabilities; possibility to use user preferred
routing; rules for national interest airspace constraint;

procedures, e.g. speed stability or use of time (4-D) in ATM;

human performance. Humans within the ATM system must demonstrate appropriate
competence at all levels. Such competence should continuously be monitored and
frequently tested, and competence regimes should be established sufficient to provide
an assurance of human performance. A ppropriate mechanisms may include licensing,
certificates of competence, technical qualification, training certificates or similar.

automation and human machineinterface: aminimum level of interoperability would be
defined to ensure the smooth flow of traffic;

automated functions such as. multi-radar tracking, correlation of radar track and flight
plan, distribution of strips, automated co-ordination between sectorsor between centres.

navigation service: navigation performance may specify certain horizontal navigation

accuracy. There may be other aspectsto specify, e.g. the definition of turnsfor accurate
navigation, which take high importance in terminal airspace, the accuracy of height

keeping, etc;

environmental requirement compliance.
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2.5.8 Nominal versus degraded modes

2581 Thisisanother potential subject of required performance. Theoperation of ATM when apart
of its services is in a degraded mode would have to be considered carefully. Degraded modes should be
identified and analysed to determine how the individual services possibly need to be adapted or reconfigured
and how to mitigate the degradation. This would have an impact on the RTSP. For example, by addressing
aternative conceptsin case separation provision isdegraded fromits nominal mode. The system architecture
and system design play here avital role to maximize the proportion of operation time whereit ispossibleto
meet nominal performance requirements, in particular through considerations of system degradations,
redundancy and system design features (e.g. defences against cascade and common mode failure).
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APPENDIX G

EVOLUTION TO THE OPERATIONAL CONCEPT

1. INTRODUCTION

11 Within the planning horizon, it isexpected that all Statesand regionswill evolvetheir ATM
systems to meet the balanced expectations of users within the framework of this operational concept. The
migration to the concept obj ectiveswill beevolutionary, and will involvedifferent levelsof emphasison each
of the concept components by States or regions to meet immediate or intermediate objectives, based on
specific user requirements at the time. This section provides guidance on the migration process.

12 The operational concept is adaptable to the operational environment of all States or regions
by being scalable to meet their specific needs. One State or region, or a specific area or location within a
State, may have an immediate imperative to improve safety, while another State or region may have an
immediateimperativetoimproveefficiency. Theavailable ATM system componentsand servicesaredetailed
in Chapter 2 and the performance framework that encompasses their particular ATM system is defined in
Appendix F.

13 States or regions cannot combine or implement the componentsin anon-standardized way.
The concept components should be seen as fixed and standardized; each must be considered within asystem
design, but the weighting or desired “ outcome contribution” of each may differ.

14 The concept was developed recognizing that solutions may vary from State-to-State or
region-to-region. WithinaState, localized requirements, inter alia, massrotary wing operations, spacelaunch
areas etc. may predicate changesin emphasisinthe ATM system within that area. In all cases, however, the
solutions must be interoperable.

15 Theabjectivethroughout the evol ution to the concept objectiveisto constantly consider that
target when planning each evolutionary change. A strategic planning processthat identifiesthe stepsthat are
required to get to the concept achievesthis.

16 The key issue isto eliminate, to the maximum extent possible, the need for duplication of
ATM functionality within aircraft and/or ground systems. The solutions chosen by a State or region need not
betechnologically complex. Simplesolutions, inter alia, changesto airspace organi zation and management,
alignment of procedures, or strategic adjustment to flight schedules, etc. may achieve significant benefit in
some States or regions. Others may require high levels of automation and technology.
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2. USING THE CONCEPT COMPONENTS

21 Theintegration of the concept components can be balanced to achieve different expectation
outcomes.
22 A useful conceptual diagram, based on the principle of scalable response, is shown below

(G-1). The diagram illustrates the framework within which the “outcome contribution” of each concept
component is determined. It also illustrates that the range of responses using the seven concept components
is variable over awide range, to achieve desired outcomes.

Safety Case

Information Rich

Environment
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Business Case There isaminimum
“size”, driven by
minimum safety levels.
Figure G-1. “ Scalable response”
23 The size of the box in the diagram is determined by safety and business cases as well as by

user expectationsand required ATM system performance. It is reasonabl e that user expectationswill remain
somewhat constant particularly, when considering the concept objectives. Safety case and required ATM
system performance analysiswill present arange of potential solutions. Crosss:ATM community cost/benefit
analysis and business case — and the need for interoperability, will ultimately drive the chosen solutionin
any given State or region.

24 The"bubbles’ inthediagram represent the standard concept components. Their relativesizes
represent the degree of emphasis that is assigned to each component at a planning point in order to achieve
adesired outcome.

25 All concept components must be present in each State or region's ATM system to some
degree. That isnot to say that any particular component will be used as amajor contributor to outcomein a
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particular State or region, or that agreat deal of automation or technology will be required to deliver against
that component; however, they must be considered at each evolutionary stage.

2.6 Thereisafurther constraint. Safety can never fall below minimum accepted levels. Infact,
it should be argued that any changeto the ATM system for an outcome not directly aimed at enhancing safety
should, nonetheless, strive to achieveits net increase. Thisisillustrated in Figure G-2 below.

Efficiency, economy
Safety_ or other desired
emphasis outcome
- Strive to open this
® ® <4— gaplie ALARP
Minimum process, etc]
acceptable
level of safety
Figure G-2. Safety balance model
2.7 The safety balance model indicates that on the whole, the system needs to retain a safety

tension; that is, notwithstanding having achieved an acceptable level of safety, al members of the ATM
community must continually explore ways to improve safety.

3. PLANNING APPLICATION
31 Thefunctionality of the components cannot change; however, the degree of emphasisplaced
on the use of those components at any particular time in any given States or regions implementation can
change. The “ scalable response” approach provides amodel that allows various States or regions to adjust

and test the effectiveness of changing the degree of emphasis placed on any of the concept components.

3.2 The result is uniform application of concept components between States or regions thus
facilitating harmonization and interoperability.
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3.3 Figure G-3, below, illustrates a global implementation, at some point in the evolution to
2025.

Component A

Component A

Region A Region B

I nitial Use of Components

N

Component A

Component E Component B

Region A <4+—> Region B

Regional Harmonization

Figure G-3. Global integration

34 A key issueto be considered is the need to ensure that the outcome objective of a particular
State or region does not impact on the overall objective of a seamless, globally interoperable ATM system.
Therearetwo keysto solving thispotential issue. Thefirst isensuring that the* building blocks” (the concept
components) are applied uniformly. The second is collaborative decision-making within an information rich
environment.

35 Duringtheevolutiontotheconcept, aircraft will necessarily transit between Statesor regions,
where desired outcomes differ, and therefore the emphasis on concept componentsdiffers. In order to ensure
that they can operate seamlessly, the global ATM system needs to be networked into an information rich
environment, facilitating the uniform application of the concept components from region to region, and
interoperability. Thisisillustrated in Figure G-4 below.

Appendix G



APANPIRG/14-1P/3
A-63 Appendix

Information Rich Environment
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Figure G-4. Network

3.6 The benefit of this approach is that each State or region can assess its current state of
development and assesswhich focuswill achieve the best evol utionary outcome—i.e. it allowsthe mapping
of atransition strategy.

3.7 The planning framework to determine the required outcomesfor a particular State or region
in moving towards the concept goal are more complex than current planning processes. They require alevel
of strategic collaborative decision-making by all of the partners in an open and collaborative environment.
The cost/benefit analysis and business case process will expose areas where resources may not currently be
applied to the maximum benefit of the current ATM system.

3.8 Thesafety caseprocesswill expose pointsof weaknessin the systemthat may requirechange
to the desired outcome, and a change of emphasis, for instance, from economy to safety.

3.9 The current framework of planning and implementation regional groups (PIRGS) requires
business case and cost/benefit analysis processes to be applied. ICAO has devel oped appropriate guidance
material in this regard. This must be complemented by a system safety approach.
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APPENDIX H

PLANNING

1. INTRODUCTION

11 This appendix describes the relationship between the operational concept and the planning
process. The planning process at the global, regional and national levels should provide a well-understood,
manageabl e and cost-effective sequence of improvements that keeps pace with user needs, culminatingin a
system meeting safety, capacity, efficiency and environmental demands.

12 The ATM operational concept provides the basis from which the ATM operational
regquirements, objectives and benefitswill be derived, thereby providing the foundation for the devel opment
of regiona and national ATM implementation plans. This appendix addresses all three levels of planning:
global, regional and national, al of which must be adequately addressed and integrated in support of a
seamless, global ATM system.

2. FORECASTING

21 Planning for theimplementation of ATM systemsmust beginwith athorough understanding
of the requirements of the users of the system. Accurate forecasts of civil aviation activity must therefore be
developed in order to support air navigation systems planning activities. In addition to understanding user
requirements, investment in new systems requires convincing data to sustain the validity of any proposals
associated with that investment. Forecasting in support of ATM planning therefore involves assessment of
future trends in aircraft movements, passenger and freight traffic.

3. PLANNING STRUCTURE

31 Planning takes place at global, regional and national levels. Planning is accomplished with
the help of planning tools and methodologies that are used primarily at the regional and national levels
conditioned by guidancefromtheglobal level. Thebasisfor effective ATM planning isthe ATM operational
concept, which should support the devel opment of regional and national ATM implementation plansthat will
support systems architectures.

4. GLOBAL PLANNING

41 The operational concept describes the future ATM services that will be considered in the
further development of the Global Plan that reflects the evolution of system requirements. The operational
concept will also be used asafoundation for the further devel opment of SARPsand | CA O guidance material
in the technical and operational fields.
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4.2 Regional planning

4.2.1 The Regional Air Navigation Plans set forth the requirements for facilities and services to
support international air navigation. The operational concept will form the basis of regional air navigation
planning. It is here that the top-down approach, comprising of global guidance and regional harmonization
measures, merges with the bottom-up approach consisting of system architecture and i mplementation plans
of States and aircraft operators.

4.3 National planning

431 While ICAO addresses the planning strategy at the global and regional levels, planning at
the national level isthe responsibility of the States. National planning documents should be devel oped by
each State. These may include national system architectures and ATM implementation plans. In addition to
describing domestic requirementsand i mplementation plans, national plansshould al so meet theinternational
requirements as prescribed in the regional plans.

5. PLANNING FOR IMPLEMENTATION

51 Itisconsidered that planning could best beachievedif it wereorganized based on ATM areas
of common requirementsand interest, taking into account traffic density and level of sophistication required.
Asapre-requisiteto developing an ATM plan, itistherefore necessary to identify specific planning areason
the basis of homogeneous ATM areas or mgjor traffic flows/routing areas. This would be followed by an
operational analysis and the identification of ATM objectives for those areas, using the operational concept
asthebasis. Theresultsof thiseffort should lead to alogical set of infrastructure requirementsto support the
ATM objectives identified.

6. OPERATIONAL ANALYSIS

6.1 An operational analysisisanecessary part of ATM implementation planning and culminates
in the identification of the operational requirements and, by establishing criteriato rate alternatives against,
leads to the selection of a solution which should be the most effective in fulfilling the ATM objectives as
defined inthe operational concept. A method for conducting an operational analysisisdescribedinthe Global
Plan. When evaluating potential improvements to the global ATM system, appropriate aternative analyses
should be completed when selecting the optimum approach to improve the ATM system.

7. PLANNING PROCESS

7.1 A complete planning process begins with an operational analysis that identifies the
weaknesses and/or opportunities in relation to the present system, followed by development of a strategy
containing the high level objectives of the desired system. An operational concept would then provide the
basisfor development of more specific objectives and a system architecture would identify the technologies
and modes of operation of the system to be built to meet the stated objectives. The architecturewill form part
of an ATM implementation plan.
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8. GENERAL TRANSITION ISSUES

8.1 As stated above, the migration from the present system to the more advanced ATM systems
is based on technologies that should be carefully planned. Assurance is needed at each step that continued
levels of safety would be maintained — and improved upon where necessary. The demonstrated capabilities
of new systems must be made clear to the members of the ATM community that must make investmentsin
new systems so that they would be encouraged to make the necessary investmentsto equip their fleets, or to
install the necessary infrastructure at the earliest opportunities.

Appendix H



APANPIRG/14-1P/3
A-67 Appendix

APPENDIX |

ILLUSTRATIONS OF THE CONCEPT

1. INTRODUCTION

11 In order to assist understanding the operational concept, some explanations and examples
are provided in this appendix to illustrate what air traffic management may evolve to.

12 Theseillustrations are not meant to constrain the vision to one particular interpretation but
rather provide examples of possibleinterpretations of the concept. Further examples are being prepared and
will be distributed separately.

13 Theconcept requiresintegration of all concept componentswithinthe operating environment
of each region, acknowledging that regionswill apply different emphasisto concept componentsto achieve
the desired outcomes. To assist understanding of each component, individual component illustrations have
been provided. Additional illustrations, such as on collaborative decision making, are also provided.

14 The operational concept presentsavision for the future ATM system that is not constrained
by current technology. Transition to that vision is intended as an evolutionary process.

2. ILLUSTRATION: AIRSPACE ORGANIZATION AND MANAGEMENT

21 Airspace organization and management will be dynamic, flexible and increasingly tactical
in application.
22 Airspace organi zation and management requires close collaboration between airspace users,

the airspace organization and management service provider and other ATM service providers, to ensure, to
the maximum extent possible, equity and access. Strategic airspace organization and management relieson
pragmaticidentification by usersof their specific requirements, so that constraints or requirementsfor theuse
of any particular airspace volume can be minimized. Restrictions on user operations are only imposed when
safety requires, or the ATM community agrees that certain procedures are appropriate for efficiency of the
ATM system, or a State identifies a particular national interest. Once the circumstances generating a
requirement for constraints or requirements cease, the airspace restrictions will be released.

23 In order to ensure that thelevel of constraintsonthe ATM system imposed through airspace
management are kept to aminimum, awareness of activitieswithinall airspaceisrequired as part of on-going
monitoring, and adjustments to airspace organization and management are made asrequired. Inthissenseall
airspace is monitored, but to an appropriate level as determined by safety assessment within a safety
management program. Monitoring takes place in a number of ways. It can occur in advance of activity,
inter alia, by assessment of flight schedules or statements of intent, discussionswith potential airspace users,
or notification by States of national interest requirements. It can occur dynamically, through co-monitoring
(with other service providers) of tactical surveillance data. It can also occur post-activity, by assessment of
actually flown flight trajectories, with the intent of refining airspace organization and management
techniques.
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24 Airspace will ideally be organized and managed in such away asto facilitate the use of full
self-separation and autonomous flight unless safety or efficiency assessment requires the provision of
separation services. This must be achieved in conjunction with, or anticipation of, demand and capacity
balancing techniques, to ensure that the potential for aircraft-to-hazard conflict is reduced to alevel where
such self-separation is expected to be able to be conducted to an accepted level of safety.

25 Techniques may include, inter alia, the promulgation of fixed or dynamic segregated
departure and arrival tracks to aerodromes, the implementation of segregated fixed or dynamic route
structures, the implementation of dynamic 4-D tragjectory systems, the coordination of hours of activity of
national interest airspace constraints, and so on. It may also include the promulgation of certain user
requirements — such as minimum capabilities, or hours of access — to mitigate risk. A primary tenet,
however, must be that any such restriction or constraint, where possible or practicable, should be transient,
and other users should be accommodated when the constraints are no longer required, or the levels of risk
alow.

2.6 The ATM system is subject to a number of uncontrollable or unpredictable events that can
affect ATM. In particular, weather and natural phenomenon, including linesof thunderstorms, standing waves
and clear air turbulence, snow on runways, volcanic ash, and so on, will continue to have significant
conseguences on user operations. Airspace organization and management service providerswill react tothese
uncontrollable events by redistribution or re-organi zation of airspace to maintain maximum efficiency. This
is an example of tactical airspace organization and management.

3. ILLUSTRATION: AERODROME OPERATIONS

31 In order to comprehensively consider the role of aerodrome operations within the ATM
system, aerodrome operations will be considered from an en-route to en-route perspective.

3.2 Constraintson flights moving from the runway to the parking location, and from the parking
location to the runway are minimized. System enhancements to minimize constraints include:

a) enhancement of communication capabilitiesto airspace users at an increasing number
of airports improves information exchange and coordination activities, and increased
collaboration and information sharing between airspace users and service providers
creates amore realistic picture of aerodrome departure and arrival demand;

b) automation aids for dynamic planning of surface movements provide methods and
incentives for collaborative problem solving by airspace users and service providers.
Thisimproves the management of excess demand through balanced taxiway usage and
improved sequencing of aircraft to the departure threshold. In addition, support tools
permit the optimization of take-off points aong the runway, by accessing information
on aircraft performance capabilities such as required take-off distance, and climb-out
capabilities. Thisalso appliesin the case of arriving aircraft, allowing exit points from
arunway to be accurately predicted, or reaistically assigned.

C) integration of surface automation with departure and arrival automation facilitates the
coordination of all surface activities. Runway and taxiway assignments are based on
projected arrival/departurerunway |oading and surface congestion, airspace user runway
preference and parking location. Environmental considerations, such asnoise abatement
or emission minimization, will also be taken into account to the extent that safety isnot

Appendix |



APANPIRG/14-1P/3
A-69 Appendix

compromised. Arrival runway and taxiway assignments are planned early inthe arrival
phase of flight. Departure assignments are made when the flight profile is filed, and
updated accordingly until the time of pushback.

d) surveillance and guidance systems for greater situation awareness that permit full
capacity operations in all weather conditions.

3.3 The ATM environment is increasingly integrated as surface-movement decision support
systems provide real time datato the ATM environment-wide information system. When the aircraft starts
moving, the flight’s time-based trgjectory is updated in the ATM environment-wide information system,
based on the estimated taxi time at the airport under prevailing traffic conditions. When the aircraft becomes
airborne, this trgjectory is again updated. This continuous updating of the flight object improves real-time
planning for both the airspace user and the service provider. Real-time information also improves the
effectiveness of ongoing traffic management initiatives and the coll aborative decision making involved with
any proposed initiatives.

34 Surface-movement decision support systems are also an integral part of the total ATM
environment automation system. This ensures that surface initiatives and user preferences are not at
cross-purposeswithinformation being generated by airspace automation systems. Thus, runway assignments
in departure and arrival automation are based not only on the location of the assigned parking location, but
a so on the surface automation’ s prediction of congestion and the related taxi plan. For departures, taxi time
updates and the associated estimates included in the taxi plan are coordinated automatically with airspace
automation to efficiently sequence ground traffic to match projected traffic flowsal oft. Conflict management
on the airport surface benefits from increased information to improve situation awareness, support taxi
planning, and improve ramp management to match surface movement with the departure and arrival phases
of flight.

35 Taxi planning is significantly improved through timely availability of traffic activity
information. Astheaircraft preparesto taxi, decision support systems are used to determinetaxi sequencing,
and to perform conformance monitoring and conflict checking. Sincethisautomated planning process shares
information with the surface situation monitoring systems, the resulting taxi plan balances the efficiency of
the movement with the probability it can be executed without change.

3.6 For departures, the decision support system incorporatesdeparturetimes, aircraft type, wake
turbulence criteria, and departure routesto safely and efficiently sequence aircraft to the departure threshold.
For arrivals, the decision support system considers the intended parking location to minimizetaxi time after
landing. Additionally, improved knowledge of aircraft intent allows automatic monitoring of taxi plan
execution and provides alerts to the potential for runway incursion.

4. 1LLUSTRATION: DEMAND AND CAPACITY BALANCING

4.1 Collaborative ATM system design and implementation will provide an agreed system
capacity level. Available capacity will vary due to several factors including uncontrollable events, for
example weather-related turbulence.

4.2 Demand and capacity balancing actions, aimed at ensuring safety, equity and accesswill be
acollaborative decision making processin which the collection, collation and analysis of datato produce an
accurate picture of the demandsand constraintsthat will affect any particul ar airspace volumewill beginlong
before the day of operations. The degree of automation or sophistication required in the processes would
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reflect the performance requirements or expectations of a particular volume. A series of optimized airspace
structures and forecast traffic models for the entire usable airspace volume may be required. In these plans,
the allocation of airspace will be balanced between the needs of particular users, including, inter alia,
commercial, general and military aviation.

4.3 In any particular environment, the planning processes may be divided into three major
phases:
a) dtrategic planning — involving the long-term activities to produce a coordinated
strategic plan of demand and capacity up to (or in some cases more than) one year in
advance;

b) pre-tactical planning— involving themodification of the coordinated strategic plan; and
¢) tactical planning — involving final modificationsto the plan.

4.4 In some environments, the volume and complexity of datato be processed so asto produce
the operations planswoul d require the support of advanced decision support systems, aiding the devel opment
of plansat each level. Other environments may be assessed manually on the basis of operational experience,
or onthebasisof historical analysis. In either case, the resultswould be availableto all affected partnersand
would contribute to transparent negotiation and agreement. Data on planned flights, the weather, ATM
capacities and capabilities would come from many sourcesin and beyond the affected airspace volume, and
would need to be collected, collated and analysed to provide the refined data needed to build up the analysis
or simulationlayerssupporting each planning phase. That analysiswould then be ableto determinetheeffects
of any proposed changes on the safety, capacity and efficiency of the system and then to assist the planners
in modifying the plans to resolve any problems.

45 Strategic planning

45.1 Thestrategic planning phase could commence at any timein advance of aparticular airspace
activity. Whilst full scheduleinformation might not be known until some monthsor weeksbeforeaparticular
flight, certain dataisavailable many yearsin advance, and aidsin pre-planning. Thiscouldinclude, inter alia,
historic demand from schedul ed and non-schedul ed flights, airspace availability or constraints, ATM resource
availability (capabilities and capacity estimations) and the impact of operational changes (new procedures,
new standards, ATM and airport facilities avail ability, approximate estimates on the weather conditions for
the season and estimations of likely business and other non-forecast airspace users demands. Thisdata could
be used to aid airspace organization and management processes. In this sense, airspace organization and
management could be engaged as a strategic demand and capacity balancing tool by adjusting capacity.

452 The main benefit to be gained through a strategic planning phase isthat processeswould be
improved, developing from atactical or reactive system to one which would be strategic or proactive, and
oneinwhich predictability would beimproved and which would allow the maximum possibleflexibility and
economy of operations for the user in normal conditions. Procedures would be established to best suit the
traffic flows and to assist traffic separation by the creation of discrete system trajectories which would be
re-configurable in line with the different demands on airspace at different times of the day and night. ATM
may be required to establish airspace management regimesand route structuresto maintain or improve saf ety
levels, capacity and efficiency in the use of airspace and of runways.
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4.6 Pre-tactical planning

4.6.1 During the pre-tactical phase, data received from all users and service providers, such as
confirmations, modifications, cancellations and additions, that could affect the plan, would be received,
analysed and incorporated. The plans developed in the strategic planning phase would be progressively
refined and expanded, taking into account user preferences for flexibility, punctuality or service quality
regquirements. The planswould provide aframework that gives agood forecast of the traffic demand and the
users capabilities and resolves conflicts of interest between those parties and user groups that plan their
activities up to yearsin advance. At the same time, the plans also estimate the reserve capacity and airspace
needed for those airspace users who, due to the tactical nature of their operations, cannot plan well in
advance. In addition, the plans sets the rules and parameters, which broadly outline everyone's access to
airspace, routesand airports, and provides estimates on thereserve capacity that may beneeded for eachday’ s
traffic situation.

4.6.2 In some environments, the plans may be published and further developed into regional,
hour-by-hour, plansthat arefinalized and promul gated at an agreed time before operation. The plans contain,
for example, statements of flight intent, airspace regimes and reservations plans, route configuration plans
and service provider service limitations, capabilities and capacities. In other environments, plans would be
developed on aless formal basis, but with the same intent of better matching capabilities with demand and

capacity.

4.7 Tactical planning

4.7.1 At some stage prior to the flight, the user would have determined the flight trajectory that
will best address the user’s operation and would submit the user requested trgjectory to the demand and
capacity balancing service provider for assessment and agreement. The tactical planning phase examines a
flight request to seeif it isacceptable or if there are any potential resource, capacity or congestion problems
of which the user was unaware. If there were problems, demand and capacity balancing would identify user-
preferred solutions, giving the user the freedom to choose the most optimum flight within the system
constraints. If however, safety levels or equity might be compromised, protocolswould establish the demand
and capacity balancing service asthe final arbiter in the determination of system delivered trajectory.

4.7.2 Real-time information, such as the weather forecasts, traffic demand and airspace
reservations, would be used on a continuous basis to predict en-route and terminal capacity and traffic
densities for the remainder of the day, update the hour-by-hour forecast of local capacity bottlenecks
throughout theregion(s), and assesstheimpact on the compl eteflight trajectory of individual flights(i.e. from
gate-to-gate).

5. ILLUSTRATION: TRAFFIC SYNCHRONIZATION

51 Traffic synchronization isthe establishment and mai ntenance of asafe, orderly and efficient
flow of air traffic in all phases of flight.

5.2 Inthedeparture phase of flight, traffic synchronization involvestheintegration of departures
into theairbornetraffic environment. Improved departure flows are achi eved through tool sthat provide more
efficient airport surface operations and improved real time assessment of traffic activity in departure and en
route airspace.
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53 In the en-route phase of flight, traffic synchronization involves the sequencing, integration
and spacing of en-route flows, to reduce reliance on tactical conflict management. Improved flow sequences
are achieved through tool s that provide more efficient prediction of demand and capacity at crossing points,
improved real time assessment of traffic activity in departure arrival airspace, increased usage of airborne
eguipage to maintain group spacing or station keeping, and expanded usage of dynamic routes based on the
use of enhanced navigation capabilities.

54 Arrival operations also benefit from these tools, however the primary task in this phaseisto
plan and achieve optimum spacing and sequencing of the arrival flow. The runway assignment, which
providesthe basisfor this activity, ismade as early as possible. The user’ srunway assignment preferenceis
available through the flight object within the ATM environment information system. Departure and arrival
decision support systems and the integrated surface management tools are used to coordinate an optimal
runway assignment.

55 In the final portion of the arrival phase, decision support systems facilitate the use of
time-based metering to maximize airspace and airport capacity. Other tools generate advisories to aid in
manoeuvring flights onto the final approach in accordance with the planned traffic sequence.

5.6 In all phases, a service provider may give the pilot responsibility for station keeping, or a
time to cross apoint or points, to maintain the required sequence and traffic flow.

6. ILLUSTRATION: AIRSPACE USER OPERATIONS

6.1 The concept uses the term “airspace user” to recognize the diverse nature of missions and
demands on the airspace resource, for example military, airlines and general aviation.

6.2 This section illustrates the airspace user’s interaction with the ATM system. See aso
collaborative decision making.

6.3 ATM system design

6.3.1 The airspace resource is considered to be finite and the capacity of the airspace resource
depends on the procedures and tools employed. There will be conflicting demands between airspace users,
therefore the issue of resource management that provides acceptable safety, equity, access and efficiency is
amajor consideration.

6.3.2 Therewill beno ATM restrictions on user missions except where required due to safety or
ATM system design. ATM system design will minimize restrictions, but recognizesthat efficiencies can be
achieved by some regulation and that some special needs, such as security requirements, must also be
addressed.

6.3.3 Each airspaceuser isamember of the ATM community and i sexpected to participate or have
representation within collaborative decision-making processes that affect their missions, including ATM
system design processes. The ATM system design will give due consideration to and be largely based on
users' expectations. It should be noted that any changesto ATM system design will include ATM system-
wide safety, business, environment and security cases. System-wide cases will contribute to increasing
regional and global interoperability and harmonization.
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6.3.4 The concept recognizes the mutual inter-relationship between aircraft design and ATM
performance. The ATM system will be designed to accommodate a wide variety of mission regquirements,
including awide range of aircraft types and performance. Some efficiency in the ATM system can be best
achieved through aircraft design, asindicated by system-wide safety and business cases.

6.3.5 Inthisillustration, the airspace user prefersno ATM requirements constraining their desired
mission. All ATM serviceswill beona“on-request” basis, however safety or ATM design requirements may
require the use of a particular service. ATM system design will determine where and when services will be
available.

6.3.6 The airspace user initially accepts responsibility for all aspects of their mission, including
conflict management, unless ATM system design requires services to be requested. Conflict management
recognizesthat conflictsare not just between aircraft but al so between amission and any hazard. In addition,
the larger the conflict horizon the increased likelihood that the user’s mission can be more efficiently
conducted.

6.3.7 Cooperation

6.3.7.1 A spirit of cooperation is expected within the community that permitsan acceptablelevel of
information and airspace resource sharing. The user isnot necessarily required to provide al theinformation
requested by the ATM system, asthe user can determinedifferent levelsof participation, however not sharing
of some information may result in increased ATM restrictions on particular missions.

6.3.7.2 All usersshould consider that the demand on theairspaceresourcefor their particular mission
istemporary. Thiswill ensure the equitable use of the airspace resource amongst al airspace users.

6.3.8 Trajectory negotiation

6.3.8.1 Where the airspace user’ s mission is aflight, then the airspace user will communicate their
specific mission requirements using a 4-D flight trgjectory to the level of accuracy required by the ATM
system. Advance notice of theflight, to alesser level of detail, may have already been providedto aid ATM
systemdesign and configuration, including determining available ATM servicesand for demand and capacity
balancing.

6.3.8.2 Where an ATM service is used, the user will aways communicate their preferred 4-D
traectory. If the user is aware of restrictions that prevent the preferred tragjectory, then the user may also
propose the preferred alternative trgjectory.

6.3.8.3 If the requested trajectories were not immediately available, then the demand and capacity
service provider woul d then negotiatewith the user and, through collaborative decision making, work towards
an agreed trgjectory.

6.3.8.4 This trgjectory would be approved with tolerances, which constitutes a “4-D tragjectory
contract” between the airspace user and the service provider. The airspace user can accept or reject the
proposal, as part of the collaborative decision making process.
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6.3.8.5 The intent of these tolerances, which can vary over trgjectory, isto allow some freedom of
changes within the trgjectory that can be made by the airspace user without further reference to the service
provider. Thetolerances are intended to provide as much flexibility asthe ATM can allow, while balancing
the requirements of other airspace users.

6.3.8.6 After the trgjectory has been agreed, when there are changesin ATM resources that affect
the aircraft’s trgjectory then collaborative decision-making will consider aternative trgectories. If time
permits this may be consideration of several options, but if timeis limited then this process may instead be
based on pre-agreed procedures and preferences.

6.3.8.7 After thetrajectory has been agreed, if the airspace user’ srequests atrajectory change, then
the requested 4-D trajectory will be communicated to the ATM service provider and the collaborative
decision making trajectory negotiation cycle commences again.

6.3.8.8 Effective information management and sharing enables easy and rapid collaborative
decision-making negotiation between airspace usersand ATM service providers, since the airspace user and
service providers have access to the same information on the current and forecast ATM system status.

6.3.9 Performance incentive and assistance

6.3.9.1 When the airspace user is unable to meet ATM system requirements to operate a particular
flight at a particular time because of some performance or equipment lack, the ATM service will, in many
cases, be able to offer servicesto the airspace user that mitigate the deficiency for that mission.

6.3.9.2 Procedures will be collaboratively devel oped that provide an incentive for airspace usersto
improve ATM performance. These procedures should not prevent access to airspace for users suffering
eguipment failure or wishing occasional use of the airspace, if the ATM system s capable of safely handling
the deficiency.

6.3.9.3 Notethat the performancerequired to operatein aparticul ar airspaceisdynamically managed
and the airspace user may also chooseto operate at another time when performance requirementsare lessand
so avoid the need for any additional service from the ATM system.

6.3.9.4 An example of this assistance may be the requirement for the user to broadcast position and
intentions, which an equi pment deficiency prevents. The ATM system may beabl e broadcast thisinformation
on behalf of the airspace user using ATM surveillance capabilities to determine aircraft position, intent
information supplied to ATM service provider by the airspace user and the service provider’s broadcast
equipment.

7. ILLUSTRATION — AIRLINE FLIGHT
7.1 Thefollowing material providessomeillustrationsthat rel ate moreto airspace usersengaged
in airline operations. It isnot intended to be a compl ete description and appliesto a particular interpretation.
Other airspace users may follow similar ATM processes.
7.2 The airspace user may initially — as early as several months to a year before flight —
provide information on intended operations, with accuracy appropriate to the planning stage, to the demand

and capacity balancing service to allow strategic airspace organization and management.
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7.3 When the availability of forecasts allows meteorological flight planning, the airspace user
would negotiatetheuser-preferred 4-D trajectory with the demand and capacity balancing serviceof theATM
provider. The 4-D system proposed trajectory is defined in terms of the lateral, longitudinal, and vertical
components of the aircraft position, and the time of the position information. It includes route, altitudes,
speeds, and — where feasible with respect to the planning horizon — runway and arrival timestaking into
account weather, airspace constraints, aircraft performance capability and user constraints such as schedule.

7.4 Thesystem offered trajectory — compl etewith departuretime, weather data, way-pointswith
estimated time/altitude/speed is communicated to the flight deck, for acceptance. The pre-departure system
delivered trgectory —i.e. thetrgjectory finally accepted— isstored for accessby all potential ATM service
providers.

7.5 Based upon the flow of outbound traffic, the aerodrome operations service provider may
amend theinitial trgjectory to define a safe and expeditious flight-path through the departure phase of flight,
where interaction with other departing or arriving aircraft may occur. The departure clearance is
communicated to the flight deck as well as authorization to start the engines and, where applicable,
push-back. The aircraft would taxi along routes that have been designated to eliminate conflict between
departing and arriving streams and to prevent potential queuing or congestion problems. Aircraft take-off
performance itself — for example a high rate of climb — may be used as a means to discriminate departure
traffic from arrival traffic and to mitigate environmental constraints.

7.6 Theuser preferred trajectory isaroute of flight most closely matching user expectations. The
system delivered trgjectory will always attempt to match those expectations as closely as possible.
Notwithstanding that the delivered trajectory may effectively release the aircraft to a self-separation mode,
or to a free-routing mode, the delivered trgjectory is also taken into account within the ATM system in
determining demand and capacity balancing, conflict management and aerodrome operations performance.
Un-forecast changesin tragjectory can impact the operations of other aircraft. Tothat end, the current position
of the aircraft and its predicted trgjectory, as required by ATM system design, are routinely communicated
to other partnersin the ATM system for strategic or tactical ATM purposes.

7.7 Any deviation fromtheinitial system delivered trgjectory isnegotiated directly between the
flight deck and the ATM service delivery management. Such deviations may be generated as a result of
factorsincluding, inter alia, unforecast weather, unpredicted activation of airspace constraints, destination
arrival delays, the need for conflict management and resolution, changes in airspace capacity, changes to
aircraft performance, or emergency situations. In afree routing environment, aclearance or authorization to
deviate or amend trajectory would not be required — however, any amended trajectory would bedynamically
provided to the system to provide decision support to other ATM processes or partners.

7.8 Where the ATM system is providing a flight monitoring — or other — function for an
aircraft, the potential for flight optimization may be detected by the ATM system, and offered to the airspace
user. Any revised routing will be negotiated to be free from conflicts, or where self separation has been
invoked, any potential conflict identified within thetrgjectory parameterswould be clearly enunciated to the
flight deck in the trgjectory offer. Where trajectories are being negotiated, the flight deck can assume that
such negotiations are for the whole of the intended en-route phase of flight unless specifically stated.

7.9 The arrival phase of flight is characterized by the flight transition from the en-route
environment into the terminal and aerodrome environment using an arrival route or procedure, the approach
and landing, and the taxiing to the parking location. The proposed arrival trajectory will have already been
alocated on the basis of known departure and en-route trajectories, aircraft performance and known
constraints within the terminal and aerodrome environment, minimizing potential for delays, and optimising
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aerodrome capacity. Unforecast events may impact the arrival trgjectory — however, any delaysshould have
been absorbed within the en-route trgjectory. Arrival trgectories would be segregated from departure
trgj ectories, and such segregation may be based on aircraft performance characteristics. Aircraft performance
characteristics — including wake vortex, and slowing and stopping capabilities — and runway design
characteristics— including high-speed existsand precision guidance capabilities— will havebeentakeninto
account in determining safe spacing for traffic synchronization to the runway and on the runway.

8. ILLUSTRATION: CONFLICT MANAGEMENT

8.1 In thisillustration, the need for airspace users to achieve maximum efficiency for flightsis
a high priority, whether it is arequired time of arrival or most economical operation. It is recognized that
tactical changes to flight trgjectory in order to address separation from hazards or to wait for access to an
ATM resource to become available both have significant impacts on flight efficiency. The ATM system
therefore has determined that negotiated 4-D trajectories that require no tactical intervention is the desired
goal. Itisrecognized that certain inaccuraciesin theinformation available and unforeseen or uncontrollable
changes will still require tactical modificationsto flight profiles. In addition, there may remain in the ATM
system design, an element of tactical intervention asacost effective solutionto some ATM issues. Trajectory
management aims to achieve the desired time of arrival at the destination parking area.

8.2 Strategic conflict management

821 Conflict management is to limit, to an acceptable level, the risk of collision between an
aircraft and any hazard. The airspace resource management activities of demand and capacity balancing and
traffic synchronization obviously have aclose connection to conflict management, and areindeed considered
to bethe strategic components of conflict management. Theuse of strategic conflict management reducesthe
need for tactical intervention to an agreed level. Note that the activity of the demand and capacity balancing
is efficient resource management and not smply preventing overloading of tactical separation activities,
which does not necessarily deliver maximum capacity, asmoreaircraft may be handled in asmooth sequence
than in a sequence that has to be tactically created.

822 Hazardsin conflict management has been expanded toincludeall hazardsto flights, and also
to include hazards on the apron. Any solution to a conflict with aparticular hazard must confine the solution
trajectory to airspace (or an area) free from all hazards.

8.23 As the trgjectory is managed from gate-to-gate, it is necessary to consider hazards and
resources on the apron. The trajectory from when the aircraft starts to move, should aim to be conflict free
without delay. Thetrajectory includestransit from the landing runway to the arrival parking location, which
should also aim to be conflict free without delay.

824 To reflect the move towards more strategic conflict management, that is airspace resource
management, the concept defines the term “conflict” as whenever the applicable separation may be
compromised. Thisdefinition was previously considered as* potential conflict” which reflected moretactical
conflict management, which is keeping aircraft away from hazards. In more strategic conflict management,
a*“conflict” occurs whenever there is a competing demand for the airspace resource.
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8.2.5 Separation provision

8.25.1 Tactical conflict management, referred to in the concept as separation provision, isthe next
layer of conflict management. Separation provision has been defined in some detail in the concept and
introduces the term separation mode. The concept does not address the development of these separation
modes, which requires considerablework. Inthisillustration, work is still on going on devel oping additional
separation modes, however the concept has been interpreted as having adefined minimafor separation from
al hazards and having a separator based on intervention capability.

8.25.2 Defined separation minimaallows not only for asingle valuein all cases, but also dynamic
values which are determined from defined parameters, for example by using a separation minimaformula.
Theneed for having defined minimahasbeen necessary for the devel opment of decision support tools, which
required values by which hazards must be avoided.

8.25.3 Intervention capability has, in this illustration, produced different values for different
separators and for each separator the value varies on circumstances. A major reason for different valuesis
the total workload required from the airspace users, service provider or automated system. The choice of
which is the best separator for a given situation is given due consideration in ATM system design. The
airspace user asthe pre-determined separator is still the starting point of the design, which isthat thereisno
separation provision service unless safety or ATM system design requires such a service.

8.25.4 Inthisillustration, cooperative separation remains an option available within this particul ar
ATM system, but not arequirement for the separator to use. Del egation occursonly when deemed appropriate
by the current separator and after acceptance by the proposed delegated separator. The delegation is for a
defined period under defined conditions. As separation provision is tactical conflict management, this
delegation and acceptance is in many cases well defined. The procedures were developed from previously
existing del egation procedures. An exampleisthe phrase* cleared visual approach”, which according to pre-
defined procedures, transferred the responsibility for separation from terrain for an aircraft from the service
provider to the airspace user (if the visual approach was accepted), however separation from other traffic
remained the responsibility of the service provider.

8.2.6 Collision avoidance

8.2.6.1 In thisillustration, collision avoidance systems have continue to evolve however they have
remained systems that avoid immediate proximity hazards, rather than systems that have evolved into some
form of tactical separation provision. The role of collision avoidance systems are considered an important
aspect of the safety design of the ATM system and are therefore considered as part of meeting the level of
safety required by the ATM design. The importance of collision avoidance systems, which isthethird level
of conflict management, isthe additional and independent level of conflict management to that provided by
separation provision. Notethat collision avoidance systemsare not considered asan el ement of the separation
modes of separation provision.
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9. ILLUSTRATION: ATM SERVICE DELIVERY MANAGEMENT

9.1 Theroleof the ATM servicedelivery management coordinatesthe delivery of servicesfrom
all service providers, including other ATM service delivery management providers, to an airspace user’s
request for aservice. For example, it may be asingle service delivery management that coordinates services
from anumber of different service providers located over severa regions.

9.2 At the strategic level, the ATM service delivery management is responsible for conducting
collaborative decision-making within the ATM community to achieve the best outcomes for the ATM
community. Thisincludesbal ancing conflicting requestsfrom different community members. The constraints
on choiceswill bethe global safety standards (and any additional requirements from the States), which must
be met. Within these constraints, the service delivery management service will provide the combination of
ATM services that best meets agreed levels of capacity and efficient for the whole ATM community.

9.3 The ATM servicedelivery management would normally bethefirst point of contact between
a potential airspace user and the ATM services. This may occur directly, through a collaborative decision
making process about levels of service, or indirectly, through the determination by appropriate authorities
of the need — or otherwise — for certain services or processes in the absence of an airspace user. The
airspace user may also contact individual service providersdirectly for provision of aparticular service, for
example for a short-term need.

94 Although ATM servicesareavailableonrequest, it may not beefficient to supply al services
in all airspace. Therefore it will be necessary for the community to agree when services will be available,
subject to safety and business cases.

9.5 For example, astrafficlevelsincreasein areaswhereno ATM conflict management services
were previously required there are a number of options to maintain the required safety level. They include
the requirement for a separation provision service (tactical conflict management) at peak times, or demand
capacity balancing (while self-separation continues) or particular procedures. It may be determined that the
problemislocalized with no consequencesfor international operators and that the most effective solutionis
aprocedural one.

9.6 The ATM service delivery management will assess the availability of other ATM service
providers to effect a particular service. At a strategic level, this may entail accessing capabilities from
adjacent providers, or conducting analysis work in support of business and safety case for system
enhancements.

9.7 Where required, appropriate automated decision support tools will support ATM en-route
services. Many of these systemswill be aimed at conformance and safety monitoring.

9.7.1 Phasesof flight

97.11 In the departure and landing phase of flight, ATM service delivery management will be
responsible for ensuring that flights can get to the runway in time for their take-off slot and at the same time
tointegrate them with all the other departing and arriving flightsin order to ensure safety and to optimizethe
use of the parking locations, ramps, taxiways and runways. The ATM service delivery management will
ensurethat service providers are given access to real-time data on projected arrivals and departures, runway
loading, airport congestion, parking locations and environmental considerations, in order to reduce the
inefficienciesin aircraft and vehicle movements.
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9.7.1.2 Within the en-route phase of flight, ATM service delivery management will be involved in
matching ATM service capabilities with demand — e.qg. traffic flow characteristics— by arange of means,
including, inter alia, dynamic re-sectorizationin ATM service centres, changesto route structuresor airspace
organization, or changes to conflict management modes.

9.7.1.3 During the course of aflight — fromitsinception at ascheduling or planning stage, through
its actual operation, to its completion at an arrival parking location — ATM service delivery will consider
the objectivesfor any particular flight inthe course of operationsfrom gateto gate. The degreeto which these
objectives are evident during a flight and the interaction required is a function of both traffic volume and
flight duration.

9.7.14 For illustration, phases of flight for ATM service delivery management might consist of:

a) planning — where the objective isintegration into the ATM environment to achieve a
close match between user preferred trajectory and system delivered trajectory;

b) ramp — where the objective isto move the flightsin and out of the parking locations;
c) surface-departures— moving aircraft from ramp to departure queue;

d) departure— where the departure queue and the runway are managed to launch aircraft
from the queue into the airspace;

e) dispersion — which as its name implies, objective isto get aircraft up and out of the
terminal into the en-route structure;

f) cruise— inwhichtheaircraftisat altitude and moving towardsits destination, but it is
not yet subject to actions related to its arrival phase;

g) collection— the state in which aircraft are sequenced and spaced to bring them into the
terminal areafor arrival;

h) approach — in which aircraft are assigned to runways and onto the surface;
i) surface-arrival — moving aircraft off runways and to the ramp; and, once again

j) ramp — working the aircraft into the parking location.

10. ILLUSTRATION: COLLABORATIVE DECISION MAKING

10.1 Collaborative decision-making allows all members of the ATM community, especially
airspace users, to participate in ATM decision-making that affects them. The level of participation reflects
the level to which the decision will affect them.

10.2 Collaborative decision-making appliesto all layers of decisions, from longer-term planning
activities through to real-time operations. It applies across al concept components of the ATM system and
isan essential element of the operational concept.
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10.3 Collaborativedecision-making isachieving an acceptabl e sol ution, whichtakesinto account
the needs of those involved. All participants therefore require a spirit of cooperation. A balanceis required
because collaborative decision-making is primarily invoked to resolve competing demand for an ATM
resource and to organize a safe sharing of that resource between airspace users.

104 Thetimeavailablefor achieving acollaborative decision decreasesfrom strategic totactical .
Inthe most tactical of situations, there may be no time for consideration of options however, wherever such
situations can be foreseen, collaborative decision making will have been previously used to have determined
agreed proceduresfor such cases. For exampl e, rulesfor determining prioritiesfor accesstoan ATM resource
will have been collaboratively agreed in advance. Therefore collaborative decision-making can be applied
both actively and, through agreed procedures, passively.

105 Effectiveinformation management and sharing will enablemembersof the ATM community
to each be aware, in atimely manner, of the needs, constraints and priorities of other membersin relation to
adecision-making issue.

10.6 Collaborative decision making can occur between airspace users directly, without any
involvement of an ATM service provider.

10.7 Any member of the ATM community can propose a solution

10.7.1 Where a service provider is involved in collaborative decision making because of a
requirement of the ATM system, it is often the ATM service provider who will propose a solution for
consideration of the airspace user, as the service provider is aware of the requirements of other users and
service providersand the collaboratively agreed rulesfor resol ving competing requestsfor an ATM resource.
However, becauseit isan information rich environment where the airspace user may have accessto the same
information asthe service provider, the airspace user will understand why the particular solutionisproposed.

10.7.2 If time permits, auser can propose an aternative solution that addresses auser’ s preference
that is not known to the service provider. In the same way the service provider can reject the user’ s proposed
solution because of an ATM requirement that the user is not aware of. This illustrates how important full
sharing of appropriate information isin order to have timely collaborative decision-making.

11. INFORMATION MANAGEMENT

111 The ATM operational concept envisages application of a system-wide information
management concept, where information management solutions will be defined at the overall system level,
rather than at each major sub-system (program/project/process/function) and interface level individually as
has happened in the past.

11.2 System-wide information management — or simply information management — aims at
integrating the ATM network in theinformation sense, not just in the system sense. Thisfundamental change
of paradigm forms the basis for the migration from past one-to-one message exchange concept to the future
many-to-many information distribution model. That is, many geographically dispersed sourcescollaboratively
updating the same piece of information, with many geographically dispersed destinations needing to maintain
situational awareness with regard to changes in that piece of information.
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11.3 Information management will ensurethat theinformation needsof ATM stakeholders— both
within aswell as outside the ATM network — will be satisfied in a much more flexible and cost-effective
manner than previously.

114 Thisgoa will beachieved by integrating the capabilitiesof all suppliersof ATM information,
to assembl e and continuously maintain the best possibleintegrated picture of the past, present and (planned)
future state of the ATM situation. Thiswill be used as acommon basis for improved decision making by all
ATM stakeholders during their strategic, pre-tactical and tactical planning processes, including real-time
operations and post-flight activities.

115 Successfully managing the quality, integrity and accessibility of thiscomplex, growing web
of distributed, fast-changing, shared ATM information called the virtual ATM pool, could be considered to
be the main operational enabler for the operational concept.

11.6 Decision-makingisanormal operational process, but decisionswill be of abetter quality and
engender greater confidence because accurate and validated information will be availablein the right form,
in the right places and at the right times. An open systems environment and better information management
will alow information sharing on a much wider basis than hitherto, and will support a permanent dialogue
between the various partners, throughout all phases of flight.

11.7 The exchange of information will enable the various organizations to update each other
continuously on eventsin real-time. Thus, aircraft operators will have up-to-date and accurate information
onwhich to base decisions about their flights, while ATM service providers, including aerodrome operators,
will have a better knowledge of flight intentions for operational and planning purposes.

11.8 Other interested parties who need information to improve the service that they supply to —
or receive from — ATM, including, inter alia, customs and immigration authorities, meteorology
departments, baggage handling and so on, will benefit from more accurate arrival, departure or trgjectory
information. The combinations of partnersinvolvedin any particular decision process may be numerous. For
example, some decisions will concern just the airport authority and aircraft operators (refuelling times,
parking bays etc.), whereas others will need to involve all parties (changes to departure times, etc.).

11.9 Information management may be conceptually subdivided into information ownership,
licensing and pricing, information security management, ATM pool content management, the information
acquisition process and the information dissemination process.

11.10 Information will be a commodity in the future information-rich ATM network, not just in
the strategic planning phases, but also during real-time operations. However there will be commercial
sensitivity and national security considerations, as well as the interests of commercial information service
providers.

11.11 Information ownership, licensing and pricing areissueswhicharerelated to, but distinct from
security and communication cost aspects. Certain ATM information provided by stakeholders within or
outside of the ATM network will be ableto be shared without restrictions. For other information, the suppliers
may want to charge afee, restrict dissemination and/or retain ownership and control after dissemination.

11.12 Arrangements will have been made to establish security levels, the willingness of
stakeholders to provide certain information, gain access to information, play certain roles in collaborative
decision-making, and compensate or charge the stakeholders accordingly in financia or other terms.
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11.13 Protocolswill have established thelegal basis, for daily operational application they will be
trandated into appropriate ‘adaptation parameters governing the continuous operation of the various
information management sub-processes throughout the ATM network.

11.14 Inacollaborative distributed environment, where technical, organizational and institutional
barriers to the access of information have been drastically reduced, security will be of utmost importance.
Consistent and compatible mechanisms will exist to handle the security aspects of information collection,
content management and dissemination throughout the ATM network. The principle of subsidiary will be
applied in security matters. for example physical storage and security management that may be as close as
practicable to the information owner.

— END —
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