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EXECUTIVE SUMMARY

Weather accounts for 70%' of the $41B annually®.cost of air traffic delays within the United
States NAS, or $28B annually. Approximately two thirds ($19B) of these delays are considered
to be avoidable.” The Weather — Air Traffic Management (ATM) Integration Working Group
(WAIWG) of the National Airspace System (NAS) Operations Subcommittee of the FAA’s
Research, Engineering and Development Advisory Committee (REDAC) conducted a twelve-
month study to examine the potential benefits of integrating weather and air traffic management.
The report of this committee made several recommendations regarding integration of weather
and the potential for weather integration to help reduce delays. The way to mitigate these delays
and eliminate those that are avoidable is to improve the quality and method of use of weather
information and evolve (integrate) the weather support to the NAS.

This NextGen Weather Integration Plan provides the initial requirements, scope, and
implementation roadmap to achieve the NextGen vision; to enable decision makers to identify
areas where and when aircraft can fly safely with weather assimilated into the decision making
process in order to optimize the entire NAS. It also addresses agency roles and responsibilities
and includes resource requirements. This plan establishes the approach to deal with the
integration of weather information into the ATM decision making process.

Integration, as used in this plan, refers to the inclusion of weather information into the logic of a
decision process or a decision aid such that weather impacts are taken into account when the
decision is made or recommended. The goal of weather integration is to minimize the need for
humans to gauge NAS weather impacts or to determine the optimum mitigation.

KEY POINT: Weather information is not presently integrated into all ATM decision
systems and processes.

This plan addresses the following problem:
b) Most weather support to ATM is manual, with weather displays that must be
interpreted by the user.

e Weather products do not have the maturity required for direct insertion without
interpretation.*

e Rules for interpretation and use of weather data are generally based on the experience
of the user.

e ATM decisions based upon today’s weather products are inconsistent from user to
user.
c) * This aspect of the problem is addressed in the NextGen Weather Plan

The figure below illustrates the process of moving from raw current and forecast weather data
through the creation of weather products that relate weather data to aviation impacts and on to

' OPSNET
2 Congressional Joint Economic Committee; May 2008
? REDAC Weather-ATM Integration Working Group Report; Oct 3, 2007

1 July 10, 2009



Joint Planning and Development Office (JPDO)

DRAFT v0.8

ATM-Weather Integration Plan

the generation of rules for decisions to be made by ATM operators and other users and ultimately
to the creation of automated decision support tools.

KEY POINT: The process to flow from information on the state of the atmosphere to
translation into impacts to decision rules on dealing with impacts to inclusion into decision

systems.
State of the Translated Impact Decision Rules Decision System
Atmosphere Parameters Examples: Examples:
Examples: Examples: *Acceptable *TFMS (Traffic Flow
+Convective wx +CWAM severity level Management
forecast *EDR index to +SFO parallel System)
Turbulent eddy aircraft type approach *TBFM (Time-
dissipation rate From: Appendix B From: user Based Flow
(EDR) Ownership: wx community, with Management)
From: weather community with support from From: users, and
systems user guidance Appendix B cataloged in
Ownership: wx Located: multiruse || Ownership: Users, || Appendix A

community with
requirements from
users

Located: 4D
Weather Data
Cube

in hetwork service;
unique in user
systems

with support from
weather
community
Located: multi-use
service; unique in

user systems

Ownership: users
Located: user

systems

At NextGen IOC (2013), some weather data will flow machine-to-machine with real integration
into decision support tools (DST), but most integration of weather information will still be
handled manually, with some data and displays provided to the cockpit for pilot decision. By the
2018 mid-term some DSTs will have integrated weather, and by 2025, weather information will
be automatically translated to impact and ingested into most decision algorithms, both on the
ground and in the cockpit.

KEY POINT: An analysis of weather impacts into decision tools has been done.

An analysis of the current state of weather integration was conducted and this plan lays out the
weather integration opportunity in the NextGen solution sets; Initiate Trajectory Based
Operations, Increase Arrivals/Departures at High density airports, Increase Flexibility in the
Terminal Environment, Improve Collaborative ATM, Increase Safety, Security, and
Environmental Performance, and Transform Facilities. Each solution set was broken down into

il
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swim lanes, and then further into capabilities and associated Operational Improvements (Ols).
This analysis is reflected in Section 3 of the Plan, along with the associated Appendix A.

KEY POINT: An analysis of available weather translation and decision methodologies has
been done

ATM will require DSTs that can deal with the information from the 4-D Weather Data Cube (4D
Wx Data Cube) which has been translated into NAS impacts and provide ATM with best choice
options. The translation can be obtained by a network service for common use or by imbedding
the translation capability in the DST for unique needs. Section 4 and the associated Appendix B
provide a survey that identifies technologies and methodologies for translating weather
information into ATM impacts in the NAS. The survey includes approaches for addressing
weather-related uncertainty in ATM decision making — risk management processes. The survey
is organized in two parts; ATM-Weather Impact Models and ATM-Weather Integration
Techniques.

The Plan presents a summary of each of the surveyed ATM-impact models starting with models
that were derived primarily for convection, and ending with a wide variety of models for several
types of aviation hazards. This section assessed the maturity of the ATM-impact models
presented, and identified gaps in technologies that must be addressed for NextGen.

KEY POINT: A foundation of mature, tested methodologies must be built and maintained,
along with a capability for multi-use impacts translation.

Further research is required on the conversion of weather data into specific ATM impacts.

The execution of this plan will occur in four steps. The steps will be executed in sequential order
from the start, but the steps will be repeated many times as new weather techniques and ATM
tools are developed and may be occurring simultaneously at some point in the future. The steps
are:

1. Align teams with each solution set and analyze weather integration requirements for a
service and performance-based approach for weather integration as associated with
operational relevance.

2. Identify the specific weather integration insertion points, including performance criteria
and value, into ATM tool or decision platform functionality.

3. Identify and recommend the specific weather integration techniques and technologies that
best fit the requirements of a particular traffic flow management tool under development
and particularly the insertion points identified in the previous step.

4. Serve as the subject matter expert (SME) for the ATM tool development team to assist in
integration of the weather methodologies and to evaluate test results.

KEY POINT: A DST-by-DST weather support activity must assist in successful weather
integration.

The key interaction for success in weather integration will be the relationships established
between the AWO and the ATM tool development community. The AWO role is to ensure
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proper use and application of weather data and techniques in development of specific DSTs.
During development, the AWO will fund demonstrations for specific technologies in order to
demonstrate both the quality and usability of weather information in the decision process. It is
imperative that human factors (see C-5) be considered in the development of every DST. As
DST development proceeds, weather data for specific DSTs will transition from a testing
scenario to inclusion of production data directly from the 4D Wx Data Cube.

Anticipated initial activities
FY10:

- Building weather translation and decision foundation, including test and evaluation
capability.

- Stand up Weather Leadership Team and Integration Sub-Teams.

- Identify initial set of DSTs that have the potential for successful weather integration by
NextGen IOC. Identify candidate methodologies, brief users, and develop demonstrations
of weather methodologies that will yield success.

FYI11:

- Conduct successful demonstrations of weather products or methodologies that have the
necessary maturity level for integration

FY12:

- Work with user community and DST developers to integrate weather products and
methodologies into DSTs for IOC implementation
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1 INTRODUCTION

There is a need for a multi-agency, synchronized plan to achieve solutions to the problem of
weather integration into ATM operations and decisions. As articulated in the NextGen vision, the
solution must enable decision makers to identify areas where and when aircraft can fly safely
with weather assimilated into the decision making process in order to optimize the entire national
airspace system. The NextGen Weather Integration Plan provides the initial requirements, scope
and implementation roadmap to achieve the NextGen vision. It also addresses agency roles and
responsibilities and includes resource requirements.

1.1 Background

Weather accounts for 70 percent of all air traffic delays within the United States National
Airspace System (NAS). The total cost of these delays has been estimated to be as much as $41B
annually with weather delays costing over $28B annually. Approximately two thirds of weather
delays have been estimated to be avoidable. The way to mitigate weather delays and eliminate
avoidable delays is to improve the quality of weather information and to evolve weather support
to the NAS both in quality and in methods of use, from its current levels to new targeted
approaches.

1.2 Purpose

This plan establishes the approach to deal with the integration of weather information into the
ATM decision making process.

1.2.1 Integration Definition

Integration as used in this plan refers to the inclusion of weather information into the logic of a
decision process or a decision aid such that weather impacts are taken into account when the
decision is made or recommended. This applies whether the decision is made individually or
jointly by air navigation service providers and airspace users.

1.2.2 Integration Goal

The goal of weather integration is to minimize the need for humans to gauge NAS weather
impacts or to determine the optimum mitigation. Today, weather integration is nearly all manual
by decision makers after they view stand-alone weather products. Weather integration in
NextGen will be an evolving process:

e At NextGen IOC (2013)

— Some weather data will flow machine-to-machine with real integration into
decision support tools (DST).

— Most integration of weather information will still be handled manually but with
improved “high glance value” products.

— Some new data and displays will be provided to the cockpit for pilot decisions.
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e By the 2018 mid-term some DSTs will have integrated weather.

e By 2025, weather information will be automatically translated to impacts and
ingested into most decision algorithms both on the ground and in the cockpit.

1.3 Scope

This Plan addresses actions to be taken by the weather community, generally under weather
community funding. Although it calls for close interaction with various user programs, it does
not commit those programs or their managers to take any action or expend any funds. However,
to benefit from the efforts described in the Plan, it is understood that the user programs must
cooperate and participate in the process.

The cost of implementing the methodologies developed under and presented in the Plan will be
born by the user programs. For example, where weather integration is to occur in some NAS
system, the manager of that system must write the software code which implements the
methodology. The weather community will support this by providing any reusable code to which
it has access.

In the event that any user tool or capability must be cancelled or postponed, its description in this
Plan does not in any way obligate the program manager to continue the program.

The Plan is intended to addresses weather integration into ATM decisions made by the ANSP or
by the ANSP in collaboration with the AOC/FOC or operators. AOC/FOC and flight deck
decisions unique to the operator (i.e. excluding ANSP participation) are not a subject for
intervention in the Plan. Those are principally left for market innovation to develop and
implement.

1.3.1 Assumptions

The creation and production of appropriate weather analyses and forecasts is to be addressed
elsewhere and is outside of the scope of the integration effort. However, the Integration effort
will address the identification of user requirements for weather information which will be
conveyed to the developers.

The regulatory approval process for the use of new weather analyses and forecasts is to be
addressed elsewhere and is outside of the scope of the integration effort. However, the
Integration effort will support the regulatory process by providing rationale and other supporting
documentation on how the information is to be used.

The SOA/IT infrastructure associated with publication of weather analyses and forecasts is to be
addressed elsewhere and is outside of the scope of the integration effort. However, the
Integration effort will act as an intermediary between the weather IT community and the user
system owners to ensure that appropriate weather-related information flow occurs.

1.3.2 Roles and Responsibilities

Agency and community roles are as follows.
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1.3.21 FAA

The FAA will be the primary actor to the extent that most ATM systems are owned by the FAA
and the ATM-Weather Integration Process resides primarily within the FAA. However, for
success, other agencies and stakeholders must be involved.

1.3.2.2 NASA

NASA will continue to be a major developer of ATM tools and techniques, and also of weather
integration methodologies. NASA will share the fruits of its development with the other
stakeholders for implementation and deployment.

1.3.2.3 DOD

The DOD has developed and is expected to continue to develop tools and methodologies which
have application to the civil aviation community, including some relevant to weather integration
efforts. To the extent possible, the DOD will share its developments with the broader NextGen
weather integration community.

DOD will also cooperate in the development of weather integration capabilities
e  When civil aircraft operate in military-controlled airspace.

e When civil aircraft operate at military airfields or joint-use fields operated by the
DOD.

e When the weather integration community considers the hand-off point/procedures of
aircraft between civil and military control.

1.3.24 NOAA

NOAA is the principal provider of weather information in the NextGen 4D Wx Data Cube, and
that is the primary NOAA weather role, rather than integration into ATM decisions. For more
information on NOAA and the 4D Wx Data Cube, see the NEXTGEN Weather Plan, which is a
companion document to this Integration Plan.

1.3.2.5 Private Sector

This Plan does not in itself obligate the Private Sector to take any action. However, when
weather-integrated ATM capabilities become operational, Private Sector users will be affected.
To the maximum extent possible, writers and executors of this Plan will take the needs of the
Private Sector into account, such as by refraining from unnecessary equipage requirements.
Through the NextGen Institute, members of the Private Sector have participated in the
preparation of the Plan and will be encouraged to continue their participation. The Government
will make every effort to involve the Private Sector and keep the Private Sector informed of any
decision which may affect the Private Sector.
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1.3.2.6 International

Both weather and aviation are International enterprises. As with other NextGen developments,
the weather Integration community will seek to harmonize itself with related International
efforts, such as those in Single European Sky ATM Research (SESAR), the International Civil
Aviation Organization (ICAO), and the World Meteorological Organization (WMO).

2 NEXTGEN WEATHER INTEGRATION OVERVIEW AND CONCEPT

Weather integration pertains to the inclusion of weather information into the logic of a decision
process or decision aid such that weather impacts have already been taken into account when the
decision (e.g. any decision affecting TFM) is made or recommended. Weather integration into
NAS decisions is fundamentally the responsibility of the user community (i.e., ATC service
providers and NAS operators), with the weather community in a supporting role. The ultimate
goal of integration is to translate weather information as purely meteorological data into weather
impacts on air traffic operations — essentially making weather transparent to its end users. The
JPDO 4D Weather Functional Requirements for ATM calls for “weather integrated directly into
sophisticated decision support capabilities to assist decision makers.” Under the solution set of
Reduce Weather Impacts within FAA’s OEP program is a goal of making weather information
seamless to users by integrating it into decision-making automation. As more meteorological
parameters are fully integrated into DSTs, the need for direct M2M ingestion of weather data
will increase. At the same time, the numbers of human-readable graphical displays and text
messages may be allowed to decrease as appropriate. The previous notwithstanding, it is clear
that operational decision makers on the ground and in the air will require both the graphical and
textual representation of meteorological information for the foreseeable future.

Decision support will evolve over the next decade and beyond. Today, most weather-related
decisions are made by ATM in a completely manual mode. With few exceptions, weather data
are displayed as graphics or text at the Command Center, at TRACONs, ARTCCs, AOC/FOCs,
Flight Services, and in cockpits all on stand-alone systems. By NextGen IOC in 2013 some
weather data flow will be via M2M means. Most integration will remain in a manual mode but
many weather displays will be improved to a “high glance value” mode. Data and displays will
also be provided to the cockpit for pilot decision via electronic flight bags and existing on-board
systems on some aircraft. By 2025 it is expected that weather information will be automatically
translated into probabilistic weather impacts on air traffic and be ingested into decision
algorithms (ground and aircraft).

Figure 2-1 first shows the process of moving from weather data which describes the state of the
atmosphere at a current or future time through conversion of that data into weather impact
parameters. As shown in the figure, the creation of the state of the atmosphere and then specific
products which translate the raw weather information into impacts on aviation are the
responsibility of the weather community in response to guidance from the user community. The
user community then generates the rules for decisions that rely on weather data and impacts and
then develops automated decision support tools which meet their specific operational needs.
Once the process flow moves from weather impacts to development of decision rules, the
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weather community has the responsibility for support and advice to the user community related
to the use and interpretation of the weather data or derived weather product.

State of the

Atmosphere
Examples:
«Convective wx
forecast
*Turbulent eddy
dissipation rate
(EDR)
From: weather
systems
Ownership: wx
community with
requirements from
users
Located: 4D
Weather Data
Cube

Translated Impact
Parameters
Examples:
+CWAM
*EDR index to
aircraft type
From: Appendix B
Ownership: wx
community with
user guidance
Located: multi-use
in network service;
unique in user
systems

Decision Rules
Examples:
*Acceptable
severity level
+SFO parallel
approach
From: user
community, with
support from
Appendix B

Ownership: Users,

with support from
weather
community
Located: multi-use
service; unigue in
user systems

Decision System
Examples:

*TFMS (Traffic Flow
Management
System)

*TBFM (Time-
Based Flow
Management)
From: users, and
cataloged in
Appendix A
Ownership: users
Located: user
systems

Figure 2-1

Conceptual Flow

2.1 Problem Statement

Problem Summary:

d) Most weather support to ATM is manual, with weather displays that must be
interpreted by the user.

e Weather products do not have the maturity required for direct insertion without
interpretation.*

e Rules for interpretation and use of weather data are generally based on the experience

of the user.

e ATM decisions based upon today’s weather products are inconsistent from user to

user.

e) * This aspect of the problem is addressed in the NextGen Weather Plan

Discussion of the problem:
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Today’s national air transportation system is susceptible to weather disruptions causing flight
delays, the impacts of which can be wide spread. Fast moving summer or winter storms
impacting one hub airport or key transcontinental route can ground aircraft thousands of miles
away, further propagating flight delays and cancellations. Weather delays are more than an
inconvenience; they cost the nation’s airlines, cargo carriers, corporate, and private users in
excess of $28 billion annually. While severe weather will likely continue to prevent airspace and
airport access in the immediate vicinity of the event, many delays could be avoided with better
ways of dealing with weather throughout the national air transportation system.

Current weather products are not at a maturity level which allows direct machine-to-machine,
automated use of weather data; rather, weather products today generally require human
evaluation and interpretation. The skill in some key weather forecast products is inconsistent
day-to-day and as a result, rules for making use of weather products in decisions are human
derived, leading to inconsistent decisions by the user community. Many weather products or
tools are “bolt on” systems that must be interpreted by the user and figured into traffic decisions
based the user’s understanding of the information presented. The weather data provided by these
systems may not be provided in a manner that is useful in human made traffic flow decisions.
Automated systems, many of which are designed around fair weather scenarios, must be shut
down when significant weather impacts operations. Lack of automated tools necessitates a
cognitive, reactive, inefficient weather-related decision making process and a meteorological
competency of decision makers. The weather information used for this manual process is
gathered from multiple sources. Individual controller perceptions are used to determine which is
the “best source”.

Where processes disregard weather data, many times this can be traced to the fact that the
present weather data system is a collection of diverse, uncoordinated observations, forecasts and
supporting systems. This does not support the need for “information rather than data” where
information implies an underlying process and system to help make an informed decision.
Indeed, today’s weather system infrastructure to support timely and collaborative air
transportation decisions necessary to effectively deal with bad weather does not exist.

DSTs are generally software applications used to automate the weather impact evaluation and air
traffic/customer response. Mission Data are input into the DST, typically in the form of a
proposed 4-dimensional trajectory through space and time. Along with trajectory information are
added the particular weather sensitivities or risk tolerance of the flight under consideration.
According to the spatial and temporal attributes of the mission (takeoff time/place, flight level,
waypoints, and estimated landing time/place) relevant weather information is retrieved by
subscription or by query/response from the 4-D Weather Data Cube (4-D Wx Data Cube) using
XML standard queries. The DST then automatically compares the weather parameters to
particular sensitivities of the mission under consideration. By applying relevant rules and
thresholds (e.g. pilot landing minima, aircraft weather avoidance limits, risk tolerance, Federal
Aviation Regulations, etc.) the DST converts weather information into weather impacts. The
result of this logical integration is an output decision aid. For instance, the latter segments of a
proposed trajectory may enter an area of forecast turbulence. If this forecast turbulence exceeds
certain severity or probability limits the DST automatically flags these segments as, for example;
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Red. More sophisticated DSTs may recommend weather-optimized trajectories through an
iterative process of query and response. Thus, the trajectory flagged as Red for turbulence
initially may be rendered Green by an earlier takeoff, a higher flight level, or a different route.

DSTs will take a number of forms and functions as NextGen evolves. There are 4 levels of
integration each with increasing levels of complexity (note: The following does not consider
where or how any DST will be displayed or used. Individual DSTs may require human factors
(see C-5) consideration):

e Level 1: Stand-alone (little to no weather integration)
e Level 2: High “glance value” weather impact products

— Operations-oriented weather impact data provided to the operator such as “stop
light” displays, color coded views of aircraft trajectories according to weather
impact

— These displays allow the operator to mentally factor weather into decisions
e Level 3: User-in-the-loop tools

— These tools have a M2M interface with algorithms suggesting solutions to the
user for acceptance, rejection, or modification

— Data for these tools will come from the 4-D4-D Wx Data Cube with associated
confidence values

e Level 4: Fully integrated tools
— These will be automated DSTs with full M2M data interface

— Data will come from the 4-D4-D Wx Data Cube generally in probabilistic form
with confidence values

— No interpretation of weather will be required by the operator but the operator will
be able to drill down into the decision if desired.

ATM will require DSTs that can deal with the information from the 4-D Wx Data Cube which
has been translated into NAS traffic impact values impacts and provide ATM with best choice
options. The translation can be obtained by a network service for common use or by imbedding
the translation capability in the DST for unique needs. Section 4 and the associated Appendix B
provide a survey that identifies technologies and methodologies for translating weather
information into ATM impacts in the NAS. The survey includes approaches for addressing
weather-related uncertainty in ATM decision making — risk management processes. The survey
is organized in two parts; ATM-Weather Impact Models and ATM-Weather Integration
Techniques. The Plan presents a summary of each of the surveyed ATM-impact models starting
with models that were derived primarily for convection, and ending with a wide variety of
models for several types of aviation hazards. This section assessed the maturity of the ATM-
impact models presented, and identified gaps in technologies that must be addressed for
NextGen.
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239  ANSP needs are associated with weather impact on traffic flow and airspace constraints;

240  AOC/FOC needs are associated with weather impact on system-wide airline operations (e.g.,
241  connecting flights); flight deck needs are associated with weather impact on current operation
242 such as safety and comfort. As noted in paragraph 1.3, AOC/FOC and flight deck decisions
243 unique to the operator (i.e. excluding ANSP participation) are not a subject for intervention in
244  the Plan. Those are principally left for market innovation to develop and implement.

245 By 2023, weather information will be integrated into decision making, but weather per se will
246  not appear in the output decision at all. Whether the output decision takes the form of a human-
247  readable display, or is relayed to a larger decision support mechanism, automated integration
248  basically renders weather transparent to NextGen decision makers. Probabilistic weather data
249  will introduce more complexity; e.g. the DST will have to compare input risk tolerance to

250  probabilities of occurrence of the relevant weather phenomena in order to render a decision-
251  quality output. For instance, a particular flight may be able to tolerate a 30% probability of
252  thunderstorms along the planned route of flight, but it could not tolerate a 70% probability, in
253  which case alternatives would be sought.

254  The expectation is that the number, complexity, and sophistication of automated DSTs will

255  increase over time as the 4D Wx Data Cube matures, expanding its available sets of gridded data.
256 At present the number of automated decision tools in the NAS is fairly limited, with inputs

257  provided by point-to-point weather data feeds. As the 4-D Wx Data Cube assimilates grids of all
258  meteorological parameters relevant to aviation, developers will build DSTs tailored to the

259  particular needs and decision spectra of particular users. Development of tailored DSTs will be
260 largely the province of the commercial sector where there is tremendous opportunity for

261  ingenuity in applying weather to a whole range of decisions. The prime requirement for the

262  weather community is that the weather information available by subscription from the 4D Wx
263  Data Cube be in a form, at a resolution and at a quality level that meets user needs and can be
264  readily translated into impacts and assimilated by the users’ DSTs. In order for this integration to
265  be successful, Human Factors research needs to be conducted to ensure that developers

266  understand how weather is used in decision making so that the impact of weather data can be
267  correctly translated into DSTs. This research will also be critical in determining the level or

268  amount of weather transparency needed given the user’s role in decision making. In some cases,
269  anomalies or special circumstances may require users to view weather products as opposed to
270  DST output.

271 2.2 Weather Impacts on Solution Sets

272 This plan addresses weather integration in terms of six of the NextGen OEP Solution Sets;

273 Initiate Trajectory Based Operations (TBO)

274 Increase Arrivals/Departures at High Density Airports (HighDensity)
275 Increase Flexibility in the Terminal Environment (FlexTerm)

276 Improved Collaborative Air Traffic Management (CATM)

277 Increase Safety, Security and Environmental Performance (SSE)
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Transform Facilities (Facilities)

Weather impacts the operational improvements of the solution sets in several ways, depending
on the type of decisions being considered and its time horizon in the life cycle of a flight or a
traffic flow. The integration of weather and ATM decisions can span from strategic pre-planning
decisions to real-time tactical decision-making.Specific weather impacts are discussed in more
detail in Section 3 and in Appendix A.

2.3 Alternatives Considered for Integration

The NextGen Weather concept of operations (ConOps) team recognized the need to look at
improving the weather information infrastructure before it could be incorporated into the ATM
decision support processes. This section briefly discusses three alternative approaches to weather
integration. The emphasis of this discussion is on weather integration itself. The source of
weather data (4-D4-D Wx Data Cube) and the network infrastructure that will distribute this
information are considered separately.

Table 2-1 Alternatives Considered for Providing Weather Information

Alternatives Description Feasibility Ability to Deliver
NextGen Vision

Status quo — Maintain current stand-alone text and Green Red

do nothing graphical weather products

Improve Overlay weather data on to ATM displays | Green Yellow

Weather and develop new weather displays with

Products to “high glance value”

Enhance

Usability by

ATM

Integrate Leverage net-centric standards and Green Green

Weather incorporate on-going research into weather

Information impacts to add new weather algorithms to

into ATM existing and developing TFM decision

Decision support tools.

Support Tools

2.3.1 Status Quo — Do Nothing

There are currently very few instances of the integration of weather data into ATM tools. Flight
planning systems incorporate winds aloft and temperatures. Some tools are available involving
the timing of deicing. Generally, weather is used manually, with stand-alone tools and displays.
This situation requires controllers and decision makers to consult several unrelated displays in a
manual mode in order to make critical decision. As stated earlier, weather accounts for more than
70% of flight delays. The current system is inadequate to mitigate this problem.

The baseline, multi-agency weather data processing, access, and dissemination architecture
consists of multiple distributed processing systems collecting sensor data and producing value-
added analysis and forecast products. Organizations access the data by approaching weather
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processing systems and agency telecommunication systems to arrange for point-to-point
transport of the weather products. Some data is also available via access to special web pages
(e.g., Aviation Digital Data Service [ADDS]). The status quo is an unacceptable option because
it involves diverse architectures, technologies, and standards; it does not meet numerous
NextGen requirements (e.g., publication/subscription registry, push/pull access, tailored
information, and a single authoritative source of weather information).

By maintaining the status quo, integration and automation would not be achieved.
2.3.2 Improve Weather Products to Enhance Usability by ATM

The second alternative considered is to improve current weather products in ways that improve
their usability by TFM decision makers. Weather information can be overlaid on air traffic
displays and weather displays can be upgraded to reduce the amount of interpretation required
for rapid understanding of the weather situation. These “high glance value” displays reduce TFM
decision-makers’ requirement to have a deep understanding of weather situations.

This alternative can be accomplished without general improvements to the underlying weather
delivery systems; however, significant improvements are required in weather processing to
achieve reductions in avoidable delays. This alternative would not achieve NextGen goals nor
would it allow for improvements in TFM tools such as TMA which now require the tool to be
turned off during adverse weather because of lack of weather integration. Accordingly, the
integration of a common weather picture into all of the ATM decision support systems and
planned automation systems would not be achieved.

2.3.3 Integrate Weather Information into ATM Decision Support Tools

The last alternative is to integrate weather information into ATM decision support tools. This
alternative meets the goals and recommendations set out by the Weather — ATM Integration
Working group of the national Airspace Systems Operations Subcommittee, Federal Aviation
Administration Research, Engineering and Development Advisory Committee (REDAC) in their
report dated October 3, 2007. A key finding of this report “is that a risk management approach
with adaptive, incremental decision making, based on automatically translating weather forecasts
into air traffic impacts, presents a major new opportunity for reducing weather related delays in
the future NAS.” Achievement of this alternative requires development of a new weather data
architecture by heavily leveraging net-centric standards and incorporating legacy architectures.
This option overcomes the deficiencies of the other alternatives, meets all NextGen goals and
requirements, is the most cost effective, and involves acceptable implementation risk. It also
allows for the provision of current regulatory weather products (e.g., convective Significant
Meteorological Information [SIGMETS]), while policy is changed to transition the NAS from a
‘product’ to an ‘information’ environment. This option includes distributed data processing, with
centralized publication/subscription, using much of the current baseline architecture; and
develops a single authoritative source of weather information for collaborative decision making
involving ground and airborne platforms. The underlying architecture developed to achieve
NextGen goals provides the necessary platforms and capabilities for the integration of weather
information directly into DSTs.
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2.4 Recommended Solution: Integrate Weather into ATM Decision Support Tools

The recommended solution is to integrate weather directly into ATM Decision Support Tools.
Weather integration will simplify the decision process for humans and make weather data
seamless to NAS users. Weather integration allows user decision tools to have the best available
weather information and to use that information in a wide range of decisions both on the ground
and in the cockpit.

The 4-D4-D Wx Data Cube is not part of this plan, however, this alternative assumes the
existence of the 4-D4-D Wx Data Cube, a virtual database of information - separate weather
databases located in different locations such as National Weather Service (NWS), other Agency
processing facilities, research or laboratories, etc. and connected via a net-centric infrastructure.
Rapid updates of weather data used in TFM tools is essential to successful weather integration
and therefore, the underlying infrastructure being developed for NextGen is key to the success of
the weather integration effort. The 4-D4-D Wx Data Cube is essential to the development of
DSTs which integrate weather directly into the decision making process.

2.5 Anticipated Benefits and Impact

Advances in weather information content and dissemination provide users and/or their decision
support with the ability to identify specific weather impacts on operations (e.g., trajectory
management and impacts on specific airframes, arrival/departure planning) to ensure continued
safe and efficient flight. Users will be able to retrieve (and subscribe to automatic updates of)
weather information to support assessment of flight-specific thresholds that indicate re-planning
actions are needed. In particular, the 4D Wx Data Cube (and later The 4D Weather Single
Authoritative Source (4D Wx SAS)) will support enhanced volumetric extractions, by time
frame of interest, of weather information by NAS users to quickly filter the enhanced weather
content to the region of interest for impact analysis. This will streamline the process by which
the user with decision support ATM tools - conducts system-wide risk management in planning
for both individual flight trajectories and flows.

Because of the profound impact of adverse weather on the safety, efficiency, and capacity of the
NAS, improved decision making when weather impacts operations is a key NextGen objective.
The initial 4D Wx SAS, a subset of the 4D Wx Data Cube, provides a consistent, de-conflicted
common weather picture (e.g., observations, forecasts, and climatology, from the surface to the
top of the NAS) that will provide Air Navigation Service Providers (ANSPs) and airspace users
with a common view of the weather situation.

Using the 4D Wx SAS, ANSPs, users and their decision support systems will be able to make
trajectory-oriented or area-oriented requests for weather information so that they can determine
its effect on the flight trajectory being evaluated. This customized weather information will be
integrated into initial tactical and strategic decision support tools developed under the TBO,
CATM, Flexible Terminal, and High Density Terminal solution sets. These tools will assess the
risk management of the operational impact of weather on flights/trajectories and provide
candidate actions to the ANSP that mitigate these impacts on safety and traffic flow. These tools
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support real time “what if”” assessments, support common situation awareness within and
between domains, and can be tailored to support different user preferences (e.g., displays, lists,
alert modes, flight specific probabilistic thresholds, and format tailoring). The 4-D Wx SAS
provides a single and authoritative definition of the current weather state and prediction of the
future weather, as well as the user-requested high resolution, high temporal characteristics of
importance to aviation users. The 4D Wx SAS will also provide proactive updates (“push”) to
requestors based on user requests.

The combination of consistent weather information integrated into decision support tools will
enable more effective and timely decision making by both ANSPs and users, for meeting
capacity, efficiency and safety objectives. This also supports the alignment of traffic flows that
best achieve a balanced capacity, safety and end user desires. It effectively enables a common
understanding of the uncertainty of the future state of the atmosphere, supports traffic flow
management by trajectory, and provides for improved weather avoidance.

3  NEXTGEN WEATHER INTEGRATION: DECISION SUPPORT TOOLS

This section contains an analysis of the need and opportunity for weather integration into NAS
operations. This section and its associated Appendix A are to be expanded and refined as more
information becomes available through execution of the Plan. Until more facts are known about
the target capabilities, the section will rely on appropriate assumptions on the kinds of weather
information required for integration into decision support tools and capabilities. It is aimed at
ATO solution sets as defined in the NextGen Implementation Plan (NIP): Initiate Trajectory
Based Operations (TBO), Increase Arrivals/Departures at High-Density Airports (High Density),
Increase Flexibility in the Terminal Environment (Flex Term), Improved Collaborative Air
Traffic Management (CATM), Increase Safety, Security, and Environmental Performance (SSE),
and Transform Facilities (Facilities).

Each solution set was broken down into swim lanes and then further into Capabilities and
associated Operational Improvements (OIs). Capabilities fell within either the Near, Mid, or Far-
Term time frame as consistent with the solution set. Where possible, an assessment of each
capability was done with reference to its link to weather and current developments, from the
exploration (CE) to development (CD) to prototype (PD) phase. Beginning with a set of
assumptions the value of integrated weather was examined within the context of an overarching
scenario or concept of operations. The scenario was further broken down into individual use
cases, where possible, to help define and draw out user needs and points of integration. Decision
support tools, information threads, and weather linkages were closely examined, where possible
to fully inform the integration solution. The work is iterative and will require continued effort as
time, resources and understanding evolve.

The information for each solution set below follows the same general flow as mentioned above,
with minor variances due to inherent differences in individual solution sets.

12 July 10, 2009



418

419
420
421
422
423
424
425

426
427
428
429
430
431

432

433
434

Joint Planning and Development Office (JPDO)
DRAFT v0.8

ATM-Weather Integration Plan

Solution Set * Initiate Trajectory Based Operations{TBO}
» Separation Management
Swim Lanes * Trajectory Management
e Capacity Management
Capability (Ols): * ADS-Bin Gulf of Mexico {Near-term}
. ¢ Point-in-Space Metering { Mic-term)
Near/Mid/Far-term » Tactical Trajectory Management{Far-term}

Assessment: What s

the weather link? e Enhanced forecasts— wincs, convection, etc.
Whatis currently in » ESP Delay Estimation {CE)
development?
Decision Process * Monitoring/constraint ID/analysis/Planning /Execution
Weather Integration e Assumptions

Capabilities & Requirements ° Scenario and Use Cases

The expected weather and weather integration requirements of the capabilities were extracted
from several different sources, including the REDAC Weather/ATM Integration report, the
JPDO Weather Integration Conference report, the MITRE Initial Evolution Analysis for
Achieving NAS Mid-term Operations and Capabilities report, the MIT/LL Roadmap for Weather
integration into Traffic Flow Management Modernization report, the FAA Traffic Flow
Management Concept Engineering Plan FY09 and the FAA Infrastructure Roadmap — Mid-term
Integration Worksheets.

Beyond this, additional commentary, analysis, or planning information was added. Interviews
with JPDO WG Subject Matter Experts and FAA Solution Set Coordinators, to the extent
possible, helped to extract additional capability/weather information. Assumptions were written
based on viewpoints of the three Collaborative Decision Making (CDM) participants (Aircraft,
Airline Operations Control, and Air Traffic Control). In some cases, scenarios were created in
which the use of weather information in support of the mid-term capability was explored.

General Assumptions

One of the assumptions associated with all the solution sets is that near-term stand-alone decision
tools will begin to move from the current state of little to no weather integration to being fully
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integrated with weather (including uncertainty) in the far-term. Specifically, four levels of
weather integration are expected:

Level 1 Stand alone (little to no weather integration)

Level 2 Over-lapping (high “glance value” weather impact information overlaid with
decision support tool outputs)

Level 3 Minor human involvement (user-in-the-loop tools: Weather fully integrated within
tool but separate weather information also provided for human understanding)

Level 4 Fully integrated (machine-to-machine: Weather and uncertainty fully integrated into
decision tool outputs)

Another assumption is that weather is addressed for all temporal and spatial operational needs for
all airspace from strategic planning and risk assessment to the tactical environment that
surrounds, or is on the airport surface.

Solution Set Representation

Section 3.1, Trajectory Based Operations (TBO), identifies and briefly describes potential TBO
weather integration opportunities, based on an on-going discussion of the mid-term Ols
contained in the Initiate TBO solution set. Appendix A-1 defines key terms (TBO, Initiate TBO,
4D Trajectory); documents OI goals, needs/shortfalls, descriptions, and design/architecture;
contains a discussion of the Initiate TBO solution set OI descriptions; describes weather
integration opportunities in more detail; develops weather integration scenarios; and identifies
potential mid-term functional weather requirements. This is a work in-progress intended to help
communicate and refine the developing mid-term weather integration story for the Initiate TBO
solution set. The mid-term Ols included in the Initiate TBO solution set are:

f) Delegated Responsibility for Separation

g) Oceanic In-trail Climb and Descent

h) Automation Support for Mixed Environments

i) Initial Conflict Resolution Advisories

J) Flexible Entry Times for Oceanic Tracks

k) Point-in-Space Metering

1) Flexible Airspace Management

e Increase Capacity and Efficiency Using Area Navigation (RNAV) and Required
Navigational Performance (RNP)

The Increase Arrivals/Departures at High Density Airports (High Density) solution set involves
airports (and the airspaces that access those airports) in which:

¢ Demand for runway capacity is high;

e There are multiple runways with both airspace and taxiing interactions, or;

e There are close proximity airports with the potential for airspace or approach
interference.
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High density airports require all the capabilities of flexible terminals and surrounding airspace
plus integrated tactical and strategic flow capabilities. Decision support tools may require higher
performance navigation and communications capabilities, including higher fidelity weather
information for integration, for air traffic and the aircraft to support these additional operational
requirements. High density corridors will serve as transitions to and from trajectory-based en-
route airspace. High density operations will seamlessly integrate surface operations through
transition altitudes to en-route airspace.

The Flexible Terminal solution set has a focus on improvements to the management of
separation at all airports. Such capabilities will improve safety, efficiency and maintain capacity
in reduced visibility high density terminal operations. At airports where traffic demand is lower,
and at high density airports during times of low demand, operations requiring lesser aircraft
capability are conducted, allowing access to a wider range of operators while retaining the
throughput and efficiency advantages of high density operations. Both trajectory and non
trajectory-based operations may be conducted within flexible terminal operations.

The Collaborative Air Traffic Management (CATM) solution set covers strategic and tactical
flow management, including interactions with operators to mitigate situations when the desired
use of capacity cannot be accommodated. This solution set includes flow programs and
collaboration on procedures that will shift demand to alternate resources (e.g. routings, altitudes,
and times). CATM also addresses the management of aeronautical information necessary for all
operations within the NAS, including the management of airspace reservation and flight
information from pre-flight planning to post-flight analysis.

A summary of results is given here, with more details presented in Appendix A.
3.1 Trajectory Based Operations

This section is a summary of Appendix A, section A-1. The paper on TBO found in A-1 is a
work in-progress intended to help communicate and refine the developing mid-term weather
integration story for the Initiate Trajectory Based Operation (TBO) solution set. Mid-term
Operational Improvement (OI) descriptions, contained in this paper, go somewhat beyond what
current NextGen and Federal Aviation Administration (FAA) documentation provide. The
reason for this is to develop a more complete understanding of these Ols, so mid-term weather
integration candidates can be more easily identified. Although these extensions to mid-term
capability descriptions have not yet received review and vetting, this paper provides a vehicle by
which these assumptions can obtain needed feedback, thereby furthering our understanding of
mid-term Ols. These mid-term Ols begin the journey towards a full NextGen capability. This
document describes these initial steps and their future evolution.

The purpose of A-1 is to support drafting of the Joint Planning and Development Office’s
(JPDO) Air Traffic Management (ATM) Weather Integration Plan by:

e Identifying and describing likely Traffic Flow Management (TFM) by trajectory
weather integration opportunities based on the mid-term Ols contained in the Initiate
TBO solution set and
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e Developing weather integration scenarios to help identify potential mid-term
functional weather requirements.

Section A-1 may also be useful in supporting other activities such as the:
e Refinement of OI descriptions in the Initiate TBO solution set,
e Scenario development by the FAA’s Implementation and Integration (I&I) team,

e Drafting of en route TBO white papers by the JPDO’s Air Navigation Services (ANS)
Working Group (WG), and

e Drafting of TBO Concept of Operations (ConOps) and Concept of Use (ConUse)
documents.

To-date, the following mid-term, Initiate TBO, weather-related, operational capabilities have
been identified as ‘potential’ candidates for inclusion into decision support tools (DSTs). More
analysis and discussion are required before a final set can be presented. From among these
weather integration candidates, some may be incorporated into TBO ConOps documents,
forming the basis for NextGen weather integration requirements.

Initial Conflict Resolution Advisories
e Controller weather problem detection decision support to:

— Prevent directing aircraft into hazardous weather inadvertently when resolving
aircraft-to-aircraft conflicts

— Evaluate a pilot requested maneuver around the weather to ensure it will not send
the aircraft into another area of convection not yet visible on the aircraft’s
airborne radar

e Controller weather problem resolution decision support to respond to pilot requests
for assistance to:

— Route around significant areas of convective weather that are rapidly and
unexpectedly worsening

— Return aircraft to original flight plan when convective weather rapidly and
unexpectedly improves

Flexible Entry Times for Oceanic Tracks

e Integrate oceanic wind forecast information with the calculation of flexible entry
times for oceanic tracks

Point-in-Space Metering

e Calculation of a sequence of recommended upstream Controlled Times of Arrival
(CTAs) to a downstream capacity-constrained point, integrating weather and aircraft
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performance information, and conversion of these CTAs into desired airspeed
changes

Flexible Airspace Management

e Determination of pre-defined airspace configurations, using existing traffic patterns
and climatological weather

¢ Identification of airspace needs and development of a baseline plan for the given
flight day, 1 to 5 days ahead, using forecasted weather information

e Establishment of a baseline airspace configuration for the day, 8-24 hours in advance,
using forecasted weather information

e Determination of alternative airspace configurations, 4-8 hours in advance, using
forecasted weather information

e Selection and implementation of specific airspace configuration alternatives, 1- 4
hours in advance, using forecasted weather information

Increase Capacity and Efficiency Using Area Navigation (RNAV) and Required Navigational
Performance (RNP)

e Determination of whether fixed RNAV/RNP routes are or soon will be blocked by
convective weather

Additionally, the following mid-term, en route TBO, weather-related, operational decisions have
been identified as ‘potential’ candidates for common weather situational awareness among
decision makers:

Delegated Responsibility for Separation

e Delegated responsibility for pair-wise separation in convective weather (i.e., aircraft
following a ‘pathfinder’)

Initial Conflict Resolution Advisories

e Controller vectors an aircraft around a convective weather cell with an open-loop
clearance.

3.2 High Density Airports

This section is a summary of Appendix A, section A-2. The paper on High Density Airports
found in A-2 is a work in-progress intended to help communicate and refine the developing mid-
term weather integration story for the Increase Arrivals/Departures at High Density Airport
solution set. Mid-term Operational Improvement (OI) descriptions, contained in this paper, go
somewhat beyond what current NextGen and Federal Aviation Administration (FAA)
documentation provide. The reason for this is to develop a more complete understanding of
these Ols, so mid-term weather integration candidates can be more easily identified. Although
these extensions to mid-term capability descriptions have not yet received review and vetting,
this paper provides a vehicle by which these assumptions can obtain needed feedback, thereby
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furthering our understanding of mid-t