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EXECUTIVE SUMMARY

The Next Generation Air Transportation System (NextGen) is focusing on a new direction in
aviation weather-information capabilities to help stakeholders at all levels make better decisions
during weather situations. Safe and efficient NextGen operations will be dependent on enhanced
weather capabilities based on three major tenets:

* A common picture of the weather for all transportation decisionmakers and aviations
system users

» Weather integrated directly into sophisticated decision-support capabilities to assist
decisionmakers

« Utilization of Internet-like information dissemination to realize flexible and cost-efficient
access to all necessary weather information.

Air Traffic Management (ATM) personnel, aviation industry representatives, pilots, and weather
experts studying the NextGen paradigm have determined that a network-enabled, four-
dimensional weather data cube (4-D Wx Data Cube) is the best choice to ensure that accurate
weather information is integrated into NextGen operational decisionmaking. A subset of this 4-D
Wx Data Cube, known as the 4-D Wx Single Authoritative Source (4-D Wx SAS), provides
seamless, consistent weather information for ATM decisions. The 4-D Wx SAS facilitates the
integration of weather information directly into operational decision-support tools. This initial
report examines the 4-D Wx SAS functional and performance requirements to support ATM.

In June 2007, the Joint Planning and Development Office (JPDO) Senior Policy Committee
(SPC) approved a request for agency resources to form a JPDO Weather Working Group-
sponsored study team to perform a functional requirements analysis. Terms of Reference (TOR)
were provided at the kickoff meeting on July 30, 2007, for the JPDO Weather Functional
Requirements Study Team to address the following:

» Identify and document in greater detail NextGen aviation transportation system weather
information functional capability requirements (delivered through a 4-D cube concept) as
envisioned in the NextGen Concept of Operations (ConOps), including data attributes
(e.g., resolution [spatial and temporal], data latency, refresh rate, reliability, integrity, and
information content).

» Identify existing agency aviation transportation system weather information capabilities,
systems, architecture, and future weather information system plans and requirements.

» Analyze if and how aviation transportation system weather information capabilities,
systems, and architecture might be combined to achieve NextGen in a more operationally
effective and efficient manner.

» ldentify whether any changes might be necessary in government and/or civil systems and
planning to take advantage of possibilities to combine functionality.

» Develop and document cost, schedule, and performance attributes at the task level for the
4-D weather cube. If possible, assign agency lead status for each task item.

EXECUTIVE SUMMARY ES-1



NEXTGEN WEATHER ASSIMILATED INTO DECISIONMAKING DRAFT

The JPDO requested that subject matter experts (SME) representing government stakeholders
from the Federal Aviation Administration (FAA), the National Oceanic and Atmospheric
Administration (NOAA), the National Aeronautics and Space Administration (NASA), and the
Department of Defense (DOD) comprise the study team. The JPDO considered it important to
task those who clearly understood the NextGen concepts and paradigm, but whose primary
responsibility was not NextGen-related. The SME expertise included meteorologists, system
engineers, and one cost/budget analyst. One study team member had air traffic control
experience, and several members were general aviation pilots.

This report describes how the study team addressed the sizable and formidable tasks levied on it
and the results of its efforts. One key study team accomplishment was the 4-D Wx SAS
definition, which was developed in conjunction with the JPDO Weather Policy Study Team. The
4-D Wx SAS represents the machine-readable, network-enabled, geo- and time-referenced
weather information available via network-enabled communications, and has the following
characteristics:

* Includes current observations, interpolated current conditions, and predictions of future
conditions

» Supports probabilistic decision aids

» Provides a seamless, consistent common weather picture designed for integration into
operational decisions and available to all ATM decisionmakers.

The study team’s primary task was to provide the necessary functional and limited performance
NextGen weather requirements for the 4-D Wx SAS to support NextGen operations. For JPDO
agencies to plan and implement NextGen, a functional analysis to the lowest level is essential, as
is the development of the associated functional and performance requirements. The team
performed a weather functional analysis in accordance with Section 4.4 (Functional Analysis) of
the FAA Systems Engineering Manual (SEM), in which government and industry best practices
were adopted.

Functional analysis determines the activities that must be performed to achieve a stakeholder’s
need. It leads to a complete set of requirements that satisfies that need and improves integration,
discourages predefined solutions, and enables the incorporation of new and innovative designs
and solutions. For this task, the study team extracted operational needs from the NextGen
ConOps v2.0 and then decomposed them until sufficient detail existed to determine the high-
level weather functions. These high-level functions were iteratively decomposed to determine all
required NextGen weather functions. The team translated the resultant functions into limited
functional and performance requirements.

The study team performed a validation of user weather needs (survey, interviews, forums, and
literature search) to add integrity to the weather functions and 4-D Wx SAS data content.
Although some representation of valid user needs emerged, overall user response was
insufficient, and additional follow-up is required.

The team was tasked to develop and document cost, schedule, and performance attributes at the
task level for the 4-D Wx SAS. SMEs, using two comparables for the development and
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implementation of the 4-D Wx SAS, estimated the rough order of magnitude (ROM) costs. The
National Weather Service’s (NWS) National Centers for Environmental Prediction (NCEP)
prepared the estimate for the development of the capability to create the weather information in
the 4-D Wx SAS and the operational cost associated with this capability. NWS developed this
cost estimate using today’s modeling development and system operations to estimate the cost of
meeting the 4-D Wx SAS functional and performance requirements detailed in Section 4. The
estimated costs to implement the 4-D Wx SAS infrastructure and associated operations were
based on the cost to develop and operate the Aviation Weather Center’s Aviation Digital Data
Service.

The ROM for the development of the capability to create the data for the 4-D Wx SAS (the
integrated and consistent observation, analysis, and forecast and the probability data set) was $30
million annually, with 93 percent for implementation and operations and 7 percent for
development of the capability. The cost to implement and operate the 4-D Wx SAS infrastructure
was estimated at $11.5 million annually, with the cost to format data and store it within the 4-D
Wx SAS estimated at $4 million annually. The final ROM for the 4-D Wx SAS is an average of
$45.5 million per year.

The JPDO must finalize the draft functional requirements and develop the remaining
performance requirements for the 4-D Wx Cube (outside the 4-D Wx SAS). The study team
strongly recommends a JPDO-sponsored follow-on initiative to complete the NextGen 4-D Wx
Cube functional and performance requirements by leveraging the work of this Functional
Requirements Study Team. After all performance requirements have been developed, modeling
and simulation activities must be performed with the participation of a representative set of
NextGen decisionmakers to refine the initial performance requirements into a complete,
validated set of NextGen weather requirements.

This particular release, version 0.1, will be reviewed by the JPDO and the other government
agencies deemed most involved in the future development of the 4-D Wx Cube and the 4-D Wx
SAS. Version 1.0 will be released after JPDO and agency comments have been evaluated and
incorporated as applicable.
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1 INTRODUCTION

A Next Generation Air Transportation System (NextGen) key capability—assimilating weather
information directly into decisionmaking—will dramatically change the way National Airspace
System (NAS) decisionmakers use weather information. The NextGen Joint Planning and
Development Office (JPDO) has woven this concept into its working documents: the NextGen
Concept of Operations (ConOps) v2.0, the initial Integrated Work Plan, the Enterprise
Architecture (EA) v2.0, and the Weather ConOps v1.0. The JPDO will refine and update these
conceptual and working documents as details become more concise and better defined.

NextGen clearly requires a change in the way weather is collected, analyzed, predicted, tailored,
and integrated into aviation decisionmaking. Although the recent advances in meteorology have
been astounding, today’s weather information is designed for today’s requirements. In the
NextGen era, “the primary role of weather information is to enable the identification of optimal
trajectories that meet the safety, comfort, schedule, efficiency, and environmental impact
requirements of the user and the system.”* The character of weather information today falls
short. It has neither the temporal nor spatial resolution required, nor is it updated frequently
enough, and it contains inconsistencies (e.g., multiple different convective forecasts). Today’s
picture of current weather lacks useful quality estimates of weather between sensors for hazards
such as icing and turbulence. The perfect weather forecast is still decades away, and today’s
forecasts do not contain reliable and valuable estimates of weather possibilities (i.e.,
probabilities) that exist at the time the forecast is made. Also, current weather information is
usually not designed to fit the decisionmaker’s problem nor would it fit the sophisticated
decisionmaker tools envisioned for NextGen. The nature of aviation weather information must
change; however, acknowledging that today’s information is not good enough for NextGen is
quite different from specifying what is. The functional requirements team was tasked to do just
that. A group of subject matter experts (SME) set out to provide the initial set of weather
information requirements needed for achieving successful NextGen operations.

Air Traffic Management (ATM) personnel, aviation industry representatives, pilots, and weather
experts studying the NextGen paradigm have determined that a network-enabled, four-
dimensional weather data cube (4-D Wx Data Cube) is the best choice to ensure that accurate
weather information is integrated into NextGen operational decisionmaking. A subset of this 4-D
Wx Data Cube, known as the 4-D Wx Single Authoritative Source (4-D Wx SAS), provides
seamless, consistent weather information for ATM decisions. The 4-D Wx SAS facilitates the
integration of weather information directly into operational decision support tools (DST). This
initial report examines the 4-D Wx SAS functional and performance requirements to support
ATM.

The JPDO, and especially the JPDO Weather Working Group, has presented and discussed the
NextGen 4-D Wx Data Cube paradigm at various outreach activities. A common response from
NAS users is the need for more detail on the 4-D Wx Data Cube: what exactly it is, how it will
be built, and how it will be governed. Government agency planners and agency leaders have
offered a similar response, as they require more specific details in order to begin the task of
funding and building this cube.

! NextGen Concept of Operations, p. 5-4.
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In June 2007, the JPDO Senior Policy Committee (SPC) approved a request for agency resources
to form a JPDO Weather Working Group-sponsored study team to perform a functional
requirements analysis to answer some of these questions. The Weather Working Group outlined
the study team’s task in the Terms of Reference (TOR) at the kickoff meeting on July 30, 2007.

SMEs from multiple government agencies, specifically the Federal Aviation Administration
(FAA), the National Weather Service (NWS), the National Aeronautics and Space
Administration (NASA), and the Department of Defense (DOD), were solicited to participate on
the study team. The study team tapped additional expertise from private industry and other NAS
users. The weather and engineering SMEs working on this study team developed the initial set of
functions from the JPDO ConOps documents and then translated the functions into functional
and limited performance requirements. These requirements have had limited NAS user validation
because of minimal involvement from operational users. The JPDO must develop the rest of the
functional and performance requirements that define the 4-D Wx Cube [outside of the 4-D Wx
SAS]. After all the NextGen weather functional and performance requirements have been
developed, the JPDO must validate these 4-D Wx Data Cube and the 4-D Wx SAS requirements.
NextGen users and service providers must participate in this validation and any associated
requirements refinement. After the requirements are validated, they must be allocated to the
appropriate agency.

This study team document describes the efforts the team expended on a sizable and formidable
portion of the tasks levied on it (described in the TOR) and documents the results of the
completed activities, including some team initiated tasks. Following are the specific tasks:

» Identify and document NextGen weather information functional requirements (delivered
through the 4-D cube concept) as envisioned in the NextGen ConOps

» Identify SME-developed initial performance requirements
— Spatial and temporal resolution
— Data latency
— Data refresh rate
— Reliability [Availability] (minimum .999)
— Integrity
— Information content

» Develop and document cost (SME rough order of magnitude [ROM]), schedule, and
performance attributes at the task level for the 4-D Wx SAS

» Determine which requirements can be implemented in the 2012, 2016, and 2020 time
horizons

» Enhance NextGen EA by providing the next level of weather functions

» Provide comments for the next update of the NextGen ConOps and additional detail and
clarification to the next version of the NextGen Weather ConOps

» Determine which requirements need research and development (R&D) to be implemented
and added to the Integrated Work Plan

INTRODUCTION 1-2
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* Provide a set of functional requirements that agency leads can use to build a cost-benefit
analysis and plan their fiscal year 2010 (FY10) budget.

The following tasks addressed in the TOR were not completed by the team due to insufficient
time and resources and are therefore not included in this report:

» Identify existing agency aviation weather capability, systems, and architecture (Note: The
team identified that the NWS does not yet have a sufficiently mature NextGen-specific
EA. The DOD EA is mature enough for evaluation and comparison, but the FAA’s
weather artifacts are in an entirely different format. The team will complete this task
before the final version of this report.)

* Analyze if and how aviation transportation system weather information capability,
systems, and architecture may be combined to better achieve NextGen in a more effective
and efficient manner. (The team identified that the NWS does not yet have a sufficiently
mature NextGen-specific EA. The DOD EA is mature enough for evaluation and
comparison, but the FAA’s weather artifacts are in a different format. The team
recommends that a follow-on team completes this task.)

» Identify whether any changes may be necessary in government and/or civil systems to
take advantage of any possibilities to combine functions from multiple systems into fewer
systems. (Based on the amount of time it takes to complete a functional analysis and the
limited availability of experienced functional analysis resources, it was not possible to
investigate civil systems. Moreover, a comprehensive comparison cannot be performed
until all the NextGen weather performance requirements are developed and validated.)

1.1 ScoPE

To understand the scope of this effort and the specific focus of this set of functional and
performance requirements, some important definitions and concepts must be explained. The set
of functional and limited requirements will not make sense unless there is an understanding of
the specific concepts and definitions of the 4-D Wx Data Cube and 4-D Wx SAS detailed in
Sections 2.2 and 2.3. The specifics of the SME cost estimate constitute the basis of Section 1.1.2.
Section 1.1.3 clarifies specific topics considered out-of-scope for the study team.

1.1.1 4-D Wx Data Cube and 4-D Wx SAS Definitions

These definitions were coordinated with the JPDO Weather Policy Study Team, which released
its initial report, NextGen Weather Policy Findings and Recommendations v0.1, on October 31,
2007. The following bullets are extracted from that policy paper and help define the scope of this
team:

* The NextGen Weather ConOps is based on a shared, four-dimensional (three spatial
dimensions plus time) database of weather information (4-D Wx Data Cube).

* The NextGen Weather ConOps posits that at least some portion of this 4-D Wx Data
Cube must provide a common weather picture for NAS participants. This common
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weather picture for ATM is the 4-D Wx SAS. Figure 1-1 helps to illustrate the

differences between the 4-D Wx Data Cube and the 4-D Wx SAS.

— NextGen Weather ConOps explicitly states that the 4-D Wx SAS will not be a single
physical source (i.e., it is a conceptually unified source distributed among multiple
physical locations and suppliers). Similarly, the 4-D Wx Data Cube will be a
distributed, virtual system—mnot a single physical source.

* The 4-D Wx SAS has three characteristics.
— Includes current observations, interpolated current conditions, and predictions of
future conditions
— Supports probabilistic decision aids
— Provides a seamless, consistent common weather picture that is available to all ATM
decisionmakers for integration into operational decisions.

Although a functional analysis was performed on functions outside of the 4-D Wx SAS to help
define the boundary and determine the 4-D Wx SAS data content, the functional requirements
included in Section 4 pertain only to the 4-D Wx SAS. The draft functional requirements for the
4-D Wx Data Cube are contained in Appendix M.

Nearly all relevant sources of weather data will be included in the 4-D Wx Data Cube (e.g.,
surface observations, radar data, satellite data, and forecast model output). However, the federal
weather domain authority (the body that defines and implements clear operating rules for
determining the data source to be used for a given time and location) will determine which
observations will be available in the 4-D Wx SAS and which data from the 4-D Wx Data Cube
will be integrated to create the 4-D Wx SAS analysis and forecasts. The NextGen vision has all
NAS ATM decisionmakers incorporating this common weather picture into their specific DSTs.
For example, various model data solutions will exist in the 4-D Wx Data Cube, but only one
integrated forecast of an aviation-specific parameter (and in some cases its associated probability
distribution function) will be available in the 4-D Wx SAS. Specific examples of what is not
included in the scope of this document are listed in Section 1.1.3.
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Figure 1-1. NextGen 4-D Wx Data Cube

This simplified view of the 4-D Wx Data Cube from the NextGen Weather Policy Findings and
Recommendations vO0.1 illustrates the relationship of the 4-D Wx SAS, the 4-D Wx Data Cube
and External Systems that the Functional Requirements Study Team considers largely external to
the scope of its work (e.g., operational user systems). The important issues of weather cube
domains and data rights are not addressed in this paper or in this diagram. These issues are
covered in NextGen Weather Policy Findings and Recommendations v0.1.

NextGen Four-Dimensional Weather Cube
Functional Requirements Study Team — Scope Responsibility

4-D Weather
Data Cube

Interfacing Systems

(e.g., non weather NextGen systems
or International Weather Systems)

1.1.2 SME Cost-Benefit Analysis

As noted in the introduction, the team was asked to provide a SME cost-benefit analysis for
JPDO agencies’ planning purposes. To develop a reasonable estimate with the limited resources
and time available, the team bounded the cost analysis to include the following functions:

» “Store Weather Information” Function. This function includes a set of subfunctions
directly associated with the 4-D Wx SAS.
-- Electronic retention of four-dimensional meteorological information—including
information such as sensor observations and gridded analyses and forecasts—in an
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organized manner such that subsets can be individually retrieved; in today’s technology,

this feature would likely involve numerous databases

— Receipt of incoming meteorological information from the NextGen communications
subsystem, including ingest and storage functions.

“Manage 4-D Weather SAS” Function. This function includes a set of subfunctions

directly associated with managing the weather information in the 4-D Wx SAS.

— The provision of outgoing meteorological information to the NextGen
communications subsystem, including data access, possible formatting (for
dissemination), and output queuing. Note that outgoing data could flow in response to
scheduled “data pushes” or to external user data requests.

— The management of the system, administration, and ancillary functions (e.g.,
hardware and software maintenance, monitoring, security,
backup/failover/redundancy).

“Generate 4-D Wx SAS Weather Information” Function. This function creates
forecasts for ATM. Estimates are based on available information from comparable
existing model and forecast product generation techniques. At this very preliminary phase
of the NextGen project (i.e., pre-design functional requirements specification phase), a
wide envelope of uncertainty is associated with the resulting cost estimates.

“Format Weather Information for Storage” Function. This function involves
formatting data (e.g., the reorganization and representation of information) for storage in
compliance with established standards, guidelines, and conventions. At this writing, the
evolving set of NextGen-supported weather data formats is undefined. When considered
in its totality, the NextGen system will likely support a vast number of weather data
formats. However, from a functional requirements perspective, the 4-D Wx SAS needs to
support the formatting capability to convert only a relatively small number of
fundamental weather data types such as tex